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Background: Caffeine is the world’s most widely used
central nervous system stimulant, with approximately 80%
consumed in the form of coffee. However, studies that
analyze prospectively the relationship between coffee or
caffeine consumption and depression risk are scarce.

Methods: A total of 50 739 US women (mean age,63
years) free of depressive symptoms at baseline (in 1996)
were prospectively followed up through June 1, 2006.
Consumption of caffeine was measured from validated
questionnaires completed from May 1, 1980, through
April 1, 2004, and computed as cumulative mean con-
sumption with a 2-year latency period applied. Clinical
depression was defined as self-reported physician-
diagnosed depression and antidepressant use. Relative
risks of clinical depression were estimated using Cox pro-
portional hazards regression models.

Results: During 10 years of follow-up (1996-2006), 2607
incident cases of depression were identified. Compared with

women consuming 1 or less cup of caffeinated coffee per
week, the multivariate relative risk of depression was 0.85
(95% confidence interval, 0.75-0.95) for those consum-
ing 2 to 3 cups per day and 0.80 (0.64-0.99; P for trend
�.001) for those consuming 4 cups per day or more. Mul-
tivariate relative risk of depression was 0.80 (95% confi-
dence interval, 0.68-0.95; P for trend=.02) for women in
the highest (�550 mg/d) vs lowest (�100 mg/d) of the 5
caffeine consumption categories. Decaffeinated coffee was
not associated with depression risk.

Conclusions: In this large longitudinal study, we found
that depression risk decreases with increasing caffein-
ated coffee consumption. Further investigations are
needed to confirm this finding and to determine whether
usual caffeinated coffee consumption can contribute to
depression prevention.
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C AFFEINE (1,3,7-TRIMETH-
ylxanthine) is the world’s
most frequently ingested
psychoactive substance,1

with approximately 80%
consumed in the form of coffee.2 How-
ever, its effect on depression is poorly
understood and is understudied. To our
knowledge, only 1 prospective study3

among men has examined the associa-
tion between coffee consumption and
depression risk, reporting a significant
inverse association between coffee drink-
ing and depression but no association
with tea or other caffeinated beverages.
In 3 cohort studies, 2 from the United
States and 1 from Finland,4-6 strong
inverse associations have been reported
between coffee consumption and suicide,
which is strongly associated with depres-
sion, and a J-shaped relationship was
noted for coffee and suicide risk in a
Finnish cohort.6

Depression is a chronic and recurrent
illness that affects twice as many women

as men,7 and approximately 20% of US
women will be affected during their life-
time.8 Identification of risk factors for de-
pression among women and the develop-
ment of new preventive strategies are,
therefore, a public health priority. Thus,

we accessed data from the Nurses’ Health
Study, a large cohort of women, to exam-
ine prospectively whether caffeine con-
sumption or intake of certain caffeinated
beverages is associated with the risk of
depression.

METHODS

STUDY POPULATION

The Nurses’ Health Study is a prospective co-
hort of 121 700 US female registered nurses
aged 30 to 55 years at enrollment in 1976. Ev-
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ery 2 years, participants provide updated information via mailed
questionnaires regarding lifestyle, medical history, and newly
diagnosed medical illnesses. Women were first asked to re-
port their use of antidepressants in 1996 and their history of
physician-diagnosed depression in 2000. A total of 97 103
women had completed a 1996, 1998, or 2000 questionnaire.
To examine prospectively the relationship of caffeine consump-
tion to depression, we excluded from the analyses those women
who could have had depression before 1996. This group in-
cluded 35 892 women with an incomplete depression history
(ie, those who did not report their depressive status in 1996,
1998, or 2000 or did not return or answer the Mental Health
Index [MHI] questionnaire9-11 [a 5-item subscale of the 36-
Item Short-Form Health Survey] in 1992 or 1996), as well as
women who reported taking antidepressants in 1996 (n=2052)
or had a physician-diagnosed episode of depression in 1996 or
earlier (n=3445), those with an unknown start date (n=131),
or those who reported severe depressive symptoms (score, �52)
on the 1992 (n=2381) or 1996 (n=2271) MHI questionnaire.
A total of 50 931 women were considered depression free in
1996 and comprised the baseline population for the current
analyses. After excluding those who had missing values for ex-
posure variables (n=192), the final 1996 baseline population
comprised 50 739 women. The study protocol was approved
by the institutional review boards of Brigham and Women’s Hos-
pital and the Harvard School of Public Health.

