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Objective: The study sought to measure the effects of caffeinated and decaffeinated coffee on affective
mood, sleep, and health-related quality of life (HRQL).

Methods: Forty-nine healthy participants between the ages of 18 and 45 took part in a randomized, double-
blind, longitudinal study with decaffeinated coffee as the control. The participants began with a 5-day wash-
out period, followed by a 5-day treatment phase, and concluded with a 5-day washout phase. Data were
analyzed with repeated-measures analysis of covariance and ordinary least-squares mediational analysis.
Results: The caffeinated coffee treatment group showed significant direct effects on sleep, anxiety, and
stress-based domains of HRQL. In addition, mediational analysis showed that the more global domains
of HRQL were affected indirectly through reduced sleep quality/quantity and through increases in anxiety.
No significant changes were noted in the decaffeinated treatment group.

Conclusions: Given the strong effect of caffeine on sleep and anxiety, as well as the indirect effect on
HRQL in this study, it might be beneficial for individuals with stress responsive illnesses to refrain from
high doses of caffeine. Further studies should examine the effects of caffeine in individuals with various
stress-related illnesses. The results of caffeine on depression are contrary to previous studies, and further
evaluations should examine variations of effects based on dosages and different populations (major depres-
sion diagnoses as well as healthy populations).
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Introduction

CAFFEINE 1S THE world’s most frequently ingested
psychoactive substance,' and the majority of the
caffeine consumed comes from drinking coffee.” It is esti-
mated that ~63% of the U.S. population drinks coffee
daily.® Although there have been some noted benefits to
caffeine (mostly cognitive functioning and attention),*®
these positive impacts are seen only at low doses of caf-
feine’ (~200 mg) and some have argued that the net effect
is still negative.® Unfortunately, significant limitations
within the current literature make it difficult to understand
whether, and under what conditions, caffeine may or may
not be beneficial.

Therefore, the effects of caffeine on affective mood,
sleep, and health-related quality of life (HRQL) are

rather unclear.” (In these studies, HRQL is operational-
ized as a self-reported sense of physical, mental, and
emotional well-being.) In some cases, caffeine has
shown a positive benefit in regards to depression and sui-
cide risk, '%"'2 but in other studies the effect has been null
for depression'? and effects for anxiety range from null
to negatively moderate.'*'® The impacts of caffeine on
sleep, although generally established in the literature as
negative (caffeine causing sleep disturbances), also re-
main unclear due to the confounding influence of other
factors (e.g., tolerance, metabolism, or caffeine content).lg’zo

Finally, only two studies exist that have examined
HRQL.B’14 In both cases, there has been no noted asso-
ciation between caffeine and HRQL. This is perplexing,
as some studies of anxiety and caffeine have been able to

link a physiological effect from caffeine®'®™'®; to this
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end, one could hypothesize that prolonged heightened
anxiety could result in lowered HRQL later on in
life.'>'* Furthermore, HRQL is considered a multi-
dimensional construct with domains ranging from phys-
ical, mental, social, and emotional health. Therefore,
some domains may be more affected by coffee and caf-
feine than others.

Although it is often assumed that caffeine use, espe-
cially higher dosage caffeine use, can have negative ef-
fects on affective mood, HRQL, and sleep, these
conclusions are often based on cross-sectional designed
studies.”! The most problematic limitation in the cur-
rent literature is the nearly universal reliance on cross-
sectional, epidemiological databases. There are numer-
ous problems with cross-sectional studies in this regard,
not the least of which is the high correlation between cof-
fee consumption and other variables that are known to re-
duce health such as tobacco and alcohol use, higher body
mass index (BMI), and reduced physical activity.'* Also,
self-selection of consumption is a key limitation to un-
derstanding the long-term health impacts of caffeine, as
a significant percentage of many countries have stopped
drinking coffee due to negative health effects.'’™"

A second limitation to the current literature is the addi-
tional substances within coffee. Studies examining the
psychological and physical health-related effects of caf-
feine have generally used pure sources of caffeine, or
self-reported caffeine intake, which includes caffeine
from multiple sources. Few studies have examined coffee
specifically. It is possible that the other substances within
coffee change or somehow modify the impacts seen from
pure caffeine studies. This hypothesis yields some cre-
dence, as studies examining the differential effects of caf-
feine and tea have shown that additional substances in tea
(specifically L-Theanine) add to the beneficial effects of
caffeine while also reducing some of the negative ef-
fects.'”” Coffee does contain hundreds of substances
whose biological effects are mostly unknown.**

In addition, even studies comparing caffeinated and
decaffeinated coffee can have limitations. The process
of both roasting and brewing coffee is one that is both
multidimensional and requires precise detail, including
the quality and exact quantity of beans used, the grinding
technique and amount, and the precise use of the ele-
ments of time and temperature.>> Therefore, to control
for these variables, we use both caffeinated and decaf-
feinated coffees, which were brewed in a standardized
fashion.

