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ABSTRACT

The objective of this study was to examine the association between caffeine consumption and depressive symptoms. We used data from the 2005-06 National Health
and Nutritional Examination Surveys (NHANES). A total of 4737 individuals aged = 18 years who answered the caffeine intake and PHQ-9 questionnaires were
selected for this study. Depressive symptoms were assessed using the 9-item Patient Health Questionnaire (PHQ-9) with total scores between 0 and 27. Those with
PHQ-9 total scores = 10 were considered as having clinically relevant depression. To investigate the association of caffeine intake and PHQ-9 scores, a multiple
logistic regression was used in different models. The overall weighted prevalence of depression was 5.5% (4.3% in men and 6.6% in women). After controlling for
potential confounders (age, sex, family PIR, education, marital status, disease history, sleep disorders, thyroid problems, physical activity, social support, smoking,
total energy, and cholesterol, retinol, vitamin A, beta-carotene, beta-criptoxanthin, vitamin B1, iron, and phosphorus levels), a significant nonlinear inverse asso-
ciation between caffeine consumption and PHQ-9 scores was observed. In conclusion, caffeine's psychostimulant properties appear to protect against depressive
symptoms; however, additional prospective studies are required to ascertain whether or not caffeine consumption can lead to a decrease in depressive symptoms.

1. Introduction

Depression is a chronic and recurrent condition that presents a
major public health problem. The World Health Organization (WHO)
has estimated that approximately 4.4% of the global population suffers
from depressive disorder, and ranked depression as the single largest
contributor to global disability and non-fatal health loss (WHO, 2017).
Depression is the most prevalent psychiatric illness in the United States,
and researchers estimate that the 12-month and lifetime prevalence of
MDD was 10.4% and 20.6%, respectively (Hasin et al., 2018). Another
study based on data from the U.S. National Health and Nutrition Ex-
amination Survey from 2005-2008 reported that among adults, the
prevalence of depressive symptoms and severe depression was 22% and
0.6%, respectively (Shim et al., 2011). Depression is an important in-
dependent risk factor for many conditions, including coronary heart
disease (CHD) (Carney and Freedland, 2017), hypertension
(Gangwisch et al., 2010), diabetes (Knol et al., 2006) and suicide
(Won et al., 2016). Given considerable negative impacts of depression
on society and people, identifying risk factors for depression is a public
health priority. It has been suggested that neurobiological, psycholo-
gical, social, and genetic factors are involved in the pathogenesis of

depression (Raison et al., 2006). For instance age, sex, ethnicity, family
history of mood disorders, and chronic illness have been linked to the
risk of depression (Sullivan et al., 2000; Kessler et al., 2003; Clarke and
Currie, 2009).

Dietary is another potential modifiable factor for depression
(Jacka et al., 2011), and increasing attention has been focused on the
role of caffeine-one of the world's most frequently ingested psychoac-
tive substance (Heckman et al., 2010). Approximately 85% of the US
population (aged = 2 years) and 73% of U.S. children are reported
consuming at least one caffeinated beverage per day (Mitchell et al.,
2014) and on a given day (Branum et al., 2014), respectively.

Caffeine is a substance with a bioavailability of nearly 100% being
rapidly and completely absorbed in the gastrointestinal tract
(Blanchard and Sawers, 1983a, 1983b) and distributed to all areas of
the body. It passes through all the biological membranes (e.g., the
blood-brain barrier and the placenta) owing to its sufficiently hydro-
phobic nature (Lachance et al., 1983; Ikeda et al., 1982). Some effects
due to the intake of caffeine, includes reduced sleeping hours, ac-
celerated aggression, headache, and increased daytime sleepiness (Kang
et al., 2012; Roehrs and Roth, 2008). Although caffeine is a widely
consumed substance with prominent effects on the central nervous
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system (Deslandes et al., 2005), its impact on depression is still less
understood.