ASSESSMENT OF EXPOSURE

In 1980, 1984, 1986, 1990, 1994, 1998, and 2002, caffeine con-
sumption and other dietary variables among participants were
assessed using a semiquantitative food frequency question-
naire.12 Among items on these questionnaires were coffee (caf-
feinated and decaffeinated), tea (nonherbal), caffeinated soft
drinks (sugared or low-calorie colas), caffeine-free soft drinks
(sugared or low-calorie caffeine-free colas or other carbonated
beverages), and chocolate. All the food frequency question-
naires addressed the usual consumption during the previous
12 months of a specified amount (eg, 1 cup for coffee and tea,
1 glass or can for soft drinks, and 1 bar or packet for choco-
late) and allowed 9 possible response categories, ranging from
never to 6 or more per day. Consumptions of nutrients and caf-
feine were calculated, as described elsewhere,12 primarily using
concurrent US Department of Agriculture food composition data.
In these calculations, we assumed that the content of caffeine
was 137 mg per cup of coffee, 47 mg per cup of tea, 46 mg per
can or bottle of soft drink, and 7 mg per serving of chocolate.
The food frequency questionnaires have been evaluated in de-
tail with regard to reproducibility and validity.12-14 The valida-
tion studies revealed high correlations between self-reported
coffee consumption according to the food frequency question-
naires and the 2 or 4 weeks of diet records (r=0.78).13 High
correlations also were observed for other caffeinated bever-
ages (tea: r=0.93; soft drinks: r=0.84).

CASE ASCERTAINMENT

Incident depression was defined as reporting a new diagnosis
of clinical depression and beginning regular antidepressant use
(in the past 2 years). In 2000, participants were asked to re-
port the year of their first diagnosis of clinical depression (1996
or before, 1997, 1998, 1999, or 2000). Thereafter, this infor-
mation was updated biennially through December 31, 2006.
The question regarding regular antidepressant medication use
was first asked in 1996 and then biennially updated through
2006. Hence, answers to the 1996 questionnaire cycle were con-
sidered to be the baseline.

COVARIATES ASSESSMENT

Demographic, lifestyle behavior, and comorbidity informa-
tion were collected using the standardized questionnaires mailed
to the nurses. In the baseline questionnaire (in 1996), we re-
quested information about age, weight, smoking status, meno-
pausal status, use of postmenopausal hormone therapy, and pre-
viously diagnosed medical conditions, including diabetes
mellitus, cancer, myocardial infarction or angina, and high blood
pressure. This information has been updated in the biennial
follow-up questionnaires. Information regarding marital sta-
tus, retirement, and social or community group involvement
(eg, “How many hours each week do you participate in any
church, volunteer, or other community group?”) was deter-
mined at baseline and updated in 2000 and 2004. Participants
were asked to report the hours spent per week on moderate
(eg, brisk walking) and vigorous (eg, strenuous sports and jog-
ging) exercise, then the total hours of metabolic equivalent tasks
per week were estimated on the basis of the metabolic equiva-
lent task score assigned to each activity.15 Dietary variables were
assessed using a validated semiquantitative food frequency ques-
tionnaire.12 Mental health was assessed using the 36-Item Short-
Form Health Survey in the 1996 questionnaire. The MHI score
was categorized as 86 through 100, 76 through 85, and 53
through 75.