A third limitation to the existing research is the ten-
dency to examine only direct effects of caffeine, leaving
moderating and mediating effects currently unexplored.
For example, it is known that caffeine consumption re-
duces the quality and length of sleep during the
night,” but it seems to be unknown whether the reduc-
tion in sleep, as well as any other anxiety effects, indi-
rectly leads to a reduction in HRQL. Or as stated by
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Clark and Landolt*' at the conclusion of the most recent
and comprehensive meta-analysis examining the effects
of coffee and caffeine on sleep: ““...it is currently unclear
whether the reported associations among coffee, caffeine
and health are causal or purely associative, and whether
active ingredients of coffee other than caffeine have det-
rimental or beneficial health effects” (p. 7).

Therefore, this study attempts to address two issues.
First, to reduce the confounding effects of self-selection
and associated negative impact variables within existing
epidemiological studies, we sought to measure the mood,
sleep, and HRQL effects of coffee in a randomized con-
trolled trail design. If similar effects are found in this
study, these results will support the findings of the larger
scale epidemiological study. Second, we seek to take a
step forward in determining the casual relationship be-
tween coffee, sleep, and outcomes of mood and HRQL.

To achieve these goals, this study examined the effect
of caffeine in a randomized controlled trial study with 49
participants who consumed 450 mg of caffeine daily for
5 days. A decaffeinated coffee control was used to com-
pare the effect of the caffeine in coffee, as well as a way
to blind participants from the treatment.

Materials and Methods
Participants

Forty-nine healthy adults between the ages of 18 and 45
years (mean age=27.3, SD=5.7) were recruited from
graduate-level educational programs within a southern
California University. These students came from physical
therapy, behavioral health, and medical disciplines; these
graduate-level students were invited to participate in the
study if they were between the ages of 18 and 45, had
no history of Axis I mental health conditions as well as
chronic physical health limitations. Based on an a priori
power calculation using repeated-measures ANOVA
with two groups, four measurement time points, and an
assumed medium effect size 172> 0.20, the between-
within interaction effect would achieve a 1 —f > 0.95
with a total sample size n>36 (see Table 1).

Design and procedures

The study procedure was approved by the Loma Linda
University Internal Review, and it utilized a randomized,
double-blind, longitudinal design. As depicted next in
Figure 1, participants attended an informed consent
briefing before entering the study. During the initial
briefing, participants were instructed to refrain from con-
suming caffeinated products throughout the entire study.
Participants were also required to consume between 2
and 3L of liquids daily and to refrain from excessive
exercise.

Before entering the study, participants were given a
workbook, which included daily instructions, daily sur-
vey measures, and supplemental materials, such as the
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TABLE 1. CHARACTERISTICS OF STUDY PARTICIPANTS RANDOMLY ASSIGNED TO EACH TREATMENT GROUP
(CAFFEINATED VS. DECAFFEINATED COFFEE)

Regular coffee  Decaffeinated coffee
exposure (n=28)  exposure (n=21)  Total (n=49)

Height (m)
Mean (SD) 1.71 (0.11) 1.68 (0.10) 1.70 (0.10) t (47)=1.00, p=0.32
N 28 21 49
BMI (W/H?)
Mean (SD) 27.26 (6.38) 24.41 (3.67) 26.14 (5.60) t (41)=1.66, p=0.10
N 26 17 43
Gender
Males 11 7 18 )(2 (1)=0.18, p=0.70
Females 17 14 31
N 28 21 49
Age (years)
Mean (SD) 28.1 (5.7) 26.2 (5.8) 273 (5.7) t(47)=1.15,p=0.26
N 28 21 49
Ethnicity
White 15 12 27 }(2 (1)=0.06, p=0.80
Nonwhite 13 9 22
N 28 21 49
Previous coffee use
Low use (£1/2 cup) 12 9 21 }52 (2)=0.28, p=0.87
Medium use (>1/2 cup—<I1 cup) 4 4 8
Frequent use (=1 cup) 11 7 18
N 27 20 47
BMI, body mass index; SD, standard deviation.
Pre-Treatment Phase Treatment Phase Post-Treatment Phase
5 Day 5 Day Caffeine
Caffeinated — Abstinence
Coffee TX n=28
n=28
Informed 5 Day Caffeine
Consent > Abstinence
n=49 n=49 5 Day —
Decaffeinated ay e
Coffee TX = Abstinence
n=21 n=21
Day1 Day5s Day3 Day 5 Day3 Day5s
Diet Log HRQL HRQL HRQL HRQL HRQL
HRQL Mood Mood Mood Mood Mood
Mood Sleep Sleep Sleep Sleep Sleep
Sleep