Several previous studies have investigated the association between
caffeine intake and depression, but their findings are conflicting intake.
Some studies showed a positive association (Richards and Smith, 2015;
Benko et al., 2011; Whalen et al., 2008), whereas others found an in-
verse or lack of association (Smith, 2009; Lucas et al., 2011; Pham
et al., 2014), (James et al., 1989; Ruusunen et al., 2010; Ritchie et al.,
2014) in addition to and a J-shaped association (Iranpour et al., 2017).
Moreover, prior research has limited sample sizes and solely addressed
specific age groups or sex, or patients in clinical settings. Thus, the aim
of this report was to investigate the association between caffeine intake
and depressive symptoms among in a large, nationally representative
sample of US adults.

2. Methods
2.1. Database and study subjects

For this cross-sectional study, we used publicly available data from
the 2005-06 National Health and Nutritional Examination Surveys
(NHANES). The methods and data collection procedure behind of
NHANES are described in detail elsewhere (National Center for Health
Statistics). Briefly, NHANES are a series of cross-sectional, complex,
multi-stage surveys conducted by the Centers for Disease Control and
Prevention (CDC) on nationally representative, non-institutionalized
U.S. population members in order to provide health and nutrition data.
Participants were first interviewed in their homes to collect background
information, such as socio-demographic, medical, and family histories.
They subsequently visited a mobile examination center (MEC) for the
collection of other pertinent data, including anthropometric, blood
pressure, laboratory measurements, and so on.

In the present study, we analyzed NHANES data including adults
aged = 18 years (N = 5563) collected during the 2005-2006 period.
Among the 5563 subjects (2675 men and 2888 women), 4836 had
complete data on depressive symptoms and 4737 had complete data on
both diet and depressive symptoms. Therefore, we included 4737 sub-
jects with complete dietary and depressive symptoms data in analyses.
The ethics approval for NHANES had been obtained by the National
Center for Health Statistics Research Ethics Review Board
(National Center for Health Statistics, 2012).

2.2. Assessment of depressive symptoms

Depressive symptoms were assessed using the 9-item Patient Health
Questionnaire (PHQ-9) depression scale, which consists of nine ques-
tions based on DSM-IV symptoms of depression. Each of the nine items
is scored from 0 (not at all) to 3 (nearly every day), and Summing scores
on nine items yields a total score between 0 and 27 (Kroenke et al.,
2001). In this study those with PHQ-9 total scores = 10 were con-
sidered as having clinically relevant depression (CRD) (Manea et al.,
2012). This definition has shown both sensitivity and specificity of 88%
for major depression (Kroencke et al., 2001). PHQ-9 depression scale
was included as part of the computer assisted personal interview (CAPI)
in MEC (National Center for Health Statistics, 2009).

2.3. Assessment of caffeine and dietary data

Data on caffeine intake (mg/day) and other nutrients and food items
including protein (gm), carbohydrate (gm), dietary fiber (gm), total fat
(gm), total saturated fatty acids (gm), total monounsaturated fatty acids
(gm), total polyunsaturated fatty acids (gm), cholesterol (mg), retinol
(mcg), vitamin A (mcg), alpha-carotene (mcg), beta-carotene (mcg),
beta-cryptoxanthin (mcg), thiamin (vitamin B1) (mg), riboflavin (vi-
tamin B2) (mg), niacin (mg), vitamin B6 (mg), total folate (mcg), folic
acid (mcg), vitamin B12 (mcg), added vitamin B12 (mcg), vitamin C
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(mg), vitamin K (mcg), calcium (mg), phosphorus (mg), magnesium
(mg), iron (mg), zinc (mg), copper (mg), selenium (mcg), alcohol (gm),
and energy (kcal) was obtained from the total nutrient file, which
contains summed nutrients for an individual from all foods and bev-
erages provided on the dietary recall. Amount of vitamin D (ng/ml) was
obtained from the laboratory file. Caffeine intake was calculated from
fluid (coffee, tea, and soda) and food sources (chocolate) (National
Center for Health Statistics). Participants were categorized based on the
quartiles of caffeine intake.