STATISTICAL ANALYSIS

To reduce random measurement error, instead of using a
single measurement, analyses were conducted using the cu-
mulative mean caffeine consumption from all the available
questionnaires before the beginning of each 2-year follow-up
period.16 Because our last food frequency questionnaire used
before baseline was in 1994, our analyses imply a latency of
exposure of a minimum of 2 years. For example, the cumula-
tive mean caffeine consumption information from 1980
through 1994 was used to predict clinical depression episodes
in 1996 through 1998, consumptions from 1980 through
1994 for the 1998 through 2000 follow-up period, intakes
from 1980 through 1998 for the 2000 through 2002 follow-up
period, and so forth. Similar analyses were conducted for cat-
egories of coffee consumption and other sources of caffeine.
Person-years of follow-up were calculated from the date of re-
turn of the 1996 questionnaire to the return date of the ques-
tionnaire with first occurrence of depression, date of death,
and end of follow-up (June 1, 2006) or the return date of the
participants’ last questionnaire, whichever was earlier. Cox
proportional hazards models, stratified by age in months and
questionnaire cycle, were used to estimate the relative risks
and their 95% confidence intervals (CIs) of developing clini-
cal depression. All relevant covariates that remained signifi-
cant at P� .20 in the multivariate model and made an impor-
tant difference in the exposure effect estimate (ie, more than a
10% change in relative risks) were kept in the final multivar-
iate model.17 Initially, the relative risks were adjusted for
known and putative risk factors of depression, including cur-
rent postmenopausal hormonal use (binary); body mass in-
dex (calculated as weight in kilograms divided by height in
meters squared; �25.0, 25.0-29.9, �30.0); marital status
(married or partnered; widowed; separated, divorced, or
single); social or community group involvement (binary);
smoking (never smoked, past smoker, current smoker); total
energy intake (continuous); physical activity (quintiles); re-
tirement (binary); self-reported history of diagnosis of diabe-
tes (binary), cancer (binary), myocardial infarction or angina
(binary), and high blood pressure (binary); and the MHI score
(86-100, 76-85, 53-75) in 1996, as in a previous study.18 In
the sensitivity analysis of the multivariate model, a minimum
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latency of 8 years was applied (ie, cumulative mean consump-
tion from 1980-1986 was used for the 1996-1998 follow-up
period, consumption from 1980-1990 for the 1998-2000 fol-
low-up period, and so forth). It is well known that the half-life
of caffeine is reduced by 30% to 50% in smokers and doubled
in women taking oral contraceptives or other exogenous
forms of estrogen.19 Therefore, we tested the interactions be-
tween these factors and caffeine or coffee consumption for de-
pression risk. Because a significant percentage of depressed
patients might never receive treatment and some proportion
of those who do may receive treatment other than antidepres-
sants, we repeated our main analyses using a broader defini-
tion of depression that required a physician diagnosis or the
use of antidepressants (eTable; http://www.archinternmed
.com). All analyses were performed with SAS software, ver-
sion 9.1 (SAS Institute, Inc, Cary, North Carolina). All P val-
ues reported are 2-sided.

RESULTS

Participant characteristics according to categories of
caffeinated coffee consumed are presented in Table 1.
Compared with women with least frequent consump-
tion of coffee, regular coffee drinkers were more likely
to be current smokers and to consume more alcohol;
were less likely to be involved in church, volunteer, or
community groups; and reported a lower prevalence of
obesity, high blood pressure, and diabetes mellitus. In
this cohort, 6669 women (13.1%) reported that they
never drink caffeinated coffee. In 1994, the most recent
measure of diet before baseline, mean caffeine con-
sumption was 236 mg/d for the entire cohort and
ranged from 73 mg/d in women drinking �1 cups of

Table 1. Age-Standardized Characteristics of the Cohorta

Variable

Caffeinated Coffee Consumptionb

�1 Cup/wk 2-6 Cups/wk 1 Cup/d 2-3 Cups/d �4 Cups/d

No. of women 12 215 6617 17 234 12 290 2383
Age, mean (SD), y 62.7 (7.3) 63.8 (7.0) 63.3 (7.0) 62.8 (6.7) 62.1 (6.6)
BMI, mean (SD) 26.4 (5.2) 26.4 (5.0) 26.2 (4.9) 26.0 (4.7) 25.8 (4.7)
Physical activity, mean (SD), MET/wk 18.7 (21.1) 19.6 (25.5) 19.3 (22.5) 18.9 (22.0) 17.5 (22.0)
Daily intake in 1994, mean (SD)

Total energy, kcal 1695 (503) 1720 (503) 1729 (499) 1770 (512) 1791 (533)
Alcohol, % energy, kcal 2.9 (4.0) 3.1 (4.1) 3.6 (4.3) 3.9 (4.4) 3.6 (4.4)
Caffeine, mgc 73 (75) 127 (110) 232 (165) 386 (180) 649 (220)
Decaffeinated coffee, No. of cups 0.5 (0.9) 0.8 (1.1) 0.7 (1.1) 0.5 (1.1) 0.3 (1.0)
Tea, No. of cups 0.9 (1.3) 0.7 (1.0) 0.6 (0.9) 0.5 (0.8) 0.3 (0.8)
Chocolate, No. of bars or packets 0.1 (0.2) 0.1 (0.2) 0.1 (0.2) 0.1 (0.2) 0.1 (0.2)
Caffeinated sugared soft drink, No. of glasses or cans 0.1 (0.3) 0.1 (0.2) 0.1 (0.2) 0.1 (0.3) 0.1 (0.3)
Caffeinated low-calorie soft drink, No. of glasses or cans 0.2 (0.6) 0.2 (0.5) 0.2 (0.5) 0.3 (0.6) 0.2 (0.6)

