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Abstract

Background/Objectives: To examine the association between caffeine intake and men-
tal health- and sleep-related outcomes, including anxiety, sleep duration, and perceived
stress, in a nationally representative sample of Korean adults. Methods: We analyzed
20,504 participants from the Korea National Health and Nutrition Examination Survey
(KNHANES) 2021–2024. Caffeine intake was categorized into six groups, and mental health-
and sleep-related outcomes included clinically significant anxiety symptoms (GAD-7 ≥ 10),
sleep duration, and perceived stress. Survey-weighted multivariable logistic regression
models and restricted cubic spline analyses were used to evaluate associations between
caffeine intake and mental health- and sleep-related outcomes, adjusting for demographic,
socioeconomic, behavioral, dietary, and clinical factors. Results: The prevalence of clin-
ically significant anxiety symptoms was 4.7%. Restricted cubic spline analyses demon-
strated a non-linear association between caffeine intake and anxiety (p-overall = 0.010;
p-nonlinear = 0.016). Higher caffeine intake was associated with progressively increasing
odds of short sleep duration (<6 h/day), indicating a clear dose–response relationship
(p-overall < 0.001; p-nonlinear < 0.001). Higher caffeine intake was also associated with
increased perceived stress (p-overall = 0.025), although evidence for a nonlinear relation-
ship was weaker (p-nonlinear = 0.062). These findings were generally consistent across
multivariable-adjusted models. Conclusions: Caffeine intake is differentially associated
with mental health- and sleep-related outcomes, with excessive intake related to adverse
effects on sleep and stress.

Keywords: caffeine intake; anxiety; mental health; Korea National Health and Nutrition
Examination Survey (KNHANES)

1. Introduction
Caffeine is one of the most widely consumed psychoactive substances worldwide,

commonly ingested through coffee, tea, and energy drinks [1,2]. Its stimulating effects
on the central nervous system are primarily mediated through non-selective antagonism
of adenosine A1 and A2A receptors, leading to increased neuronal activity and indirect
modulation of dopaminergic neurotransmission. As a result, caffeine enhances alertness,
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reduces fatigue, improves attention, concentration, and mood, and promotes a sense of
well-being [3–5]. In addition, habitual caffeine consumption has been associated with
potential long-term neuroprotective effects, including a lower risk of cognitive decline
and neurodegenerative diseases such as Parkinson’s disease and Alzheimer’s disease [6,7].
However, caffeine also influences sleep regulation and emotional states, raising concerns
about its potential impact on mental health, particularly at higher levels of intake [3,8].

Previous studies have reported inconsistent findings regarding the relationship be-
tween caffeine intake and mental health and sleep [9]. While moderate consumption has
been associated with beneficial or neutral effects, excessive intake may exacerbate anxiety
symptoms through increased physiological arousal and sleep disruption. In addition,
individuals with anxiety may intentionally reduce caffeine intake, complicating the direc-
tionality of this association [10]. As a result, the overall relationship may not be linear. Sleep
disturbance is closely associated with both caffeine intake and mental health outcomes [5].
Caffeine acts as an adenosine receptor antagonist, delaying sleep onset and reducing sleep
duration and quality [11]. In addition, insufficient sleep has been consistently associated
with adverse mental health outcomes, including anxiety and perceived stress [12,13].

Despite these considerations, important knowledge gaps remain. Most previous
epidemiological studies have focused on a single mental health outcome, have relied on
simple measures of coffee consumption rather than quantitative caffeine intake, or have
assumed linear dose–response relationships. In addition, population-based evidence from
Asian populations remains limited despite substantial differences in beverage consumption
patterns and caffeine sources compared with Western countries [14–16]. Few studies have
simultaneously examined anxiety, sleep duration, and perceived stress using quantified
caffeine intake while evaluating potential non-linear dose–response relationships and
subgroup differences by sex and age [17,18].

Therefore, this study aimed to examine the association between beverage-derived
caffeine intake and multiple mental health- and sleep-related outcomes, including clinically
significant anxiety symptoms, short sleep duration, and perceived stress, using nationally
representative data from Korean adults participating in KNHANES 2021–2024. We further
evaluated potential non-linear dose–response relationships to better inform public health
recommendations on caffeine consumption.

