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A B S T R A C T

Background: Consumption of both caffeinated and decaffeinated coffee has been reported to attenuate long-term weight gain. Whether the association
between coffee consumption and weight gain depends on the addition of sugar, cream, or coffee whitener remains unclear.
Objective: We aimed to study the associations between changes in coffee consumption, caffeine intake, and weight changes by considering the addition
of sugar, cream, or a nondairy coffee whitener.
Methods: We used 3 large prospective cohorts – the Nurses’ Health Study (1986 – 2010), Nurses’ Health Study II (1991 – 2015) and Health Professional
Follow-up Study (1991 – 2014). We applied multivariable linear regression models with robust variance estimators to assess the association of changes in
coffee habits within each 4-y interval with concurrent weight changes. Results across the 3 cohorts were pooled using inverse-variance weights.
Results: After multivariable adjustment, each 1 cup per day increment in unsweetened caffeinated coffee was associated with a reduction in 4-y weight
gain of -0.12 kg (95 % CI: -0.18, -0.05 kg) and of -0.12 kg (95 % CI: -0.16, -0.08 kg) for unsweetened decaffeinated coffee. The habits of adding cream or
nondairy coffee whitener were not significantly linked to weight changes. Adding a teaspoon of sugar was associated with a 4-y weight gain of þ0.09 kg
(0.07, 0.12 kg). Stratified analyses suggested stronger magnitude of the observed associations with younger age and higher baseline BMI. Neither caffeine
nor coffee modified the association of adding sugar to any food or beverage with weight changes.
Conclusions: An increase in intake of unsweetened caffeinated and decaffeinated coffee was inversely associated with weight gain. The addition of sugar
to coffee counteracted coffee’s benefit for possible weight management. To the contrary, adding cream or coffee whitener was not associated with greater
weight gain.
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Introduction

Caffeinated beverages are widely consumed globally. In the
United States, about 85% of adults consume caffeine daily, with
coffee as the predominant source [1]. Coffee consumption can be
part of a healthy dietary pattern as a daily intake of 3 to 5 standard
cups has been inversely associated with several chronic diseases,
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these health benefits may be mediated by the effect of coffee on
energy metabolism, suggesting an antiobesity effect, only in part due
to direct metabolic actions of caffeine [5–7]. An increase in sym-
pathetic nervous system and energy expenditure are among the main
proposed mechanisms [8].
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Drinking coffee is often accompanied by adding sugar, artificial
sweetener, cream, or coffee whitener. The evidence for sugar-
sweetened and artificially sweetened beverages with obesity, car-
diometabolic disease, and other chronic diseases raises concerns over
adding sugar or artificial sweeteners to coffee due to their potential
detrimental health effects [9,10]. A prospective cohort study in the UK
Biobank found different dose-response relationships between coffee
consumption and mortality depending on whether the coffee was
consumed unsweetened, sugar-sweetened, or artificially sweetened
with noncaloric sweeteners. The coffee habit of adding cream or a
nondairy coffee whitener has not been studied. In comparison to
unsweetened coffee, the mortality reduction for sugar-sweetened coffee
was attenuated and U-shaped, insignificant at higher intakes, and the
association became generally inconsistent for artificially sweetened
coffee [11]. The authors concluded that adding sugar to coffee did not
alter the relationship between coffee consumption and mortality despite
the observed attenuation of an inverse association. It remains unknown
whether sugar-sweetening of coffee affects metabolic health through
changes in body weight due to its caloric contents. Its potential rele-
vance as an effective weight management strategy, especially for
people who are overweight, is reflected in the updated 17-item energy
restricted Mediterranean Diet Adherence Screener (MEDAS), used in
the ongoing Prevenci�on con Dieta Mediterr�anea (PREDIMED)-Plus
trial to assess calorie restriction within the pattern of the Mediterranean
diet. The 17-item MEDAS includes a question on habitual adding of
sugar to coffee or other beverages [12]. Besides sweetened coffee,
cream, and coffee whiteners may affect body weight and metabolic
health depending on their saturated fat and sugar content [12, 13–16].

The major goal of this study was to examine the association be-
tween changes in coffee consumption, caffeine intake, and weight
changes by considering the addition of sugar, cream, or a nondairy
coffee whitener. We also assessed the relationship between adding
sugar to beverages and foods as a condiment in general and weight
changes. Furthermore, we investigated whether weight change due to
an increase in added sugar to beverages was modified by the
concomitant increase in caffeine or coffee intake.

Methods

Study population
Our study used the data from 3 prospective cohorts. In 1976, the

Nurses’ Health Study (NHS) started with 121,700 female registered
nurses from 11 US states. In 1989, the Nurses’Health Study II (NHS II)
was initiated with 116,429 younger female registered nurses from 14
states. For the Health Professional Follow-up Study (HPFS), 51,529
US male health professionals from 50 states were recruited in 1986.
Retention rate of participants in each 2-year interval was>90 % in all 3
cohorts. The first year for which detailed information on diet, physical
activity, and tobacco habits was provided—1986 in the NHS and HPFS
and 1991 in the NHS II—marked the baseline of our study. For the
current analyses, follow-up of the NHS ended in 2010, in 2014 for the
HPFS, and in 2015 for the NHS II.