FIG. 1. Study design of pretreatment, treatment, and post-treatment phases and the measurements taken at each time
point. HRQL, health-related quality of life.
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protocol procedures, informed consent documents, study
personnel contact information, and a list of foods and lig-
uids that contained caffeine. All 49 study participants
agreed to these conditions, and began the first phase of
the study, which was a 5-day pretreatment washout phase.

After the 5 day pretreatment phase, participants were
randomly assigned to either the treatment or control
group. In both groups, subjects were given 710 mL of ei-
ther regular coffee (containing 450 mg caffeine) or decaf-
feinated coffee (containing 12 mg caffeine). Since the
purpose of the study was to assess mental health effects
within a short duration of exposure, a dose level of caf-
feine that was consistent with the national average, but
yet high enough to detect effects, was desired.

Four hundred fifty milligrams was chosen as the caffeine
dosage for this study since the average level of daily con-
sumption in the United States is roughly 300 mg/day.>**
However, one Starbucks Brewed Grande (16 oz) regular
coffee can have on average 320 mg. Therefore, although
300 mg is average, it would not be uncommon to con-
sume more than 300 mg, especially when we consider
other sources of caffeine consumption in addition to
coffee. Furthermore, previous studies have noted that
larger and often negative physiological and psychologi-
cal effects are present when daily consumption exceeds
500 mg, whereas more tolerable and potentially positive
benefits are reported at dosages lowers than 250 mg/
day.?® Therefore, we choose a dosage in this study that
is higher than average to test more immediate and nega-
tive potential outcomes associated with coffee.

The coffee was blinded to the subjects and study coordi-
nators before the treatment phase. To achieve this double-
blind status, the coffee beans were brought to an indepen-
dent party to grind and place in unmarked containers.
This independent party then labeled the containers with ei-
ther ““A” or “B.” These grounds were then brought to the
study location and given to the research assistants who did
not know which grounds were caffeinated. Similarly, dur-
ing the informed consent briefing, participants were given
a workbook, which was labeled as either “A” or “B.”

Coffee was brewed and prepared in a standardized
fashion. Preparation of both coffee types utilized similar
coffee beans, with the caffeinated coffee being Kirkland
signature whole bean coffee, Starbucks Roast and the de-
caffeinated coffee being Kirkland dark roast bean decaf-
feinated coffee. Both coffee types were also brewed at
the same time (i.e., morning), with the same standard cof-
fee makers (Mr. Coffee®). Also, the brewing process
used the same disposable paper filters and same water.
Furthermore, the caffeine content was calculated accord-
ing to the manufacturer’s information, which is estimated
to be 225 mg of caffeine per 355 mL (12-0z) for the caf-
feinated coffee and 6 mg of caffeine per 355 mL for the
decaffeinated coffee.

Subjects presented between 7:30 and 9:30 am each day
of the treatment phase. The 710 mL of coffee was divided
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into two servings. The first serving (355 mL) was given
to participants in a cup and they were instructed to
drink the first serving within the next 45 minutes. At
the same time, participants were given a second serving
(355mL) in an insulated travel mug. The participants
were instructed to drink this coffee 5 hours later. Before
receiving the coffee, a research assistant signed the par-
ticipant’s workbook, indicating that they had received
the coffee for the day and that the participant had com-
pleted all other protocol tasks up to that morning.

After the 5 days of treatment, participants continued to
abstain from caffeine for an additional 5 days. As indi-
cated earlier in Figure 1, measures were administered
on days 1 and 5 of the pretreatment abstinence phase
as well as on days 3 and 5 of the treatment and post-
treatment phases.

Measures

Diet log. On day 1 of the pretreatment phase, partic-
ipants were instructed to complete a lengthy diet log,
which recorded the foods and liquids consumed during
the 30 days before entering the study. This measure
was adopted from a previous large-scale U.S.-based nu-
trition study (Adventist Health Study?”). This retrospec-
tive self-report measure was collected to assess whether
the two groups were similar in their diet, and conversely
that one group did not vary significantly in its prestudy
diet habits.