2. Materials and Methods
2.1. Study Population

Data were obtained from the Korea National Health and Nutrition Examination Sur-
vey (KNHANES) conducted between 2021 and 2024, a nationally representative survey
employing a complex, multistage probability sampling design. Participant selection is sum-
marized in Figure 1. Of the initial 27,281 participants, we excluded those aged <19 years
(n = 4067), those with missing 24 h dietary recall data (n = 1655), and those with missing
data on the primary outcomes (GAD-7 score, perceived stress, or sleep duration) or essential
covariates (smoking status, diabetes mellitus, or dyslipidemia) (n = 1055). Consequently, a
total of 20,504 participants were included in the final analysis. Participants were classified
according to beverage-derived caffeine intake estimated from the 24 h dietary recall data.
Individuals who consumed caffeinated beverages were classified as caffeine consumers
(n = 13,516), whereas those who consumed only caffeine-free beverages or reported no
beverage consumption were classified as non-consumers (n = 6988).
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Figure 1. Flowchart of study population selection and classification according to caffeine consumption
in KNHANES 2021–2024. “Non-consumers” refers to participants with 0 mg/day caffeine intake on
the 24 h dietary recall day and should not be interpreted as habitual caffeine abstainers.

2.2. Data Collection

The National Health and Nutrition Survey comprised a physical examination, health
survey, and nutrition survey and obtained various information via self-administered ques-
tionnaires and interviews with investigators. Participants’ age, education level (elementary
school or lower, middle school, high school, college or higher), household income (in-
come quartile), marital status, smoking status (never, current, past), alcohol consumption
(≤1 a month, 2–4 times a month, 2–3 times a week, ≥4 times a week), the frequency of
morning meals (5–7 times a week, 3–4 times a week, 1–2 times a week, and 0 times a week),
comorbidities (hypertension, dyslipidemia, diabetes), average daily sleep duration were
obtained via a questionnaire. Total energy, carbohydrate, protein, fat, sodium, total dietary
fiber, and total sugar were calculated through a 24 h food intake survey. Body mass index
(BMI) was calculated based on measured height and weight.

The degree of anxiety was assessed using the Generalized Anxiety Disorder-7 (GAD-7),
a self-report measurement tool [19]. Perceived stress was evaluated using a self-reported
measure of usual stress levels. Responses were categorized into four levels ranging from
very high to very low stress. Participants reporting very high or high stress were classified
as having elevated perceived stress, whereas those reporting low or very low stress were
classified as having lower perceived stress. Depressive symptoms were assessed by asking
participants whether they had experienced feelings of sadness or hopelessness lasting for
at least two consecutive weeks during the previous year. Suicidal ideation was assessed
using the question, “Have you seriously considered suicide during the past 12 months?”
Mental health counseling was assessed by asking participants whether they had received
counseling for mental health concerns during the previous year.

2.3. Identification of Caffeinated Beverages

Dietary intake information was obtained from the 24 h dietary recall component of
KNHANES. Beverage records were selected from food items classified within the beverage-
related categories, including beverages and tea/coffee products. Because discrepancies
were observed between standardized food codes and the actual beverage names reported
by participants, beverage classification was based primarily on text information rather than
food codes alone. To improve identification accuracy, a composite text field was created
by combining the reported food name, detailed food description, and product name. Caf-
feinated beverages were then identified using a rule-based classification framework that
incorporated predefined keyword dictionaries and regular-expression matching. Candidate
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beverages were first detected through text searches of the composite field. Subsequently, all
records associated with the same beverage code were reviewed to capture products with
inconsistent or incomplete labeling. Beverage-derived caffeine intake was estimated using
the single 24 h dietary recall collected in KNHANES. Because KNHANES does not obtain
repeated 24 h dietary recalls from the same participants, usual caffeine intake could not be
estimated. Therefore, the calculated caffeine intake reflects caffeine consumption on the
recall day rather than habitual intake. To enhance transparency and reproducibility, the
beverage classification criteria, assigned caffeine concentrations, and corresponding KN-
HANES dish codes used for caffeine estimation are provided in Supplementary Table S1.

2.4. Classification of Beverage Subtypes

Caffeinated beverages were grouped into five categories: coffee, tea (including green
tea and other tea products), energy drinks, cola-type beverages, and cocoa-based bever-
ages [20].

Coffee beverages were subdivided into liquid coffee, instant coffee powder, prepared
coffee mixes, and roasted bean or capsule coffee. Tea beverages were classified as liquid,
powdered, or infusion-type. Energy drinks, cola-type beverages, and cocoa-based bever-
ages were treated as single subtypes [20]. Decaffeinated beverages were identified using
dedicated keywords.