We excluded participants with >70 missing responses in the
baseline food frequency questionnaire (FFQ) or implausible energy
intakes (females: <600 kcal/d or >3500 kcal/d; <800 or >4200 kcal/
d for males). To minimize confounding by age and disease-related
weight change, age�65 years, self-reported baseline diagnosis of car-
diovascular disease (heart disease, angina, coronary artery bypass graft,
stroke, pulmonary embolism), diabetes, cancer, respiratory diseases
(emphysema, active tuberculosis, chronic bronchitis), chronic kidney
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disease (chronic kidney failure), neurodegenerative disorders (Amyo-
trophic Lateral Sclerosis, Parkinson, Multiple Sclerosis, Alzheimer),
gastric conditions (ulcerative colitis, gastric or duodenal ulcer, gastric
surgery/intestinal bypass) and systemic lupus erythematosus were
exclusion criteria. Participants with missing information on BMI and
body weight, as well as with extreme values (BMI<15 or BMI>50) at
baseline were also excluded. After excluding participants with missing
information on baseline BMI, weight change, or change in exposure
variables (caffeinated coffee, decaffeinated coffee, teaspoons of added
sugar, coffee whitener, cream), 48,891 females in the NHS, 83,464
females in the NHSII, and 22,863 males in the HPFS were included in
our study. During follow-up, pregnant females, deceased participants,
those lost to follow-up, reaching the age of 65, or diagnosed with
diabetes were censored at the time period of the reported diagnosis, and
the following 4-year cycles were not included in the analysis. Partici-
pants with the other above-mentioned diseases included as baseline
exclusions were censored 6 years before diagnosis. Four-year cycles
with missing information on baseline BMI, weight change, or change
in exposure variables (caffeinated coffee, decaffeinated coffee, tea-
spoons of added sugar, coffee whitener, cream) were not considered.
All participants provided informed consent. The institutional review
boards of Brigham and Women’s Hospital and Harvard School of
Public Health approved the study protocol for all 3 cohorts.
Dietary exposure assessment
Participants filled out an FFQ providing information on food and

beverage intake of more than 130 items over the previous year at
baseline and every 4 years during follow-up. Participants indicated the
quantity of consumed food using standard portion size and 9 possible
frequencies, ranging from “never or less than once per month” to “6 or
more times per day.” The FFQ captured coffee intake (“decaffeinated
coffee” and “coffee with caffeine,” standard measure ¼ 8 ounces [1
cup]), its associated habit of adding cream (standard measure ¼ 1
tablespoon, excluding fat free) or nondairy coffee whitener (standard
measure ¼ 1 tablespoon, excluding fat free). Participant responses also
included how many teaspoons of sugar they added to their beverages
and food each day. Adding milk to coffee was not specifically captured
in the FFQs and, therefore, was not examined.

Total caffeine intake was estimated by calculating the net intake per
day from the main sources: caffeinated coffee, decaffeinated coffee,
tea, and soda drinks. Reference values were derived from food
composition tables provided by the US Department of Agriculture [17].
Change in caffeine intake within each 4-year period was calculated and
transformed into a variable using 100 mg/d as the unit.

Reproducibility and validity of the FFQ used in the NHS and HPFS
were shown previously [18–20]. Coffee and tea habits counted among
the most reproducible items with correlation coefficients of 0.78 for
coffee and 0.93 for tea over the 1-year period [21,22].
Body weight assessment
Baseline questionnaire and biennial questionnaires during follow-

up captured the trajectory of height and weight among the partici-
pants. Self-reported measures could be generally confirmed in a vali-
dation subsample with staff-measured weight (Spearman’s correlation
coefficient r ¼ 0.96) in which self-reported weights were, on average,
1.5 kg lower than the measurements from staff [23]. A 4-year weight
change was described using metric unit system (kg). Anthropometric
measures and weight changes were strong predictors of disease risk and
mortality in these cohorts [24–27].
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Covariate assessment
Other dietary factors with relevance for weight change were

assessed in the FFQs every 4 years, including fruits, starchy and
nonstarchy vegetables, legumes, whole grains, refined grains, cooked
and fried potatoes, fresh and processed red meat, poultry, fish, eggs,
butter, other dairy products, sweets and desserts, nuts, fried food
consumed at home and away, sugar-sweetened beverages, fruit juice,
and water. Intake of trans-fat, total fiber, and the ratio of unsaturated to
saturated fats, which have been related to weight gain, were also
included. Alcohol intake was estimated using information on con-
sumption of beer, wine, and liquor. Overall diet quality was described
with the Alternate Healthy Eating Index (AHEI)-2010 score [28]. Its
changes have already been shown to powerfully predict weight change.
It captures directly or indirectly the main food groups promoting
weight gain except for sweets and desserts, cooked and fried potatoes,
as well as fried food in general [28–30].