MHI score, %d

�86 45.2 44.2 43.9 42.7 44.8
76-85 35.1 37.4 36.6 37.2 35.3
53-75 19.5 18.2 19.3 19.9 19.4

White, % 97.3 97.3 98.2 98.8 99.0
Involved in church, volunteer, or community group �1 h/wk, % 67.8 66.2 61.5 59.4 54.3
Retired, % 49.1 49.8 48.8 49.2 50.0
Marital status, %

Married or partnered 81.5 81.2 79.4 78.3 73.2
Widowed 12.4 12.6 13.4 14.1 17.4
Separated, divorced, or single 6.1 6.2 7.3 7.6 9.4

Current menopausal hormones, % 41.4 42.3 41.3 40.0 34.6
Reported diagnosis, %

Myocardial infarction or angina 4.0 4.0 3.8 3.0 2.9
High blood pressure 31.0 32.7 30.1 26.5 22.5
Diabetes mellitus 5.3 4.8 3.9 3.7 2.5
Cancer 6.7 6.6 6.7 6.0 6.8

Smoking status, %
Never smoker 60.1 51.9 44.0 35.5 25.0
Past smoker 34.9 42.8 47.5 49.0 40.3
Current smoker 5.0 5.3 8.5 15.5 34.7

BMI, %
�25.0 46.4 46.3 47.1 47.3 47.9
25.0-29.9 32.4 33.8 33.9 34.8 34.8
�30.0 20.9 19.7 18.8 17.7 17.1

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided by height in meters squared); MET, metabolic equivalent of task; MHI, Mental
Health Index (a 5-item subscale of the 36-Item Short-Form Health Survey).

aAll characteristics are for 1996, except if otherwise indicated. Caffeinated coffee consumption was computed as the cumulative mean from 1980 through 2002.
bOne cup equals 150 mL.
cCalculated from coffee and noncoffee sources (tea, soft drinks, and chocolate) and adjusted for total energy intake with residual model.
dScores were measured in 1996; a higher score denotes better mental health.
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coffee per week to 649 mg/d in women drinking 4 cups
or more per day. Caffeinated coffee contributed to
81.7% of total daily consumption of caffeine, but tea
contributed to 12.7% and caffeinated soft drinks to
5.7%. Caffeinated coffee consumption was negatively
correlated with decaffeinated coffee (r=−0.13) and tea
(r=−0.19) consumption.

Among the 50 739 women who were free of clinical
depression or severe depressive symptoms at baseline,
we documented 2607 incident cases of clinical depres-
sion during the 10-year (463 462 person-years) fol-
low-up (1996-2006). An inverse, age-adjusted, dose-
response relationship was observed between caffeinated
coffee and depression risk (P for trend=.03) (Table 2).
This inverse gradient became slightly stronger after ad-
justing for all covariates, mainly reflecting negative
confounding by smoking status. Similar results were

noted when we ran our multivariate models with a
minimum latency of 8 years of exposure (Table 2, sen-
sitivity model). We also observed similar risk estimates,
somewhat stronger for caffeinated coffee, when we used
the broader definition of depression that required a
physician diagnosis or the use of antidepressants
(eTable). Further adjustment for alcohol intake did not
materially affect the results.

To evaluate whether the association between caf-
feine and depression risk could be explained by compo-
nents of coffee other than caffeine, we examined the as-
sociation between decaffeinated coffee and depression
(Table 3). After controlling for caffeinated coffee and
other covariates, compared with women with the low-
est consumption of decaffeinated coffee (�1 cup per
week), the risk of depression was increased for higher
consumption, with the exception of the very highest con-

Table 2. Relative Risks (95% CIs) of Clinical Depression According to Caffeinated Coffee Consumptiona