2.4. Assessment of covariates

During the home interview portion of NHANES 2005-2006, an in-
terviewer collected information about socio-demographic, lifestyle, and
health-related factors wusing the Sample Person and Family
Demographics questionnaires. Data included age, sex, education, eth-
nicity, marital status, family PIR (PIR = ratio of family income to
poverty threshold, with a PIR value less than 1 indicating an income
below the poverty threshold and a PIR greater than 1 indicating an
income above the poverty threshold), sleep disorders, social support,
physical activity, home status, smoking, and BMI (kg/m?).

Histories of diseases including asthma, overweight, arthritis, con-
gestive heart failure, coronary heart disease, angina/angina pectoris,
heart attack, stroke, emphysema, chronic bronchitis, liver condition,
chronic bronchitis, thyroid problems, cancer or malignancy, and pros-
tate specific antigen (PSA) test was not normal were ascertained
through the question “Has a doctor or other health professional told you
that you had [diseases]?”. The amount of hemoglobin (g/dl) was ob-
tained from the laboratory file.

2.5. Statistical analysis

Statistical analysis was conducted using the SPSS version 18 (PASW
Statistics for Windows, Chicago: SPSS Inc.). We used design-based x2
test to examine the associations of categorical variables with caffeine
intake (quartile) and PHQ-9 score (binary). We used Student's t-test and
one-way analysis of variance (ANOVA) to examine statistical differ-
ences in daily average dietary factors intake across the quartiles of
caffeine intake and the strata of PHQ-9 score.

After preliminary analyses, to control for possible confounding
variables, a logistic regression analysis using the Enter method was
performed to assess the association of caffeine intake and PHQ-9 score
in different models. We used the first quartile of caffeine as the re-
ference group.

Trend tests (p-value for trend) were performed by entering the
caffeine intake (quartile-categorical) as continuous variable, and re-
running the corresponding regression models.

Linear regression analyses were also conducted with the same
variables used in the logistic regression models.

To detect effect modification, we conducted subgroup analysis and
performed multiple linear regression analysis with the Enter method,
investigating the association between caffeine intake and PHQ-9 scores
in each category of variables and adjusting for potential confounding
variables)age, sex, family PIR, education, marital status, history of
disease, sleep disorders, thyroid problems, physical activity, social
support, smoking, total energy, cholesterol, retinol, vitamin A, beta-
caroten, betacriptoxanthin, vitamin B1, iron, phosphorus). The Wald
test was used to obtain the p-value for interaction.