Information on medical conditions, medication and supplement use,
body weight, screenings, and lifestyle habits (physical activity, smok-
ing habits) were collected every 2 years with validated questionnaires.
Sleep duration was assessed in 1986, 2000, and 2002 in NHS; in 2001
in the NHS II; and in 1987 and 2000 in the HPFS. Therefore, analyses
were adjusted for sleep duration at baseline using categorical variables:
missing data, <6, 6–7, 7–8, and >8 h per day. Sedentary behavior was
approximated by hours per week of watching television at home: in
1992 and 2004 in the NHS; in 1991, 1997, 2001, and 2005 in the NHS
II; and in 1988 and every 2 years thereafter in the HPFS. Hence, a
baseline categorical variable for television watching was used in NHS
and NHS II (missing data, 0–1, 2–5, 6–20, 21–40, and >40 h/wk), and
absolute change (continuous variables) was used in the HPFS. Medi-
cations were not included as covariates because they can be a conse-
quence of an unhealthy diet and its associated weight gain and,
therefore, would mask the relationship between changes in diet and 4-
year weight change by being their mediators or direct correlates [29].

Statistical analyses
We analyzed the relationship between changes in coffee intake,

cream, coffee whitener, and added sugar and concurrent weight change
in each 4-year period during 24 years of follow-up in the NHS
(1986–2010) and NHS II (1991–2015) and 28 years in the HPFS
(1986–2014). Dietary changes were expressed as changes in servings/
d and used as continuous variables. Extreme values were truncated at
the 0.5th and 99.5th percentile to avoid undue influence by outliers.
Indicator variables for categorical behaviors (change in smoking status,
sleep duration, time watching television) were made. For all variables
describing a change in lifestyle habits, “no change” was the reference
category. Missing lifestyle data during follow-up were imputed using
the last observation forward for continuous variables or were coded as
missing indicator if a categorical variable.

We used multivariate linear regression models (‘PROC GENMOD’
in SAS) with unstructured correlation matrix to factor in within-person
repeated measures. Three main models were constructed to assess the
relationship between change in intake of unsweetened coffee
(caffeinated coffee and decaffeinated coffee, in cup/d), added sugar
(teaspoon/d), coffee whitener, cream (both in tablespoon/d), and 4-year
weight change (in kg). The first model was adjusted for the intercept of
the 4-year time period and age only. The second multivariable adjusted
model was additionally adjusted for BMI, sleep duration and time
watching television (only NHS and NHS II) at baseline of the 4-year
period, and 4-year change in time watching television (in h/wk, only
HPFS), change in socioeconomic status, sugar-sweetened beverages,
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fruit juice, tea (tea was excluded for the analyses with caffeine intake as
the exposure), water (all variables in servings/d), change in alcohol
intake (g/d), change in adherence to AHEI-2010 excluding alcohol as a
proxy for weight change triggered by changes in general dietary
pattern, and the with weight strongly associated food groups, cooked
and fried potatoes, other fried food and sweets and desserts (all vari-
ables in servings/d) which are not captured in the AHEI-2010. A third
model was furthermore adjusted for change in total energy intake,
allowing first to assess whether associations of coffee condiments with
weight change are partially mediated through their calories and to
indirectly include changes in food groups which account for changes in
calories but have not been captured in the covariables of the second
model yet.

Nonlinearity was assessed with additional polynomial regression
models of degree 2.
Effect modification through age and BMI
Additionally, we examined the association between change in

caffeine intake and 4-year weight change by adding change of caffeine
to the age and multivariable adjusted models. As coffee was the major
source of caffeine, we also constructed a multivariable model in which
change in caffeinated coffee was left out for change in caffeine.
Stratified analyses of the main models were performed by age group
(>50 and �50 years) and BMI categories (� 25.0, 25.0 – 29.9, and �
30.0 kg/m2) for the above-mentioned models.
Sensitivity analyses
The robustness of results was tested in several sensitivity analyses.

First, change in intake of fruits, starchy and nonstarchy vegetables,
legumes, whole grains, refined grains, fresh and processed red meat,
poultry, fish, eggs, butter, other dairy products, nuts, calories from
protein and fat sources, trans-fat, total fiber and the ratio of unsaturated
to saturated fats were added to the third model. Next, a model
excluding 4-year cycles in which participants added > 5 teaspoons of
sugar per day were excluded to reduce distortion of the analysis
through excessive added sugar, likely reflecting an overall unhealthy
dietary pattern. Furthermore, 4-year weight changes in relation to
changes in coffee and sugar habits were assessed among coffee
drinkers who had a minimum intake of 1 cup/d both at the beginning
and the end of each 4-y cycle.
Sugar-sweetened coffee and effect modification of the
association between adding sugar and weight change
through coffee or caffeine