Variable

Caffeinated Coffee Consumption

�1 Cup/wk 2-6 Cups/wk 1 Cup/d 2-3 Cups/d �4 Cups/d P for Trend

No. of cases 670 373 905 564 95 . . .
Person-years 113 305 63 322 163 256 105 619 17 960 . . .
Age-adjusted

modelb
1 [Reference] 1.02 (0.90-1.16) 0.96 (0.87-1.06) 0.90 (0.80-1.01) 0.88 (0.71-1.09) .03

Multivariate modelc 1 [Reference] 1.00 (0.88-1.14) 0.92 (0.83-1.02) 0.85 (0.75-0.95) 0.80 (0.64-0.99) �.001
Sensitivity modeld 1 [Reference] 0.96 (0.84-1.01) 0.98 (0.88-1.09) 0.88 (0.78-0.98) 0.82 (0.68-0.98) .005

Abbreviations: CI, confidence interval; ellipses, not applicable.
aCoffee consumption was computed as the cumulative mean from 1980 through 2002 (see the Methods section of the text). Clinical depression is defined as

physician-diagnosed depression and antidepressant medication use (1996-2006).
bAdjusted for age (continuous) and interval.
cFurther adjusted for total energy intake (continuous); current menopausal hormones (binary); smoking status (never, past, or current smoker); body mass

index (�25, 25-29.9, or �30) (calculated as weight in kilograms divided by height in meters squared); physical activities (quintiles); marital status (married or
partnered; widowed; or separated, divorced, or single); not involved in church, volunteer, or community group (binary); retired (binary); reported diagnosis of
diabetes mellitus (binary), cancer (binary), high blood pressure (binary), or myocardial infarction or angina (binary); and Mental Health Index score (86-100,
76-85, or 53-75) in 1996.

dThe same as the multivariate model but using a minimum latency of exposure of 8 years (see the Methods section of the text).

Table 3. Relative Risks (95% CIs) of Clinical Depression According to Decaffeinated Coffee Consumptiona

Variable

Decaffeinated Coffee Consumption

�1 Cup/wk 1-4 Cups/wk 5-6 Cups/wk 1 Cup/d �2 Cups/d P for Trend

No. of cases 1413 355 154 560 125 . . .
Person-years 258 704 59 296 23 743 95 469 26 249 . . .
Age-adjusted modelb 1 [Reference] 1.12 (1.00-1.26) 1.25 (1.05-1.47) 1.10 (1.00-1.21) 0.87 (0.72-1.04) .77
Multivariate modelc 1 [Reference] 1.12 (1.00-1.26) 1.24 (1.05-1.46) 1.09 (0.98-1.20) 0.84 (0.70-1.01) .89
Sensitivity modeld 1 [Reference] 1.09 (0.95-1.25) 1.00 (0.83-1.21) 1.15 (1.04-1.28) 0.85 (0.73-0.99) .75
Excluding coffee drinkerse

No. of cases 521 141 56 262 63 . . .
Person-years 89 993 23 150 9553 41 443 12 487 . . .

Multivariate modelc 1 [Reference] 1.05 (0.87-1.27) 1.04 (0.79-1.38) 1.07 (0.92-1.24) 0.80 (0.61-1.05) .45

Abbreviations: CI, confidence interval; ellipses, not applicable.
aCoffee consumption was computed as the cumulative mean from 1980 through 2002 (see the Methods section of the text). Clinical depression is defined as

physician-diagnosed depression and antidepressant medication use (1996-2006).
bAdjusted for age (continuous) and interval.
cFurther adjusted for total energy intake (continuous); current menopausal hormones (binary); smoking status (never, past, or current smoker); body mass

index (�25.0, 25.0-29.9, or �30.0) (calculated as weight in kilograms divided by height in meters squared); physical activities (quintiles); marital status (married
or partnered; widowed; or separated, divorced, or single); not involved in church, volunteer, or community group (binary); retired (binary); reported diagnosis of
diabetes mellitus (binary), cancer (binary), high blood pressure (binary), or myocardial infarction or angina (binary); and Mental Health Index score (86-100,
76-85, or 53-75) in 1996.

dThe same as the multivariate model but using a minimum latency of exposure of 8 years (as shown in the Methods section of the text).
eWomen drinking 1 or more cups of caffeinated coffee per day were excluded (1043 cases remaining).
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sumption category (�2 cups per day). After further ex-
cluding women drinking 1 or more cups per day of caf-
feinated coffee to avoid contamination by caffeinated
coffee consumption, no significant association was noted
between decaffeinated coffee and depression. In addi-
tion, no associations were found between caffeinated tea
(P for trend=.92), sugared soft drink (P for trend=.58),
or chocolate (P for trend=.89) consumption and depres-
sion risk (data not shown).