Regarding the selection of the variables for inclusion in the model,
any variable that had a significant univariate test at the 0.2 level was
selected as a candidate for the multivariate analysis. In the iterative
process of variable selection, covariates were removed from the model
if they were non-significant (at the 0.1 alpha level) and not confounders
(“confounding” was evaluated as a change in any remaining parameter
estimate that was greater than 15% when compared to the full model)
(Bursac et al., 2008). In all analyses, sampling design complexity was
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b = taken into account by specifying primary sampling units (PSUs), strata,
E o S and weights using the complex samples module in SPSS. We used two
= S v year MEC exam weights for all sample estimations, and masked var-
] iance units to estimate variances (Johnson et al., 2013; Vallance et al.,
§° 2011; Loprinzi and Cardinal, 2011). Statistical significance level was set
“E’ ~ at p < 0.05.
P98 2% ~np @
EEE gi‘\:SgSzRi{'\) 3. Results
Ea8 | Caulsyg
SEd 88 K3hoa
85| THET RO @~ The overall weighted prevalence of depression overall was 5.5%,
] with 4.3% and 6.6% being in men and women, respectively.
§o Characteristics of the study subjects according to PHQ-9 scores and
% T caffeine intake are presented in Table 1.
2 § 3 a8 8@~ § There were statistically significant differences in socio-demo-
% g % R ’j 533 g 2 graphic, lifestyle, and health-related factors between the low (< 10)
é‘,‘; g g § § %’ E) E § % E and bigh (=10) PHQ—9.sc0re group (p < 0.05, with e).(ception of race/
ethnicity and hemoglobin (p = 0.11, p = 0.25, respectively). Except for
3 thyroid problems, sleep disorders, and BMI (p = 0.55, p = 0.52, and
.’go p = 0.12, respectively), statistically significant differences were found
ER for caffeine intake levels regarding socio-demographic, lifestyle and
; § §° g 5 _ g g g _ i health-related factors (p < 0.05).
RS § AR R RN ) The associations of certain nutrients intake with PHQ-9 score are
g g g RBw 888K E shown in Table 2. Except for carbohydrate, total saturated fatty acids,
- and beta-cryptoxanthin (p = 0.06, p = 0.17, and p = 0.17, respec-
- £ tively), intakes of most macro- and micronutrient were significantly
E3 different intake between the low and high PHQ-9 score group.
% E . : Approximately intakes of two-thirds of studied nutrients were sig-
E el f ?f, ~ if § E ~ ’if nificantly different across caffeine intake levels, while a lack of differ-
£5 & §| 8¢ g e E Q) ence was observed for others namely intakes of dietary fiber, beta-
E g g g RfedcRed carotene, total folate, folic acid, vitamin B12, added vitamin B12, vi-
tamin K, calcium, iron, zinc, and copper.
% Results of multivariable logistic regression analyses of caffeine in-
E S & takes (quartile) in relation to PHQ scores (binary) are displayed in
Table 3. There was no significant association between caffeine intake
§ and PHQ-9 score in non-adjusted model and model 1 (adjusted for age,
) sex, family PIR, education, marital status). (Table 4)
" g _ In Model 2 (adjusted for Model 1 plus history of disease, sleep
g3 ‘é’o = -~ _ disorders, thyroid problems, physical activity, social support, smoking)
E —E:c % fg g N [5:? fl; 2 =3 and Model 3 (adjusted for Model 2 plus total energy, cholesterol, re-
&t g1 S5c8887 g a tinol, vitamin A, beta-caroten, betacriptoxanthin, vitamin B1, iron,
E58|322xRERS phosphorus), there was a significant inverse association between caf-
o feine intake and PHQ-9 score in every quartile of caffeine.
@ Similar results were found from linear regression analyses. while
=] é. neither non-adjusted model nor model 1 found no significant associa-
Y :/) E T tion between caffeine intake and PHQ-9 scores (f = —0.09, CI. —0.24
55T H| S _d38 g -0.05, p = 0.20 and 3 = —0.002, CI: —0.17 -0.16, p = 0.98, respec-
g § E‘J ?;; % § E § § ? i g tively), model 2 and model 3 indicated statistically inverse associations
%%EE BeLRE95S (B = -0.37, c1:—0.72—0.og, p=0.03 and PB=-0.36, CIL
—0.74-0.01, p = 0.05, respectively).
In subgroup analyses, statistically significant interactions were
noted between caffeine intake and thyroid problems, social support,
§ 5 and age in relation to depressive symptoms (p = 0.04, p = 0.002,
s he p = 0.03, respectively), despite the lack of interaction for other vari-