Effect modification between adding sugar to coffee and weight
was examined by adding 2 binary product terms for the age and
multivariable adjusted models: the binary product term considered if a
change in added sugar occurred with a concurrent change in
caffeinated coffee or decaffeinated coffee, respectively. Cross-
product terms to describe a concurrent change in coffee consump-
tion, either caffeinated or decaffeinated, and added sugar up to 1 cup,
between 1 and 2 cups, or > 2 cups/d were used in another separate
model. In an alternative way to study effect modification using 3
categories, it was considered whether adding sugar was accompanied
by an increase in caffeine intake up to 100 mg, between 100 and 200
mg, or > 200 mg. Effect modification was confirmed if coefficients
were statistically significant (P<0.05).

Results across cohorts were pooled by means of inverse-var-
iance–weighted, random-effects meta-analyses. Analyses were carried
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out with the use of SAS software, version 9.4 (SAS Institute Inc.), at a
2-tailed alpha level of 0.05.
Results

Cohort characteristics
Supplemental Figure 1 provides details on the prevalence of the

exclusion criteria. After their application, the NHS counted 48,891 par-
ticipants, NHS II and HPFS had 83,464 and 22,863, respectively. Table 1
summarizes the characteristics of the NHS, NHS II, and the HPFS, both
at the average baseline of all 4-year periods and their changes. The
average 4-year weight gain over all cycles was 1.2 kg (5th to 95th
percentile: -6.8 to 9.1 kg) in the NHS, 1.7 kg (5th to 95th percentile: -7.7
to 11.3 kg) in the NHS II and 0.8 kg in the HPFS (5th to 95th percentile:
-5.0 to 6.8 kg). Differences across cohorts may be explained in part by
differences in sex and age: the mean age was 55.0 (5th to 95th percentile:
43.0 to 64.0), 45.0 (5th to 95th percentile: 32.0 to 59.0) and 53.7 (5th to
95th percentile: 41.0 to 64.0), in the NHS, NHS II, and HPFS,
respectively.

In the NHS, participants consumed on average 1.5 (5th to 95th
percentile: 0.0 – 4.5) cups of caffeinated coffee per day and 0.7 (5th to
95th percentile: 0.0 – 2.5) cups/d decaffeinated coffee; 1.3 (5th to 95th
TABLE 1
Baseline characteristics and average 4-y changes in 3 US cohorts

Variables NHS* (48,891 females) N

Baseline Changes within each
4-y period (5% – 95%)

B

n 48,891 8
Number of 4-y cycles 117,707 2
Age (y) 55.0 4
BMI (kg/m2) 25.6 0.4 (-2.4 to 3.3) 2
Overweight (%) 30.5 2
Obesity (%) 15.9 1
Body weight (kg) 69.1 1.2 (-6.8 to 9.1) 6
Physical Activity (MET-h/wk)* 18.1 8.1 (-27.5 to 30.3) 2
Sleep duration (h/d) 7.0 7
Sedentary time (h/wk) 2.8 2
Current smoker (in %) 14.2 % 8
Adherence to AHEI-2010* 48.1 1.1 (-13.2 to 15.7) 4
Alcohol intake (g/d) 5.9 -0.2 (-8.6 to 8.0) 4
Energy intake (kcal/d) 1768 -6.4 (-728 to 709) 1
Fat intake (in % of total energy intake) 31.3 -0.8 (-10.8 to 9.1) 3
Fat ratio (saturated/ polyunsaturated) 0.6 0.0 (-0.3 to 0.4) 0
Trans-fatty acids (g/d) 2.6 -0.2 (-2.2 to 1.8) 2
Fiber intake (g/d) 19.8 0.7 (-9.9 to 11.7) 2
Dietary intake—servings/d
Decaffeinated coffee 0.7 -0.1 (-2.0 to 1.7) 0
Caffeinated coffee 1.5 -0.1 (-2.1 to 2.0) 1
Total coffee 2.2 -0.4 (-2.4 to 2.0) 1
Teaspoons of sugar 0.8 0.0 (-2.0 to 2.0) 0
Adding sugar 33.8 % 82.5 % no change in habit 3
Caffeine [mg/d] 259 -30 (-320 to 240) 2
Coffee whitener1 [Tablespoon] 0.2 0.0 (-0.8 to 0.6) 0
Cream2 [Tablespoon] 0.2 0.0 (-0.4 to 0.4) 0
Water 2.9 -0.1 (-2.5 to 3.5) 2
Fruit juice 0.7 0.0 (-1.0 to 1.0) 0
Fruits 1.6 -0.2 (-1.6 to 1.5) 1
Vegetables 4.1 0.0 (-2.8 to 2.8) 4
Tea 0.6 0.0 (-1.5 to 1.5) 0