HRQL is a complex multidimensional construct that is
inclusive of emotional, physical, mental, and social do-
mains. Therefore, HRQL was measured by using six
scales. These measures were taken at six times (days 1
and 5 of the pretreatment phase, and days 3 and 5 of
the treatment and post-treatment phases). Four of the
six measures were taken from the Duke Health Profile®®
(DHP) (Physical, General, Mental, and Perceived
Health). The DHP is a 17-item scale that is developed
to measure HRQL among adults. The DHP has been
studied among the general population. It is unique in
its ability to measure aspects of physical, social, mental,
and perceived health. The scales have a reported inter-
item reliability ranging from «=0.60 to 0.70 and test—
retest scores ranging from o=0.50 to 0.70.

In addition, the study used one subscale for somatiza-
tion from the Brief Symptom Index (BSI)-18. The BSI-
18% is a brief survey based on the SCL-90-R. Internal
consistency of the subscales ranges from o=0.85 to
0.89.%° The BSI maintains convergent reliability with the
Minnesota Multiphasic Personality Inventory associated
correlations ranging from 0.4 to 0.5. Finally, the Perceived
Stress Scale®! was also considered a measure of HRQL.

Sleep and Insomnia were measured with two scales.
The first was the Insomnia Severity Index®? (ISI),
which measures difficulties in falling asleep, staying
asleep, and waking up too early. The workbook also
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asked the participant to report the quantity of sleep for
the previous night. This was done on a discrete ordinal
scale with 0= “Between 0 and 1 hours”...7=‘“More
than 10 hours.”

Mood was defined as anxiety and depression. Six
scales were used to measure both depression and anxiety.
These included subscales for depression and anxiety
from the BSI (depression, anxiety, and generalized anx-
iety) and DHP (depression and anxiety), as well as the
Beck Anxiety Inventory>> (BAI).

Covarying measures for BMI and physical activity
were also included in the day 1 (pretreatment) section
of the workbook. These measures, along with average
daily water consumption from the diet log, were used
to adjust the values on the sleep, mood, and HRQL mea-
sure in the subsequent analysis.

Statistical analyses

Subjects completed all measures in paper format in the
workbook. These scores were transferred to SPSS (22.0)
for evaluation and analysis. After evaluating the data for
univariate assumptions, we began with a repeated-
measures analysis of covariance (ANCOVA) for each
of the outcome measures. Measures from days 3 and 5
of the treatment and post-treatment phases were used
as the outcome repeated measures within the repeated-
measures ANCOVA, thereby evaluating all measure-
ment time points within the analysis together.

Through this process, we evaluated both the within-
and between-group treatment effects. We specifically fo-
cused on the within-between group interaction effect, as
this effect is the hypothesized difference overtime be-
tween the two treatment groups. These effects are pre-
sented later. We also included the quadratic interaction
effect estimate, as we assume that if changes were pres-
ent then they would follow a quadratic function (in-
creased group difference during the treatment phase,
and decreasing differences during the post-treatment
phase). This quadratic effect is, therefore, a more accu-
rate measure of the true effect of the coffee treatment.

When the within-between interaction effects were sig-
nificant, we conducted post hoc t-tests to determine the
significant time point differences between the two treat-
ment groups. Within these separate analyses, BMI, water
consumption, physical activity, and the day 1 measure
for each outcome variable were used to adjust (covary)
the outcome factor. The adjusted raw scores from this
analysis were then recorded and used in the subsequent
mediational analysis. For this mediational analysis, the
adjusted raw scores were evaluated by using the media-
tional ordinary least-squares (OLS) four-step process
for mediation from Baron and Kenny>* and comparisons
between OLS model fitting steps were evaluated with the
Sobel’s test.®> This process is explained with additional
details later.

Results

Treatment effects

Sleep and insomnia. As seen earlier in Table 2, the
treatment (TX) effects’ column reports the F value asso-
ciated with an overall treatment effect (e.g., the within-
between interaction effect of ANCOVA). In other
words, this F-test asks whether, in the presence of the
covariates, the treatment created a cumulative statistically
significant difference in the outcome measures (ISI and
the Quantity of Sleep). In both cases, the data show a sig-
nificant between-group difference, with the treatment
group reporting more problems sleeping during the treat-
ment phase, and significantly fewer hours of sleep on
the last night of the treatment phase. In addition, the ef-
fects persist at least 3 days into the post-treatment phase,
but they are no longer present at the fifth day.