An inverse dose-response relationship was observed
between caffeine consumption and depression risk in our
multivariate model (P for trend=.02, Figure). Com-
pared with the group that consumed the least caffeine
(�100 mg/d), the multivariate relative risk for depres-
sion in the group consuming the highest amount of
caffeine (�550 mg/d) was 0.80 (95% CI, 0.68-0.95).
Because coffee contributes most to total caffeine con-
sumption, we examined the association between caf-
feine from noncoffee sources and depression risk after
excluding women who consumed 1 or more cups of caf-
feinated coffee daily (21 016 women and 1043 cases re-
maining). No significant association was found be-
tween caffeine from noncoffee sources and depression
risk (P for trend=.18). Compared with the lowest amount
of caffeine from noncoffee sources (�50 mg/d), the mul-
tivariate relative risk for depression was 0.99 (95% CI,
0.84-1.15) for consumption of 50 to 100 mg/d, 0.89 (0.71-
1.11) for 100 to 150 mg/d, and 0.85 (0.63-1.14) for con-
sumption of 150 mg/d or more (data not shown). For the
1089 women (49 cases) who consumed 150 mg/d of caf-
feine or more from these sources, the wide CI included
the null value and the relative risk seen for caffeine from
coffee.

A marginally significant interaction (P= .06) was
noted between current smoking (yes/no) and caffein-
ated coffee consumption (cups per day) for depression
risk. For each increase of caffeinated coffee of 2 cups
per day, the multivariate relative risk for depression was
0.78 (95% CI, 0.66-0.93) for current smokers (263
cases) and 0.95 (0.89-1.01) for never and past smokers
(2344 cases). However, interaction between current
menopausal hormone use (yes/no) and caffeinated cof-
fee consumption (cups per day) was not significant
(P=.42) for depression risk.

COMMENT

In this large prospective cohort of older women free of
clinical depression or severe depressive symptoms at
baseline, risk of depression decreased in a dose-
dependent manner with increasing consumption of caf-
feinated coffee. Consumption of decaffeinated coffee
was not associated with reduced risk of depression.
Most previous studies20-28 that investigated the relation-
ship between caffeine or coffee consumption and
depression were cross-sectional and thus unable to
determine whether coffee consumption affects depres-
sion or vice versa. The only previous prospective study3

was conducted in Finland in a population-based cohort
of 2232 men; 49 cases of depression were identified
after a 17.5-year follow-up through the national hospi-

tal discharge register. In this cohort, the multivariate-
adjusted relative risks of depression were 0.28 (95% CI,
0.08-0.96) for light coffee drinkers (�375 mL/d), 0.45
(0.16-1.29) for moderate coffee drinkers (375-813
mL/d), and 0.23 (0.06-0.83) for heavy coffee drinkers
(�813 mL/d) compared with nondrinkers. Although no
associations were observed for quartiles of caffeine con-
sumption, an inverse association could have been
obfuscated by the high caffeine consumption of the
lowest quartile (up to 425 mg/d) and by the small
sample size. In 2 US cohort studies,4,5 a lower risk of
suicide has been reported with higher coffee consump-
tion. However, a J-shaped association was noted for cof-
fee and suicide risk in a cohort study from Finland. The
risk of suicide decreased progressively until coffee con-
sumption reached 6 to 7 cups per day but increased
with consumption of 8 to 9 cups per day and 10 or
more cups per day.6 It is possible that persons with
more severe forms of depression used very high doses
of coffee as a form of self-medication that was, never-
theless, insufficient to elevate their mood. We observed
an inverse dose-response relationship between caffeine
or caffeinated coffee consumption and depression risk,
but we were unable to address the effects of very high
consumption because only 0.52% of our participants
drank 6 or more cups per day of caffeinated coffee.
Also, we did not see a relationship between caffeine
from noncoffee sources and depression risk, perhaps
due to insufficient power, particularly after those who
consume 1 or more cups of caffeinated coffee daily were
excluded.