* NHS¼ Nurses’ Health Study; NHSII ¼ Nurses’ Health Study 2; HPFS¼ Heal
2010 ¼ Alternate Healthy Eating Index-2010
1 nondairy coffee whitener (excluding fat free)
2 excluding fat free cream
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percentile: 0.0 – 4.5) cups of caffeinated coffee per day and 0.3 (5th to
95th percentile: 0.0 – 2.5) cups/d decaffeinated coffee in the NHS II, and
1.4 (5th to 95th percentile: 0.0 – 4.5) cups/d and 0.5 (5th to 95th
percentile: 0.0 – 2.5) in the HPFS, at baseline, respectively. The average
change in coffee consumption over all 4-year periods on the cohort level
wasminimal, but the 5th and 95th percentiles reported a change of about 2
cups/d in either direction. The average baseline level of adding sugar (0.8
[5th to 95th percentile: 0.0 – 4.0], 0.7 [5th to 95th percentile: 0.0 – 3.0], or
1.0 [5th to 95th percentile: 0.0 – 4.0] teaspoons of sugar per day in the
NHS, NHS II, and HPFS, respectively), did not change on average over
the 4-year periods. At baseline, about two-thirds of all participants re-
ported not adding any sugar to beverages or food at all, and>80 % of all
participants did not change their habit of adding sugar over the 4-year
cycles.

Changes in coffee habits and weight changes
Table 2 presents the average 4-year weight changes associated with

changes in coffee habits. An increase of one cup of unsweetened
caffeinated coffee per day was associated with a moderate reduction in
weight gain (multivariable adjusted model: -0.12 kg, 95% CI: -0.18,
-0.05), as was unsweetened decaffeinated coffee (-0.12 kg; 95% CI:
-0.16, -0.08). Increasing added sugar to any food or beverage by 1
teaspoon per daywas associatedwith a weight gain ofþ0.09 kg (95%CI:
HS II* (83,464 females) HPFS* (22,863 males)

aseline Changes within each
4-y period (5% – 95%)

Baseline Changes within each
4-y period (5% – 95%)

3,464 22,863
21,559 40,373
5.0 53.7
5.6 0.7 (-2.5 to 4.1) 25.7 0.3 (-1.6 to 2.2)
5.7 45.9
8.1 9.2
9.7 1.7 (-7.7 to 11.3) 82.3 0.8 (-5.0 to 6.8)
1.0 1.4 (-30.9 to 36.2) 29.3 10.9 (-38.0 to 52.8)
.0 7.1
.5 10.3 -0.2 (-13.0 to 10.5)
.1 % 6.7 %
9.4 2.8 (-11.5 to 18.0) 47.4 2.1 (-10.9 – 15.8)
.8 0.7 (-5.7 to 8.9) 11.4 0.2 (-13.4 to 14.3)
786 2.7 (-787 to 792) 2025 -11.4 (-832 to 806)
1.5 0.4 (-10.2 to 11.2) 31.2 -0.4 (-9.8 to 9.0)
.6 0.0 (-0.3 to 0.4) 0.6 0.0 (-0.3 to 0.4)
.4 -0.4 (-2.2 to 1.2) 3.0 -0.1 (-2.5 to 2.3)
0.1 0.9 (-10.7 to 12.9) 21.7 0.9 (-10.6 to 12.7)

.3 0.0 (-1.0 to 0.9) 0.5 0.0 (-1.5 to 1.5)

.3 0.0 (-2.0 to 2.0) 1.4 0.0 (-2.0 to 2.0)

.6 0.0 (-2.0 – 1.9) 1.9 0.0 (-2.0 – 2.0)

.7 0.0 (-2.0 – 2.0) 1.0 -0.1 (-2.0 – 1.0)
1.1 % 81.8 % no change in habit 39.0 % 83.3 % no change in habit
10 -11 (-261 to 215) 228 -14 (-288 to 253)
.3 0.0 (-0.8 to 1.0) 0.2 -0.1 (-1.0 to 0.4)
.3 0.0 (-0.8 to 1.0) 0.2 0.0 (-0.4 to 0.4)
.8 0.1 (-3.5 to 3.5) 2.4 -0.1 (-2.4 to 2.1)
.5 -0.1 (-1.0 to 0.9) 0.8 0.0 (-1.1 to 1.0)
.3 0.1 (-1.4 to 1.7) 1.6 0.1 (-1.4 to 1.6)
.0 0.1 (-2.8 to 3.1) 3.9 0.1 (-2.6 to 2.9)
.8 0.0 (-1.7 to 1.9) 0.5 0.0 (-1.1 to 1.0)

th Professional Follow-up Study; MET¼metabolic equivalent of task; AHEI-



TABLE 2
Cohort-specific and pooled results for the relationships between changes in coffee habits (1 serving per day) and absolute weight change (kg) within each 4-y
period in 3 prospective cohorts.