The quadratic between-group effect, presented in
Table 2, reports the fit of a model that assumes a curvi-
linear longitudinal effect and offers a more accurate mea-
sure of the overall treatment effect across all three phases
(measured by 7%). In this case, both the ISI and length
of sleep measures indicated a significant between-group
difference (Quantity of Sleep: F(; 3,=4.1, p<0.05; ISI:
F135,=5.3, p<0.05); this effect was moderate in size
(Quantity of Sleep: n*=0.12; ISI: *=0.13).

HRQL showed varying levels of effects. For the Stress
Quiz and Somatization there were treatment effects; sim-
ilarly, the Duke General Health scale showed a nonsig-
nificant effect. The other measures of HRQL, such as
the Duke Perceived and Physical Health scales, did not
show a significant treatment effect. Given that the soma-
tization and perceived stress scale were the only mea-
sures that showed a significant change, this would
suggest that the effect of coffee on HRQL might be ex-
clusive to stress-specific factors of HRQL. In this case,
caffeine increased stress and anxiety, which could lead
to somatic complaints.

Mood was affected by the treatment in two ways. First,
the caffeinated coffee showed a clear and consistent in-
crease in anxiety. For all anxiety measures, except the
Duke Anxiety Scale, there were clear between-group ef-
fects during the treatment phase (BSI: Generalized Anxi-
ety: F31y=6.40, p<0.05; BSI: Anxiety: F(;3,=7.15,
p<0.05; Beck Anxiety: F(36=11.36, p<0.05). For
the BSI Generalized Anxiety and Beck Anxiety mea-
sures, the effects were retained into the post-treatment
washout phase.

Depression, on the other hand, showed mixed results.
According to the Duke Depression scale, the treatment
had a negative impact at the beginning of the treatment
phase, but this effect decreased after repeated exposure
to the treatment. Conversely, the BSI Depression mea-
sure showed a negative impact only after 5 days of treat-
ment, but this effect carried over into the third day of
the post-treatment phase. Together, this leads to a larger
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TX phase day 3 measure for
Insomnia Survey

FIG. 2. Example of
the conceptual path PathA
analysis model for
mediational modeling
adapted from Baron
and Kenny.** TX,
treatment.

Caffeine Treatment

PathB

PathC and C

TX phase day 5

question of the true effect of coffee on depression. There
appears to be a negative impact, but what is unclear is
whether the effect varies by the duration of treatment.
Unlike anxiety, which is impacted immediately and main-
tains this level of change even after the treatment has stop-
ped, it appears that the effect of coffee on depression is
more complex; however, unlike the previous studies
(which showed a positive impact on depression from caf-
feine), this study does show a direct and negative impact.

Mediational effects

Next, we evaluated whether the noted treatment ef-
fects that were described earlier were direct results of
the coffee treatment or whether the impacts of the treat-
ment were mediated through changes in sleep. To accom-
plish this evaluation, we employed the four-step process
offered by Baron and Kenny.** This process is visually
displayed next in Figure 2. Four conditions must be
met to show an indirect or meditational effect. First,
there must be a direct effect between the independent

v

Measure for
DUKE Physical Health

variable (IV) and the dependent variable (DV). In this
case, the IV is the treatment condition (decaffeinated vs.
caffeinated coffee), and the outcomes are the separate mea-
sures for HRQL and mood in Table 3 (later). These mea-
sures were taken at the last day of the treatment phase
(or day 10). In Table 3, this is noted as the coefficient C.

The second condition that must be proven is that there
must be a significant relationship between the IV and the
mediator variable. This would be the relationship be-
tween the treatment groups and the ISI measure, noted
as the coefficient A in Table 3. The third condition that
must be met is that the mediator variable must be signif-
icantly related to the outcome variable (noted as coeffi-
cient B in Table 3). Finally, the direct effect of the IV
to the DV (path C) must be reduced when the mediator
or indirect effect is included in the model (therefore
C > C’); since the OLS process uses three separate linear
regression models to estimate C and C’, the standard errors
for each parameter cannot be directly compared. There-
fore, the Sobel’s test is used to evaluate the statistically sig-
nificant reduction between C and C’.