2.5. Assignment of Caffeine Content and Estimation of Daily Intake

Caffeine concentrations (mg/L) were assigned using mean values from national moni-
toring data published by the Ministry of Food and Drug Safety [20]. The applied mean caf-
feine concentrations were: liquid coffee (352.9 mg/L), instant coffee powder (293.5 mg/L),
prepared coffee mixes (571.9 mg/L), roasted bean or capsule coffee (522.8 mg/L); liquid tea
(105.8 mg/L), powdered tea (115.0 mg/L), infusion-type tea (143.6 mg/L); energy drinks
(320.8 mg/L); cola beverages (187.5 mg/L); and cocoa-based beverages (360.9 mg/L). De-
caffeinated beverages were assigned a nominal caffeine concentration of 1 mg/L to reflect
minimal residual caffeine content.

In the KNHANES 24 h dietary recall, the intake amount of each reported beverage
item is recorded in either volume (mL) or weight (g), depending on the standard unit
defined for the corresponding food code. For items recorded in grams—mainly powder-
or capsule-based products such as instant coffee, coffee mixes, and powdered tea—intake
was treated as numerically equivalent in milliliters (1 g ≈ 1 mL) and combined with the
volume (mL)-recorded items to derive total beverage volume (L).

Caffeine intake per record (mg) was calculated by multiplying beverage volume (L)
by the assigned concentration (mg/L). Total daily caffeine intake (mg/day) was obtained
by summing intake across all beverages consumed on the recall day.

2.6. Statistical Analysis

Statistical analyses accounted for the complex sampling design of KNHANES by incor-
porating sampling weights, stratification variables, and primary sampling units. Combined
sampling weights for the health interview, health examination, and nutrition survey were
used. For the pooled 2021–2024 data, the annual sampling weights were divided by four in
accordance with the KNHANES analytic guidelines for combining multiple survey cycles
to obtain nationally representative estimates [21]. Participant characteristics were sum-
marized as unweighted frequencies with weighted percentages for categorical variables
and weighted means ± standard errors (SEs) for continuous variables. Differences across
caffeine intake categories were assessed using design-based Pearson’s chi-square tests with
Rao–Scott adjustment for categorical variables and design-based Kruskal–Wallis tests for
continuous variables.
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To evaluate the associations between caffeine intake and mental health- and sleep-
related outcomes, including clinically significant anxiety symptoms (GAD-7 score ≥ 10) [22],
short sleep duration (<6 h/day), and perceived stress, survey-weighted generalized linear
models with a quasi-binomial distribution were fitted. Short sleep duration was defined
as <6 h/day according to previous epidemiologic studies and sleep health [23]. Restricted
cubic spline models were used to evaluate potential nonlinear associations between caffeine
intake and each outcome. Four knots were placed at the 5th, 35th, 65th, and 95th percentiles
of caffeine intake. A caffeine intake of 100 mg/day was used as the reference value
to maintain consistency with the reference category (100 to <200 mg/day) used in the
categorical analyses. Predicted odds ratios were generated from 0 mg/day to the 99th
percentile of the observed caffeine intake for graphical presentation. Overall and nonlinear
associations were assessed using Wald tests within the survey-weighted regression models.
Covariates included in the multivariable models were selected a priori based on previous
epidemiological literature and investigator consensus regarding their potential role as
confounders of the association between caffeine intake and mental health outcomes. Models
were adjusted for potential confounding factors, including demographic characteristics
(sex and age group), socioeconomic status (education level, household income quartile,
marital status, and body mass index [BMI]), health-related behaviors (alcohol consumption
and smoking status), dietary factors (breakfast frequency, total energy intake, carbohydrate,
protein, fat, sodium, dietary fiber, and total sugar intake), and clinical comorbidities
(hypertension, diabetes mellitus, and dyslipidemia). Adjusted odds ratios (aORs) and 95%
confidence intervals (CIs) were calculated.

All statistical tests were two-tailed, and a p value < 0.05 was considered statistically
significant. Statistical analyses were performed using R (version 4.4.2; R Foundation for
Statistical Computing, Vienna, Austria) with the survey and splines packages.