In North America and in many European countries,
coffee and tea are the primary dietary sources of caffeine
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Figure. Multivariate-adjusted relative risks (RR) of clinical depression
according to caffeine consumption (P for trend=.02). Error bars indicate
95% confidence intervals. Caffeine was calculated from coffee and noncoffee
sources (tea, soft drinks, and chocolate) and adjusted for total energy intake
with a residual model. Adjusted for age (continuous); interval; total energy
intake (continuous); current menopausal hormones (binary); smoking status
(never, past, or current smoker); body mass index (�25.0, 25.0-29.9, or
�30.0) (calculated as weight in kilograms divided by height in meters
squared); physical activities (quintiles); marital status (married or partnered;
widowed; or separated, divorced, or single); not involved in a church,
volunteer, or community group (binary); retired (binary); reported diagnosis
of diabetes mellitus (binary); cancer (binary); high blood pressure (binary);
or myocardial infarction or angina (binary); and Mental Health Index score
(86-100, 76-85, 53-75) in 1996.
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for adults.2 According to the US Department of Agricul-
ture survey data (1994-1996 and 1998), 90% of the US
adult population consumed caffeine, and mean consump-
tion ranged from 166 to 336 mg/d.2 Coffee accounts for
approximately 81% of the total daily caffeine consumed
by adults older than 36 years.2 The elimination half-life
of caffeine can be influenced by many factors, including
sex, use of oral contraceptives or other exogenous forms
of estrogen (approximately twice as long among users),
and smoking (reduced by 30%-50%).19 At doses lower
than 10 mg/kg of caffeine, the half-life ranges from 2.5
to 4.5 hours.19 The significant interaction that we noted
between caffeinated coffee and current smoking was un-
expected and may be due to chance. Alternatively, caf-
feine may antagonize the adverse effects of smoking on
depression through still-unknown mechanisms or may
interact with genetic factors that predispose patients to
smoking and depression.29

Long-term caffeine consumption has several biologi-
cal effects that should be taken into account when con-
sidering the plausibility of its potential to reduce de-
pression risk. At low to moderate doses, caffeine has
well-known psychostimulant effects, such as improved
psychomotor performance, increased vigilance, el-
evated arousal (ie, lesser somnolence and greater acti-
vation), and increased sensations of well-being and
energy.30,31 The known effects of caffeine are dose de-
pendent but typically biphasic (ie, low doses are per-
ceived as pleasant and stimulating, but the reverse effect
is observed with higher doses).32 Most individuals seem
to adapt their caffeine consumption to their own level
of tolerance so that their habitual consumption level is
within the range between reinforcing and aversive ef-
fects.32 Caffeine affects brain function mainly by its an-
tagonist action on the adenosine A2A receptor and,
therefore, plays a role in the modulation of dopaminer-
gic transmission.30,33 The antagonist effect of caffeine on
adenosine also might imply nondopaminergic mecha-
nisms, such as modulation of the release of acetylcho-
line and serotonin.30

The major strengths of this study include its large sample
size, prospective design, and repeated measures of caf-
feine, caffeinated beverages, and other covariates, which
relied on the use of validated food frequency question-
naires administered 7 times during a period of 22 years.
This study also has limitations; thus, the results should
be interpreted with caution. First and foremost, because
of its observational design, this study cannot prove that
caffeine or caffeinated coffee reduces the risk of depres-
sion but only suggests the possibility of such a protective
effect. Reverse causation is another concern in most epi-
demiologic studies. To minimize this bias, we excluded
at baseline 10 280 women with severe depressive symp-
toms and we computed the cumulative mean of caffein-
ated and noncaffeinated beverages with at least a 2-year
latency; yet, we cannot exclude the possibility that mild
depressive symptoms were the common reason for low caf-
feine consumption and incident depression. Further-
more, we confirmed the robustness of our results in sen-
sitivity analyses using at least an 8-year lag of exposure.