TABLE 3. DECOMPOSITION OF THE MEDIATIONAL EFFECTS OF SLEEP
ON HEALTH-RELATED QUALITY OF LIFE AND M0OOD

Day 5 treatment A coefficient B coefficient
phase measure (SE) (SE)

C (SE) C’ (SE) (SE)

Sobel’s test
Summary

HRQL

DHP physical health 2.83 (0.02) —2.46 (0.53) —11.30 (4.6) —4.60 (4.0) 4.64 (1.5) Full mediation

DHP general health  2.83 (0.02) —1.85 (0.35)

BSI somatization 2.83 (0.02) 0.19 (0.07)

Stress quiz 2.83 (0.02) 0.08 (0.04)
Mood

Beck anxiety 2.83 (0.02) 0.06 (0.07)

BSI anxiety 2.83 (0.02)  0.23 (0.07)

BSI-generalized 2.83 (0.02) —0.03 (0.07)

Anxiety

DHP depression 2.83 (0.02)

BSI depression 2.83 (0.02) 0.00 (0.02)

3.09 3.3) —227@2.7) 5.28 (0.99) No mediation (no

direct effect [C])

1.44 (0.44) 0.78 (0.46) 2.71 (0.20) Full mediation
0.55 (0.24) 0.40 (0.21) 2.0 (0.11) Full mediation

2.96 (0.38) 2.79 (0.38) 0.86 (0.20) No mediation:

No indirect effect

0.96 (0.14) 0.27 (0.52) 3.28 (0.20) No mediation:

No direct effect

3.80 (0.50) 3.92 (0.62) 0.43 (0.20) No mediation:

No indirect effect

2.67 (0.41) —4.804.4) —-292(3.7) 6.51 (1.2) No mediation:

No direct effect

1.13 (0.14) 1.14 (0.17) 0.10 (0.06) No mediation:

No indirect effect

All measures are adjusted for BMI, water consumption, physical activity, and day 1 of the outcome measure. All parameters esti-
mated with 5000 sample replacement bootstrapping. Bold values=p <0.05.

SE, standard error of the means.
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We should note that this process requires large sample
sizes if power is to be achieved. Although this study does
not have the large sample size recommended for the
Sobel’s test, three processes can be employed that reduce
the type II error problems associated with a smaller size.
The first is using a research design that supports causa-
tion. In this case, the longitudinal design allows for the
measures to precede each other in time. The second pro-
cess involves using only one mediator variable; there-
fore, all of the proceeding tests use only the ISI at the
fifth day of the treatment phase. Finally, a bootstrapping
method is employed to estimate the parameters and stan-
dard errors. In the proceeding analysis, we used a 5000
sample with replacement iteration. Table 3 given next re-
ports the direct (C and C’), indirect (A X B), and Sobel’s
test measures of the significance of the indirect effect.

As can be seen earlier in Table 3, this mediational test-
ing shows different effects for HRQL and mood. Only
the HRQL domains for physical health, stress, and soma-
tization showed a mediational relationship. The general
health HRQL measure did not show a mediational (or di-
rect) relationship. Therefore, for HRQL, the effects of
caffeine are fully mediated by the effect that coffee has
on sleep patterns, with the exception of the general health
HRQL measure. This measure failed to show media-
tional effects, as condition 1 was not met. Conversely,
mental health or mood did not show a mediational effect
from sleep. Rather, the impact of coffee on anxiety and
depression in this sample was purely direct.

Due to this finding, we performed an additional medi-
ational analysis with the BAI measure at day 3 of
the treatment phase as the mediation variable and the
HRQL measures at day 5 of the treatment phase as the
outcome variable. Table 4 given later shows that the ef-
fect on anxiety only mediates the HRQL measures that
are specific to somatization or stress. In this analysis,
the HRQL measures for physical health and general
health did not show a mediational effect. Therefore, as
seen in Table 3, the impact of caffeinated coffee on
HRQL can be assumed to be mediated by the effect
that caffeine has on sleep. When caffeine reduces the

sleep habits in a healthy person, the reduced sleep will
decrease the individual’s HRQL.

Caffeine also has a direct impact on anxiety, which is
seen in Table 3, and is not mediated by sleep. This direct
effect on anxiety will subsequently reduce HRQL do-
mains that are related to anxiety, such as elevated general
stress and somatic complaints.

Discussion

This study sought to evaluate the effects of coffee on af-
fective mood, sleep, and HRQL. Specifically, the negative
impacts of caffeine on sleep are fairly well established®*;
however, what is not as well known is whether affective
mood and HRQL also have a direct or an indirect effect
from caffeine. This study used a randomized double-
blind design with younger adults to determine whether
affective mood and HRQL were affected by caffeine.
In addition, this study assesses whether there is an indi-
rect effect from caffeine on mood and HRQL through
caffeine’s impact on sleep.

One important conclusion from this study is that the
decaffeinated group saw no significant changes in any
of the measures. This suggests that the effects seen in
this study are attributable to the caffeine in the coffee
and not the similar, multiple other compounds found in
the coffee.