\§ = ables.
2 e &
2 05 c§ % 'i‘;o 4. Discussion
E2VRRNVEN | T, n a large cross-sectional study of US adults, the prevalence of de-
° g pressive symptoms was higher among women than among men. In this
_ 25 study, we found an inverse association between caffeine intake and the
§ —i‘; :‘: i PHQ-9 score. Such an association appeared to be modified by thyroid
g g; i? g 9 problems, social support, and age.
Sl g 3 E g Our finding of inverse association between habitual caffeine intake
- g g ® g g and depressive symptoms is consistent with the literature. In a large
‘j: 5 % E T‘ s prospective cohort study conducted in the U.S., the risk of clinical de-
= pression (physician-diagnosed depression and antidepressant use)
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Table 2
Dietary intakes according to PHQ-9 scores and caffeine intake
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Nutrients PHQ-9 score caffeine intake(mg)
PHQ-9 < 10 PHQ-9 = 10 P-value® Quartile 1 Quartile2 Quartile3 Quartile 4 P-value®
Mean * SD Mean * SD Mean * SD Mean * SD Mean + SD Mean * SD
Vitamin D (ng/mL) 21.99 * 0.466 19.60 = 0.846 0.004 20.2 = 0.9 21.8 = 0.6 21.2 = 0.5 225 = 0.4 0.01
Energy (kcal) 2249.1 * 28.7 2057.3 = 101.0 0.050 2033.8 * 425 2084.6 *+ 64.5 2121.3 * 45.1 2371.7 + 39.1 <0.001
Protein (gm) 86.1 = 0.9 73.5 = 3.7 0.002 80.6 = 1.9 80.7 = 2.7 82.2 = 2.08 89.1 = 1.2 .004
Carbohydrate (gm) 268.2 * 3.5 248.6 * 11.2 0.06 241.8 = 6.2 258.8 + 8.1 257.1 = 4.7 279.1 = 4.4 <0.001
Dietary fiber (gm) 15.8 = 0.2 13.1 = 0.6 0.002 14.8 = 0.6 16.6 = 0.4 14.8 = 0.4 16.0 = 0.2 0.06
Total fat (gm) 85.7 = 1.5 76.0 = 4.3 0.03 76.4 = 2.5 77.9 = 2.6 78.8 = 1.9 91.6 + 1.8 <0.001
Total saturated fatty acids 28.6 = 0.5 26.1 = 1.8 0.17 25.2 * 1.02 26.4 = 0.7 26.5 = 0.6 30.5 = 0.6 <0.001
(gm)
Total monounsaturated 31.6 = 0.5 28.1 = 1.4 0.02 279 += 0.8 28.4 = 1.07 29.3 = 0.7 33.7 = 0.6 <0.001
fatty acids (gm)
Total polyunsaturated fatty 18.1 * 0.3 15.3 = 0.7 0.004 16.5 = 0.5 16.3 = 0.6 16.2 = 0.4 19.4 = 0.4 <0.001
acids (gm)
Cholesterol (mg) 297.7 * 3.7 266.7 + 15.2 0.04 281.2 = 10.0 282.2 + 11.5 2774 £ 7.6 310.8 = 6.9 0.04
Retinol (mcg) 449.1 = 11.1 352.7 * 35.7 0.01 415.5 = 31.7 497.4 = 22.3 399.8 = 13.7 457.7 = 15.2 0.006
Vitamin A, RAE (mcg) 628.8 + 11.4 470.0 = 39.0 0.001 602.3 + 43.5 703.1 + 33.7 565.8 + 19.7 629.6 + 14.5 0.01
Alpha-carotene (mcg) 367.6 + 20.0 238.4 + 33.6 0.002 399.6 + 49.9 420.04 = 72.7 305.04 = 30.7 364.01 + 20.1 0.10
Beta-carotene (mcg) 1905.5 = 51.7 1233.6 = 134.4 <0.001 1956.9 *+ 164.9 2182.5 + 238.8 1773.2 = 139.8 1821.6 *+ 58.5 0.51
Beta-cryptoxanthin (mcg) 130.6 = 5.0 103.2 = 20.0 0.17 169.7 + 16.2 149.2 = 7.9 127.3 = 9.2 116.7 = 7.7 0.03
Thiamin (Vitamin B1) (mg) 1.7 + .02 1.4 = 0.07 <0.001 1.6 = 0.09 1.6 = 0.04 1.5 + 0.03 1.7 + 0.03 0.01
Riboflavin (Vitamin B2) 2.3 = 0.03 19 = 0.1 0.006 2.04 = 0.09 2.1 = 0.06 1.9 = 0.04 2.5 = 0.03 <0.001
(mg)
Niacin (mg) 26.2 = 0.3 221 = 1.1 0.002 23.4 = 0.6 241 = 0.9 244 = 0.6 27.7 = 0.5 0.001
Vitamin B6 (mg) 2.06 = 0.03 1.6 = 0.09 0.001 1.9 = 0.08 2.04 = 0.08 1.9 = 0.04 2.1 = 0.04 0.02
Total folate (mcg) 416.6 = 5.4 339.05 = 18.1 <0.001 389.2 = 11.5 426.2 + 18.2 391.1 = 11.3 424.02 = 7.9 0.08
Folic acid (mcg) 197.6 = 4.3 146.1 = 7.1 <0.001 179.8 + 8.1 212.8 * 10.6 196.3 = 10.04 193.2 = 5.1 0.12
Vitamin B12 (mcg) 5.6 = 0.1 4.5 = 0.3 0.01 54 + 0.3 5.6 + 0.2 54 + 0.2 57 = 0.1 0.47
Added vitamin B12 (mcg) 1.04 = 0.05 0.58 *+ 0.09 0.001 09 = 0.1 1.2 = 0.1 0.9 = 0.09 1.01 + 0.06 0.33
Vitamin C (mg) 87.4 = 1.8 71.4 = 8.03 0.04 112.0 = 5.2 104.2 = 6.2 81.8 + 3.4 79.2 + 2.9 <0.001
Vitamin K (mcg) 97.9 = 2.7 77.08 + 77.08 0.01 98.8 + 6.5 106.03 + 11.8 90.8 = 5.5 96.8 = 2.4 0.50
Calcium (mg) 965.2 *+ 16.3 811.3 + 56.1 0.008 1001.9 + 46.8 990.3 + 35.6 910.1 + 22.8 960.9 + 24.01 0.30
Phosphorus (mg) 13789 * 16.5 1173.6 + 58.4 0.001 1307.4 + 44.7 1315.6 = 36.9 1295.5 + 27.8 1425.7 = 21.7 0.006
Magnesium (mg) 305.3 + 3.1 256.4 + 12.9 0.001 280.6 + 8.5 299.3 + 8.1 274.5 * 6.0 321.05 + 5.09 <0.001
Iron (mg) 16.4 = 0.1 13.2 = 0.4 <0.001 15.1 = 0.4 16.8 = 0.6 15.7 = 0.3 16.6 = 0.2 0.06
Zinc (mg) 13.05 = 0.2 10.7 = 0.4 0.003 12.7 = 1.2 12.2 = 0.3 12.9 = 0.8 13.1 = 0.2 0.48
Copper (mg) 1.4 = 0.01 1.1 = 0.05 <0.001 1.3 %= 0.06 1.4 = 0.05 1.3 = 0.04 1.4 = 0.02 0.14
Selenium (mcg) 1139 = 1.5 94.08 = 5.1 0.001 107.7 = 2.8 106.7 = 3.6 109.5 = 3.2 116.8 = 1.7 0.02