Increase dietary intake
(servings/day)

Weight change (kg) within each 4-y period (95 % confidence interval)

NHS NHS II HPFS Pooled results P value for
heterogeneity

UNSWEETENED Caffeinated coffee
Minimal adjustment -0.10 (-0.13, -0.07) -0.18 (-0.20, -0.15) -0.06 (-0.10, -0.02) -0.11 (-0,18, -0,05) < 0.001
Intermediate adjustment -0.10 (-0.13, -0.07) -0.18 (-0.21, -0.15) -0.07 (-0.10, -0.03) -0.11 (-0,18, -0,05) < 0.001
Multivariable adjustment -0.10 (-0.13, -0.07) -0.18 (-0.21, -0.15) -0.06 (-0.10, -0.02) -0.12 (-0.18, -0.05) < 0.001
Decaffeinated coffee
Minimal adjustment -0.12 (-0.15, -0.09) -0.19 (-0.24, -0.15) -0.13 (-0.18, -0.08) -0.14 (-0.19, -0.10) 0.02
Intermediate adjustment -0.10 (-0.13, -0.07) -0.16 (-0.20, -0.12) -0.12 (-0.17, -0.07) -0.12 (-0.16, -0.08) 0.03
Multivariable adjustment -0.10 (-0.13, -0.07) -0.16 (-0.20, -0.12) -0.11 (-0.16, -0.06) -0.12 (-0.16, -0.08) 0.04

ADDING TO COFFEE Teaspoon of sugar
Minimal adjustment 0.14 (0.12, 0.17) 0.16 (0.14, 0.19) 0.09 (0.05, 0.12) 0.13 (0.09, 0.18) < 0.001
Intermediate adjustment 0.11 (0.09, 0.14) 0.10 (0.07, 0.12) 0.06 (0.03, 0.09) 0.09 (0.07, 0.12) 0.05
Multivariable adjustment 0.11 (0.09, 0.13) 0.10 (0.07, 0.12) 0.07 (0.04, 0.10) 0.09 (0.07, 0.12) 0.06
Adding cream
Minimal adjustment 0.06 (0.00, 0.12) 0.06 (0.02, 0.10) 0.10 (0.01, 0.18) 0.07 (0.04, 0.10) 0.72
Intermediate adjustment 0.03 (-0.03, 0.09) 0.02 (-0.02, 0.06) 0.07 (-0.01, 0.16) 0.03 (0.00, 0.06) 0.45
Multivariable adjustment 0.03 (-0.03, 0.08) 0.02 (-0.02, 0.06) 0.05 (-0.03, 0.13) 0.03 (0.00, 0.06) 0.45
Coffee whitener
Minimal adjustment 0.05 (0.02, 0.09) 0.04 (0.00, 0.07) -0.01 (-0.06, 0.05) 0.03 (0.00, 0.06) 0.37
Intermediate adjustment 0.04 (-0.01, 0.08) 0.01 (-0.04, 0.05) -0.01 (-0.06, 0.05) 0.01 (-0.01, 0.04) 0.38
Multivariable adjustment 0.04 (-0.01, 0.08) 0.01 (-0.03, 0.05) -0.02 (-0.07, 0.03) 0.02 (-0.01, 0.04) 0.40

NHS ¼ Nurses’ Health Study; NHS II ¼ Nurses’ Health Study 2; HPFS ¼ Health Professional Follow-up Study. Minimally adjusted model: adjustment for
intercept of 4-y time period and age. Intermediate adjustment: additional adjustment for BMI, daily hours of sleep (�6 h/d, >6 ~ �7 h/d, >7 ~ �8 h/d, >8 h/d),
change in physical activity (MET-hour per week), change in smoking status (never-never, current-past, past-current, never-current, past-past, current-current),
changes in sugar-sweetened beverages, fruit juice, water, tea (all variables in servings/d), socioeconomic status, change in alcohol intake (g/d), adherence to
AHEI-2010 excluding alcohol, cooked and fried potatoes, other fried food and sweets and desserts. In NHS and NHS II: sedentary time (�1 h/wk, 2–5 h/wk, 6–20
h/wk, 21–40 h/wk, 41þ h/wk); in HPFS change in sedentary time (>4hr less, 1.5h ~ 4h less, 0 ~ 1.5h less, no change, up to 1.5h more, 1.5 ~ 4h more, > 4h).
Multivariable adjustment: additional adjustment for change in total energy intake. Results were pooled by an inverse-variance-weighted random-effects meta-
analysis across the 3 cohorts.
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0.07, 0.12) over the 4-year cycles. Heterogeneity between studies was
statistically significant, indicating a stronger inverse association between
coffee intake and weight gain in the NHS II. Weight gain associated with
adding sugar had a larger magnitude in NHS and NHS II than in the
HPFS. The 4-year weight changes associated with changes in use of
coffee whitener were marginally associated in the NHS only. Adding
cream to coffee did not show any statistically significant association with
weight change after adjustment for multiple covariates. Intermediate and
multivariable adjusted model, which only differed from each other by
adjustment for total energy intake, yielded the same results. A nonlinear
relationship for changes in coffee habitswas not observedwhen quadratic
terms for all of them were added to the models (P>0.05).
Subgroup analyses
Stratification across BMI categories showed stronger associations