Direct effects on sleep, mood, and HRQL

The results of this study show the significant effects of
coffee/caffeine on sleep. This is not surprising, as this ef-
fect is fairly well known.!' In a similar way to previous
studies,>'*” the caffeinated group in this study showed
consistent decreases in the quality and quantity of sleep
during the treatment phase. These changes were main-
tained for as many as 3 days after the treatment had
ended, and they subsided by the fifth day after the treatment.

Specifically, the caffeinated coffee group reduced their
quantity of sleep by ~ 10% and their quality of sleep by
nearly 40%.%¢ In addition, the ISI measure evaluates the
participant’s self-report of the quality of sleep, including

TABLE 4. DECOMPOSITION OF THE MEDIATIONAL EFFECTS OF ANXIETY
ON HEALTH-RELATED QUALITY OF LIFE AND M0OOD

Day 5 treatment A coefficient B coefficient

measure (SE) (SE) C (SE) C’ (SE) (SE)

Sobel’s test
Summary

HRQL
DHP physical health 4.83 (0.36)

DHP general health 4.83 (0.36) —0.30 (1.5)

BSI somatization
Stress quiz

4.83 (0.36)
4.83 (0.36)

0.40 (0.20)
0.33 (0.08)

3.09 3.3)

2.74 (1.73) —11.30 (4.6) —27.27 (8.5) 1.57 (8.41) No mediation:

No indirect effect
—2.79 (8.1) 0.20 (7.25) No mediation:
No indirect effect

1.44 (0.44) —0.50 (1.7) 1.98 (0.98) Full mediation
0.55 (0.24) —0.98 (0.42) 3.94 (0.40) Partial mediation

All measures are adjusted for BMI, water consumption, physical activity, and day 1 of the outcome measure. All parameters esti-
mated with 5000 sample replacement bootstrapping. Bold values=p <0.05.
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items for the difficulty of falling asleep, staying asleep,
and staying awake during the day. However, the quantity
of sleep measure merely tracks the number of hours of
sleep per night. Although both were negatively affected,
the ISI was impacted more than the quantity of sleep. This
suggests that caffeine affects the circadian and homeostatic
sleep regulatory processes. This effect could then nega-
tively impact additional outcomes of mood and HRQL.

The caffeine treatment was also seen to both directly
and negatively impact the participant’s mood and HRQL.
The strongest effect was on anxiety. Three of the four mea-
sures of anxiety in this study showed a significant increase
in anxiety during the treatment phase. This negative impact
was maintained throughout the entire treatment phase, with
some of the anxiety measures’ negative impacts maintain-
ing into the post-treatment phase (Beck Anxiety and BSI
generalized anxiety). This finding is in line with the previ-
ous studies that have found a moderate effect of caffeine on
anxiety.”'1®

The impact on depression was mixed. This study showed
anegative impact on depression, whereas previous studies
have shown either a positive benefit”'!' or no impact.'?
The divergent finding in this study may be due to the
higher dosage, as well as due to the health of this sample.
Taken together, the impact of coffee on depression may be
more complex. It may be that coffee can result in positive
benefits in populations diagnosed with major depression
disorder,'®"'? whereas it might have a small but negative
impact on healthy individuals (as seen in this study).

There was little to no direct effect from caffeine to
HRQL. Overall, across all of the HRQL measures in
this study, the 5-day caffeine treatment in this study
did not have a significant effect. Rather, only when the
HRQL was defined as stress (Perceived Stress Scale), so-
matic complaints (BSI-Somatization), or physical com-
plaints (Duke Physical Health) did the treatment have
an impact. Therefore, the proximal effects of coffee
(5 days) may not be global, but rather more specific to
HRQL domains that are closely related to anxiety and
stress. It is also possible that a longer-term exposure to
caffeine might have a negative impact on the other do-
mains of HRQL.

Indirect effects on mood and HRQL

Given the moderate and mixed effects of the caffeine
treatment on mood and HRQL measures in this study,
it is possible that the effect of caffeine is indirect and spe-
cifically mediated through the impact that caffeine has on
sleep. In summary, the mediational analysis showed a
mediational effect for the HRQL measures only. There-
fore, it is likely that high dosages of caffeine can affect
HRQL due to the tendency of caffeine to reduce the qual-
ity and quantity of sleep.