@ P-value was based on t-test
> p.value was based on ANOVA test
-Sampling design complexity is taken into account in all analyses.

decreased in a dose-dependent manner with increasing caffeine intake
(Lucas et al., 2011). Such a study also reported depression was only
associated with caffeinated coffee, not decaffeinated coffee, suggesting
that caffeine-a major compound in coffee (Rodrigues and
Bragagnolo, 2013)-may be a potentially beneficial contributor. The
inverse association between caffeine intake and depression was also
evident in some cross-sectional studies in other populations (Smith,
2009; Pham et al., 2014). The UK study of non-working participants has
shown caffeine intake from daily caffeinated drinks without including
caffeine from other sources (e.g. chocolate or medication) was asso-
ciated with a reduced risk of depression (Smith, 2009). In that study,
either caffeine intake from coffee or tea beverages exhibited similar

results. Likewise, Pham et al. 2014 found Japanese men and women
with higher caffeine intake (estimated from caffeine contents in green
tea and coffee) had a lower prevalence of depressive symptoms assessed
by the Japanese version of the Center for Epidemiologic Studies De-
pression (CES-D). Moreover, a recent systematic review and meta-
analysis of fifteen observational studies, there was an inverse associa-
tion between coffee or tea (the common sources of caffeine) intake and
the risk of depression (Kang et al., 2018).