In individuals with a particular genetic background34

or who are otherwise sensitive, caffeine might induce

sleep disturbances and insomnia35 or anxiogenic ef-
fects.20,36,37 It is possible that sleep-sensitive or anxious
women are aware of the stimulatory effects of caffeine
and lower their consumption accordingly. Thus, a simi-
lar behavior among depressed women or women pre-
disposed to depression in our cohort might explain our
results because most late-life depression occurs among
women who have already had previous episodes38; lack-
ing a lifetime history of depression, we cannot exclude
this possibility. Biased relative risk estimates also may
result from error in assessing caffeine consumption.
Dietary validation studies, however, have indicated
that the frequency of coffee consumption reported on a
food frequency questionnaire is highly reproducible
(r=0.78) and agrees well with assessments using diet
records.13 Although between-person variation in cup
size and strength of the coffee brew probably has con-
tributed to some random misclassification with regard
to the exposure, this would be more likely to weaken
rather than to strengthen observed associations be-
tween coffee consumption and depression risk. Finally,
some outcome misclassification bias is inevitable be-
cause of a combination of errors in reporting depression
and antidepressant use, low recognition of depression
by physicians,39 undertreatment of depression,40 and
use of antidepressant medication for indications other
than depression.41-43 We tried to maximize the specific-
ity of case definition, accepting as incident cases of de-
pression only those cases that occurred in women who
reported a diagnosis of clinical depression and the use
of antidepressants. This definition excludes women
with untreated depression, as well as women who used
antidepressants for a short period and were not regular
users at the time of completing a biennial question-
naire. However, to the extent that the probability of cor-
rectly classifying women with an incident case of de-
pression is independent of their dietary habits (ie,
nondifferential misclassification of outcome), the low
sensitivity of this strict case definition should not bias
relative risk estimates.44 During 10 years of follow-up,
we noted an incident rate of clinical depression of
5.6 per 1000 person-years. This incidence is not di-
rectly comparable to that observed in unselected popu-
lations because to minimize reverse causation, we
excluded women with severe depressive symptoms at
baseline, thus eliminating a group at higher risk of
depression.

In conclusion, our results support a possible protec-
tive effect of caffeine, mainly from coffee consumption,
on risk of depression. These findings are consistent
with earlier observations that suicide risk is lower
among persons with higher consumption of coffee. Fur-
ther investigations are needed to confirm this finding
and to determine whether usual caffeinated coffee con-
sumption may contribute to prevention or treatment of
depression.
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Role of the Sponsors: The funding sources were not in-
volved in the data collection, data analysis, manuscript
writing, and publication of this article.
Online-Only Material: The eTable is available at http:
//www.archinternmed.com.
Additional Contributions: We thank the Nurses’ Health
Study participants for their continuing contributions.

REFERENCES

1. Heckman MA, Weil J, Gonzalez de Mejia E. Caffeine (1, 3, 7-trimethylxanthine)
in foods: a comprehensive review on consumption, functionality, safety, and regu-
latory matters. J Food Sci. 2010;75(3):R77-R87.

2. Frary CD, Johnson RK, Wang MQ. Food sources and intakes of caffeine in the
diets of persons in the United States [published correction appears in J Am Diet
Assoc. 2008;108(4):727]. J Am Diet Assoc. 2005;105(1):110-113.

3. Ruusunen A, Lehto SM, Tolmunen T, Mursu J, Kaplan GA, Voutilainen S. Cof-
fee, tea and caffeine intake and the risk of severe depression in middle-aged Finn-
ish men: the Kuopio Ischaemic Heart Disease Risk Factor Study. Public Health
Nutr. 2010;13(8):1215-1220.

4. Klatsky AL, Armstrong MA, Friedman GD. Coffee, tea, and mortality. Ann Epidemiol.
1993;3(4):375-381.

5. Kawachi I, Willett WC, Colditz GA, Stampfer MJ, Speizer FE. A prospective study
of coffee drinking and suicide in women. Arch Intern Med. 1996;156(5):521-
525.
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EDITOR’S NOTE

Coffee Consumption and Depression Risk

D espite being widely consumed worldwide,
relatively little is known about the long-term
health effects of coffee and its main psycho-

active component, caffeine. In this issue of the
Archives, Lucas et al present the results of a large, pro-
spective epidemiological study of coffee consumption
and depression incidence, finding an inverse associa-
tion. This study makes an important contribution
because it is, to my knowledge, the first large-scale
study of coffee consumption to evaluate a mental
health outcome in women. Previous work has focused
mainly on the effects of caffeine on cardiovascular dis-
ease (generally finding no overall effect on cardiovas-

cular disease incidence or mortality), inflammation
(generally showing modest decreases in markers of
systemic inflammation), and particular types of malig-
nant neoplasms, including breast cancer and esopha-
geal cancer (generally showing no or modest protec-
tive effects). Taken together, these results reassure
coffee drinkers that there seem to exist no glaringly
deleterious health consequences to coffee consump-
tion. As health care professionals, however, it seems
premature to recommend coffee consumption until
studies with methodologies better able to determine
causality are conducted.
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