of changes in coffee or adding sugar with 4-year weight change among
people with overweight and obesity, compared with healthy weight
(Figure 1 and Supplemental Table 1). Analyses stratified by age group
(� or>50 years of age) indicated stronger weight reduction among the
younger subgroup with increasing coffee consumption. Multivariate
adjusted models including all strata using product terms confirmed a
statistically significant effect modification of the relationship between
changes in caffeinated, decaffeinated coffee, sugar, and weight change
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through overweight and obesity. Among the product terms to test for
effect modification through age group, only the one for caffeinated
coffee reached statistical significance (Supplemental Table 2).
Effect modification of the relationship between adding
sugar and weight gain through coffee

The absence of effect modification in the relationship between
increasing sugar and weight gain through a concomitant increase in
caffeinated or decaffeinated coffee was further supported in pooled
analyses including cross-product terms (Supplemental Figure 2, Sup-
plemental Table 3). The nonsignificant cross-product terms did not
support the hypothesis that coffee modifies the weight gain promoted
by added sugar. In analyses using 3 semiquantitative variables, no ef-
fect modification through caffeinated or decaffeinated coffee was
observed either (Supplemental Table 4). Stratification across BMI and
age groups did not yield significant results for effect modification
through coffee in any subgroup (results not shown).

Caffeine consumption and weight changes
Supplemental Table 5 shows the results of analyses using changes

of 100 mg/d of caffeine as the exposure variable. An increase in
caffeine intake by 100 mg/d was inversely associated with weight gain
(-0.08 kg, 95% CI: -0.13, -0.03). The results were similar to caffeinated



FIGURE 1. Pooled results for the relationships between changes in coffee habits (1 serving per day) and absolute weight change (kg) within each 4-y period:
stratified by age or BMI. Pooled results are derived from the results of NHS, NHS II, and HPFS using inverse-variance-weighted random-effects meta-analysis.
All models were multivariable adjusted: intercept of 4-y time period, age, BMI, daily hours of sleep (�6 h/d, >6 ~ �7 h/d, >7 ~ �8 h/d, >8 h/d), change in
physical activity (MET-h per week), change in smoking status (never-never, current-past, past-current, never-current, past-past, current-current), changes in
sugar-sweetened beverages, fruit juice, water, tea (all variables in servings/d), socioeconomic status, change in alcohol intake (g/d), adherence to AHEI-2010 ex
alcohol, cooked and fried potatoes, other fried food, sweets and desserts and change in total energy intake. In NHS and NHS II: sedentary time (�1 h/wk, 2–5 h/
wk, 6–20 h/wk, 21–40 h/wk, 41þ h/wk); in HPFS change in sedentary time (> 4h less, 1.5h ~ 4h less, 0 ~ 1.5h less, no change, up to 1.5h more, 1.5 ~ 4h more,
> 4h).
The error bars indicate 95% CIs.
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coffee (-0.12 kg, 95% CI: -0.18, -0.05). Effect modification of the
relationship between increase in sugar intake and weight gain through
caffeine was likewise not observed. Caffeine intake from other sources
than coffee could not be studied due to the high correlation between
caffeine and coffee intake in our study (correlation coefficients >0.9).
Sensitivity analyses
The robustness of the main results was confirmed in sensitivity

analyses (shown in Supplemental Table 6), where the multivariable
models were further adjusted for additional dietary variables, including
change in intake of fruits, starchy and nonstarchy vegetables, legumes,
whole grains, refined grains, fresh and processed red meat, poultry, fish,
eggs, butter, other dairy products, nuts, fiber intake, ratio of the intake
of polyunsaturated and saturated acids, percentage of calories from fats,
protein, total energy intake and trans-fatty acids. Results also remained
consistent after excluding participants who add more than 5 teaspoons
of sugar per day to food and beverages and when limiting the analyses
to coffee drinkers with at least 1 cup of coffee at the beginning and the
end of each 4-year cycle.

Discussion

In 3 separate large prospective US cohorts, we found that increasing
consumption of coffee was associated with lower weight gain over 4-
year cycles. However, this association was attenuated by adding sugar
to beverages and foods. Increasing the use of coffee whitener or cream
1169
did not show any statistically significant association with weight
change. Neither caffeine nor coffee modified the association between
increasing use of sugar and weight gain.

To the best of our knowledge, our study is the first to report that
sweetening coffee with sugar counteracts the long-term reduction in
weight gain associated with increasing coffee intake. The results
emphasize the critical role of sugar added to beverages: it has long been
recognized that sugar-sweetened beverages promote weight gain,
chronic diseases, and increase mortality risk [9,31]. One serving of
sugar-sweetened beverage (355 ml) contains 35.0 to 37.5 g of sugar and
~140 to 150 calories [9]. Our findings are notable as even one teaspoon
of sugar, equal to 4 to 5 g, contributed to small amounts of long-term
weight gain. Given the stronger association among participants with
overweight and obesity and high amounts of added sugar in popular
coffee drinks [32], our study has important public health relevance.