However, some previous studies reported conflicting results. For
example, in a cross-sectional study of 2307 secondary school children
aged 11-17 years, there was a positive significant association between
total weekly caffeine intake (estimated from coffee, tea, energy drinks,

Table 3

Logistic regression analyses of association between caffeine intake and depressive symptoms.
Models Caffeine intake P for trend

Quartile 1 Reference Quartile 2 OR (95% CI) Quartile 3 OR (95% CI) Quartile 4 OR (95% CI)

Crude 1 0.65 (0.31-1.39) 0.86 (0.44-1.69) 0.69 (0.38-1.27) 0.26
Model 1 1 0.66 (0.28-1.53) 0.87 (0.44-1.71) 0.78 (0.40-1.52) 0.65
Model 2 1 0.41 (0.19-0.90) 0.49 (0.25-0.95) 0.25 (0.09-0.72) 0.04
Model 3 1 0.37 (0.14-0.97) 0.41 (0.19-0.88) 0.23 (0.06-0.80) 0.07

Model 1: Adjusted for age, sex, family PIR, education, and marital status.
Model 2: Adjusted for Model 1 plus history of disease, sleep disorders, thyroid problems, physical activity, social support, and smoking.

Model 3: Adjusted for Model 2 plus total energy, cholesterol, retinol, vitamin A, beta-caroten, betacriptoxanthin, vitamin B1, iron, and phosphorus.
-Sampling design complexity is taken into account in all analyses.
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Table 4
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Multiple linear regression analyses of association between caffeine intake and PHQ-9 scores stratified by selected factors.

Variable Coefficient (Beta) P-value P interaction

Gender male 0.00 0.75 0.25
female —0.002 0.17

Race/Ethnicity Mexican American 0.00 0.88 0.76
Other Race - Including Multi-Racial + Other Hispanic 0.001 0.64
Non-Hispanic White 0.00 0.72
Non-Hispanic Black —0.001 0.59

Marital Status Married —0.001 0.21 0.05
Widowed —0.004 <0.001
Divorced —0.001 0.46
Separated 0.019 0.002
Never married 0.00 0.91
Living with partner 0.001 0.67

History of disease Yes —0.001 0.31 0.70
No 0.00 0.87

education Less than 9th grade 0.001 0.45 0.16
9-11th grade —0.001 0.67
High School grad/GED or equivalent 0.002 0.10
Some college or AA degree —0.001 0.16
College graduate or above —0.001 0.55

Sleep disorders Yes —0.002 0.03 0.36
No 0.000 0.80

thyroid problems Yes —0.004 0.05 0.04
No 0.000 0.71

Anyone to help with emotional support Yes —0.001 0.29 0.002
No —0.004 0.02

Average level of physical activity each Sits during the day and does not walk about very much —0.003 0.26 0.68

day

Stands or walks about a lot during the day, but does not have to carry or lift things very ~ 0.00 0.56
often
Lift(s) light load or to climb stairs or hills often. 0.00 0.49
Heavy work or {carry/carries} heavy loads 0.006 0.01

Home status Owned or being bought —0.001 0.11 0.75
Rented + Other arrangement 0.00 0.76

Smoking status Every day —0.001 0.41 0.31
Some days —0.015 0.003
Not at all —0.001 0.33

Age 18-44 0.001 0.42 0.03
45-69 —0.001 0.15
=70 —0.002 0.04

Family PIR <100%) 0.003 0.02 0.53
between 101% and 200% —0.002 0.13
above 201% —0.001 0.15

BMI (kg/m**2) <20 —0.001 0.69 0.81
20 to < 25 —0.001 0.17
25 to < 30 —0.001 0.44
=30 —0.001 0.47

Hemoglobin (g/dL) <12 0.032 <0.001 0.15
=12 —0.001 0.21

Each analysis adjusted for age, sex, family PIR, education, marital status, history of disease, sleep disorders, thyroid problems, physical activity, social support,
smoking, total energy, cholesterol, retinol, vitamin A, beta-caroten, betacriptoxanthin, vitamin B1, iron, phosphorus.