There was no mediational effect for the outcomes of
anxiety or depression. Rather, it is likely that caffeine
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has a direct and unique impact on mood regardless of
the impacts that caffeine has on sleep. However, these
impacts are likely moderated by the sleep effect. In this
case, caffeine likely increases anxiety and reduces the
quantity and quality of sleep. When sleep is affected,
the impact of caffeine on anxiety is likely exacerbated,
but not in a direct or casual relationship.

Furthermore, HRQL domains closely associated with
stress and anxiety were seen to be mediated by the impact
that caffeine had on anxiety. Therefore, caffeine can in-
crease anxiety directly; this increase in anxiety can lead
to decreases in HRQL, when HRQL is defined in terms of
stress, specifically in regards to issues of somatization
and self-reported stress. Again, longer-term exposure to
caffeine might show a similar impact on other domains
of HRQL.

Limitations

Although this study showed strong results for the direct
effects of caffeine on sleep, anxiety, as well as mediational
effects between caffeine, sleep, and HRQL, it is important
to remember that this study was performed with individu-
als who were relatively young (M =27.3, SD=5.7), as well
as free of mental and physical health limitations. It is
likely that the negative impacts of coffee on sleep and
anxiety would be exacerbated in populations with stress
induced, or stress responsive health issues. For example,
in individuals with stress responsive or chronic illnesses,
such as asthma, sickle cell disease, diabetes, and so on,
high doses of caffeine might produce a stronger negative
impact on HRQL, and depression than seen in this study.
Therefore, additional studies should examine this effect in
these stress-sensitive populations.

In addition, when interpreting these results, it is impor-
tant to note that this study used a high dosage of caffeine
(450 mg/day). According to the United States Food and
Drug Administration, Americans consume an average
amount of 300mg/day of caffeine through a variety of
sources (e.g., caffeine pills, energy drinks, etc.), with
the most popular source of coffee.>*** To ensure the par-
ticipants did not have an anxiogenic reaction to the higher
dosage of caffeine, the dosages of coffee were divided
into two servings. Each serving was consumed at separate
settings. However, the total daily dose was high, and,
therefore, it is unclear whether the results of this study
would be retained if the sample was given a moderate
(300 mg/day) or small dosage (200mg or less/day). In
fact, some studies have shown potentially positive bene-
fits to low dosages of caffeine (<250 mg/day).”*°

Similarly, although we used standard processes for
brewing the coffee, and used the exactly same processes
across the treatment conditions, we did not evaluate the
amount of caffeine extracted during the brewing process.
Therefore, we can be certain that the processes were the
same for all participants, nor can we know for sure
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whether the treatments actually produced 450 mg of caf-
feine a day. Rather, the manufacturer’s guidelines sug-
gest that our process resulted in 450 mg of caffeine for
the caffeine group and 12 mg of caffeine for the decaf-
feinated group.

Also, we did not control for different roasting methods
within the two store-bought coffees. The roasting meth-
ods affect the release of polyphenols, which have been
shown to have an antioxidative capacity or to contribute
to other chemical changes within the coffee, such as the
contribution of sucrose.*”*® Without standardized meth-
ods during this process, the research has indicated that
the amount of caffeine and polyphenols extracted and
ingested can differ. Nevertheless, the differences in the
roasting methods between the two study groups should
not influence the results significantly since we focused
on different concentrations of caffeine and their impact
on mental health. The evaluation of antioxidatory effects
of the polyphenols in the two study groups is not within
the scope of this study.

Also, this study did not directly examine or control for
genetic differences between participants. The effects of
caffeine, an adenosine receptor antagonist (specifically
adenosine A; or A, receptors), on anxiety and sleep
have been found to vary based on the expression of
certain genes and the polymorphisms within.>*~** Also,
research has shown an association between reduced qual-
ity of sleep and the ADORA2A gene.*® A further explora-
tion of these factors, in light of this study’ results, would
provide valuable insights for the future.

Finally, this study did not assess the actual diet of the
participants during the study phases. Rather, we assessed
the diet of the participants before the start of the study
and ensured that both the treatment and comparison
groups were similar in diet habits. Future studies should
consider the effect of diet in the course of the study, as
certain foods and beverages may affect the results
shown here.

Conclusion

Given the results of this study, in combination with the
existing literature, there is ample evidence to suggest that
caffeine has a direct effect on sleep quality and quantity.
In addition, caffeine seems to have a direct effect on anx-
iety and stress domains of HRQL as well. This study adds
to the literature by demonstrating a mediational relation-
ship between sleep and HRQL outcomes. In this case,
caffeine shows a negative impact on mood, HRQL, and
sleep. But the impacts of caffeine on HRQL tend to be
mediated by the negative impact that caffeine has on
sleep.
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