To study the above-mentioned association between change in
adding sugar to coffee and weight change, we relied on the variable
providing the number of teaspoons of sugar to any beverage and food
in general. Our study focused on changes in added sugar, coffee
whitener, and cream in the context of coffee consumption. A previous
publication using the same cohorts showed that an increase in tea
consumption did not attenuate long-term weight gain [7]. However, the
observed association between adding sugar and weight gain is likely to
apply to other beverages, including tea.

The use of coffee whitener and cream was not associated with weight
gain in our study. The metabolic effects of these products are likely to
depend on the specific composition, which often includes glucose-based
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sweetener and fat as ingredients [33]. Because our FFQ did not capture
the exact coffee whitener products used by the participants, our findings
cannot provide more conclusive data for specific products.

Adding milk to coffee was not specifically captured in the FFQs
and, therefore, was not examined. However, its impact on weight
management is likely less relevant given that the findings from the
same cohorts showed that increased milk intake was not associated
with long-term weight gain [7].

A principal bioactive compound of coffee is caffeine, an adenosine-
receptor antagonist, shown to increase activity of the sympathetic
nervous system and energy expenditure [8]. In both caffeinated and
decaffeinated coffee, chlorogenic acid is considered to exert an anti-
obesity effect [34], providing reasonable biological mechanisms for the
inverse association between increases in both caffeinated and decaf-
feinated coffee consumption and weight change in our current study.

The second part of our study investigated the possible effect of the
modification of sugar on weight through concomitant coffee or caffeine
intake with added sugar. Our research was driven by the hypothesis that
the caffeine caused stimulation of the sympathetic nervous system,
resulting in an increase in energy expenditure, which could make the
body burn the extra calories provided by the teaspoon of sugar faster
when both intakes occur simultaneously [35]. However, our overall
results did not support this hypothesis as decaffeinated coffee did not
modify the association between adding sugar and weight gain either.
These results imply that increasing added sugar and coffee consump-
tion influence weight change independently from each other.

As the main caffeine source was coffee in our cohorts, we could not
study caffeine independently from coffee. The absence of an effect
modification by caffeine or coffee on the relationship between adding
sugar and weight change calls into question the overemphasized calorie
burning effect in advertisements for energy drinks. More research is
needed to investigate the effects of energy drinks on weight gain and
health in general.

Our study had several strengths: First, we used 3 independent, large
prospective cohorts with detailed information on diet, lifestyle habits,
and health. The “changes on changes” analysis approach capitalizes on
the repeated measures of diet and long-term follow-ups of cohorts.
Second, our linear regression models were simultaneously adjusted for
multiple diet and lifestyle factors. In previous studies, the changes in diet
and lifestyle factors were largely independent from each other (corre-
lation r<0.1) [29]. Third, we examined the association between adding
sugar and weight change with coffee and from coffee independently,
providing insight into a potential effect modification through coffee and
caffeine, respectively. Fourth, despite the inevitable source of error from
self-reported diet, coffee was one of the most accurately reported items
on the validated FFQs and, therefore, provided reliable information for
assessment of changes in beverage and diet intake [19,20,22].

Our study had several limitations. First, our study cohorts do not
represent the general population because they were primarily white US
health care professionals, and therefore, the findings might not be
generalizable to other groups. Second, as coffee was the dominant
source of caffeine in our cohorts, we could not study the role of caffeine
in other caffeinated beverages, such as energy drinks. The absence of
effect modification in the relationship between sugar-sweetening and
weight gain through caffeine is considered a preliminary result and
needs replication in other cohorts with higher consumption of caffeine
from diverse sources. Third, our study did not have information on
adding artificial sweeteners to coffee as an alternative to sugar. Fourth,
our study did not capture commercial sugar-sweetened coffee drinks
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with higher caloric load. Fifth, body weight was self-reported by par-
ticipants; however, self-reported weight was highly correlated with
measured weight in our subcohorts [23]. Finally, because of the
observational nature of our analysis, cautions are warranted to make
any causal inferences.

Conclusions

In our study, an increase in both caffeinated and decaffeinated
coffee was associated with a reduction in weight gain over 4 years in
both males and females. Adding a teaspoon of sugar largely counter-
acted coffee’s benefit for weight management, as it was associated with
additional weight gain. Our results may be particularly relevant as an
effective weight management strategy among people with overweight
and obesity, as the observed weight gain associated with adding sugar
was higher in these participants.

The findings raise questions about a potentially even more detri-
mental impact on weight by commercial coffee drinks with higher
amounts of added sugar. Despite the moderate magnitude of the as-
sociations between coffee habits and weight change, our findings have
important public health relevance given the widespread consumption
of coffee and the high prevalence of overweight and obesity globally.
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