-Sampling design complexity is taken into account in all analyses.

and cola) and depression in both males and females (Richards and
Smith, 2015). Depression in such study was ascertained by inquiring
participants about their frequency of experiencing depressive moods
over the previous 6 months on a five-point scale (1 = not at all,
2 = rarely, 3 = sometimes, 4 = frequently, 5 = very frequently).

Another study with a correlational nature of the data conducted on
51 children, aged 9-12 years, also found a unfavorable association
between caffeine intake and depressive symptoms, measured using the
Children's Depression Inventory (CDI) (Benko et al., 2011). Moreover, a
small study comprising participants aged from7-17 years with 30 major
depressive disorder (MDD) cases and 23 healthy controls found de-
pressed children consumed more caffeine than their healthy counter-
parts at baseline (Whalen et al., 2008). MDD in that study was de-
termined using the Schedule for Affective Disorders and Schizophrenia
in School-Age Children-Present and Lifetime version through an inter-
view.

The discrepancy between our study and previous ones (Richards and
Smith, 2015; Benko et al., 2011; Whalen et al., 2008) regarding the
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association between habitual caffeine intake and depressive symptoms
is not clear, but may partly be related to the age difference between the
populations. Indeed, we noted a significant qualitative interaction be-
tween caffeine intake and age for depressive symptoms. For each 1 mg
increment in caffeine intake, the multivariable beta for depressive
symptoms was 0.001 for those aged 18-44 years, —0.001 for those
45-69 years and —0.002 for those = 70 years. However, because of
very small effect sizes observed between the age groups as well as
presence or absence of thyroid problems and social support, further
studies are required to clarify this issue before possible explanations for
statistical or biological interaction can be made. Another possibility for
discrepancy is difference in measurement tools and definition of out-
come (depression), as well as dose of caffeine intake and characteristics
of study population.

One possible mechanism is antagonist action of caffeine on the
adenosine receptor (Fredholm et al., 1999), which occurs at levels of
caffeine that normally consumed in the diet (Fredholm, 1995). This
function leads to very important secondary effects on
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neurotransmitters, including serotonin, noradrenaline, acetylcholine,
dopamine, glutamate, and GABA (Fredholm et al., 1999). In addition,
experimental studies demonstrated that caffeine increased the release
of serotonin (Okada et al., 1999; Yokogoshi et al., 1987) and dopamine
(Borycz et al., 2007; Okada et al., 1997), suggesting that caffeine can
enhance the serotonergic system. Meanwhile, reduced activity of ser-
otonergic system plays a central role in depression, and antidepressant
drugs increases the serotonergic activity (Willner, 1985).

4.1. Strength

A major strength of our study is a large sample size that represents
the general U.S adult population. In addition, a wide range of potential
confounders including nutrients were adequately adjusted to ensure an
independent association between caffeine intake and depressive
symptoms.

4.2. Limitations

Results of our study should be interpreted with caution due to some
limitations. First, a cross-sectional study does not necessarily indicate
causality. Therefore, the possibility of reverse-causation or bidir-
ectionality cannot be disregarded. Second, random measurement errors
may not be avoidable because we used the first day of dietary recall
only, in which intra individual variation was not taken into account.
However, when dietary intake is assessed from a large sample, random
errors normally negate each other (National Center for Health
Statistics, 2018).

Third, we used a PHQ-9 score of 10 or greater as the threshold to
define depression. Although the PHQ-9 is an established and validated
tool for assessing depression (sensitivity and specificity of 88%
(Kroenke and Spitzer, 2002), some people may receive a different di-
agnosis as compared to examination by a mental health professional.
Fourth, Instead of using concentrations of caffeine in the blood obtained
from laboratory methods, we estimated the amount of caffeine based on
nutrient files. This may not have captured actual intakes of caffeine
precisely, though dietary data obtained from non-laboratory methods
are well suited to large-scale epidemiological surveys.

5. Conclusions

There was a significant inverse association between caffeine intake
and depressive symptoms. The caffeine's psychostimulant properties
appear to protect against depressive symptoms; however, further pro-
spective studies are required to elucidate whether or not increasing
caffeine intake can reduce the risk of depression.
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