2.7. Missing Data

Participants with missing primary outcomes or essential covariates (smoking status,
diabetes mellitus, or dyslipidemia) were excluded from the analyses, as described above.
Missing values for the remaining covariates included in the multivariable models were
retained as separate categories in the primary analyses to maximize sample retention and
preserve the representativeness of the KNHANES complex survey data. To evaluate the
robustness of this missing-data handling strategy, we additionally performed a complete-
case sensitivity analysis excluding participants with missing values for any remaining
covariates included in the fully adjusted model (Sensitivity Analysis V).

2.8. Sensitivity Analysis

Five sensitivity analyses were performed to evaluate the robustness of the main
findings. First, all cocoa beverages were assigned a caffeine concentration of 0 mg/L
(Sensitivity Analysis I). Second, decaffeinated beverages were additionally assigned a
caffeine concentration of 0 mg/L (Sensitivity Analysis II). Third, pregnant women and
participants with implausible total energy intake (<500 or ≥5000 kcal/day) were excluded
(Sensitivity Analysis III). Fourth, the fully adjusted model was re-fitted after excluding
dietary covariates (breakfast frequency, total energy intake, carbohydrate, protein, fat,
sodium, dietary fiber, and total sugar intake) to evaluate the influence of dietary adjustment
(Sensitivity Analysis IV). Finally, a complete-case analysis excluding participants with
missing values for any covariates included in the fully adjusted model was performed
(Sensitivity Analysis V). Sensitivity analyses were performed cumulatively, with each
subsequent analysis incorporating the modifications introduced in the preceding analyses
(Supplementary Table S2).
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3. Results
A total of 20,504 participants from KNHANES 2021–2024 were included in the analysis,

of whom 66.7% were caffeine consumers. The prevalence of clinically significant anxiety
symptoms (GAD-7 score ≥ 10) was 4.7%.

Baseline characteristics according to caffeine consumption are presented in Table 1.
Compared with non-consumers, caffeine consumers were more likely to be male and
middle-aged (45–64 years), whereas non-consumers were more likely to be older adults
(≥65 years) (p < 0.001). Caffeine consumers had higher socioeconomic status, with greater
proportions of college education and higher household income (p < 0.001). They were
also more likely to be married. In terms of health-related behavior, caffeine consumers
reported more frequent alcohol consumption and were more likely to be current or past
smokers (p < 0.001). Dietary intake was consistently higher among caffeine consumers,
including total energy, macronutrients, sodium, and sugar intake (all p < 0.001). Regarding
comorbidities, hypertension was slightly less prevalent among caffeine consumers, whereas
diabetes and dyslipidemia did not differ significantly between groups.

Table 1. Baseline characteristics according to caffeine consumption.

Characteristic Overall Caffeine Consumers
>0 mg/day

Non-Consumers
0 mg/day p Value

N = 20,504 (100%) N = 13,516 (66.7%) N = 6988 (33.3%)

Demographics & anthropometrics
Survey year 0.846

2021 4400 (24.3%) 2918 (24.3%) 1482 (24.2%)
2022 4748 (25.0%) 3149 (25.2%) 1599 (24.6%)
2023 5666 (25.4%) 3711 (25.2%) 1955 (25.8%)
2024 5690 (25.4%) 3738 (25.3%) 1952 (25.4%)

Sex <0.001
Male 8848 (49.8%) 6093 (52.0%) 2755 (45.5%)
Female 11,656 (50.2%) 7423 (48.0%) 4233 (54.5%)

Age group (years) <0.001
19–44 6508 (41.7%) 4152 (39.8%) 2356 (45.6%)
45–64 7693 (37.1%) 5582 (41.0%) 2111 (29.2%)
65+ 6303 (21.2%) 3782 (19.2%) 2521 (25.2%)

Body mass index (BMI, kg/m2) 24.18 ± 0.04 24.31 ± 0.04 23.91 ± 0.06 <0.001
Socioeconomic status
Education <0.001

≤Elementary school 3562 (11.6%) 2043 (10.1%) 1519 (14.6%)
Middle school 2014 (7.6%) 1249 (7.2%) 765 (8.6%)
High school 6754 (34.8%) 4453 (34.1%) 2301 (36.1%)
≥College 8163 (45.9%) 5765 (48.6%) 2398 (40.7%)
Missing 11 (0.1%) 6 (0.0%) 5 (0.1%)

Household income (quartile) <0.001
Lowest 3902 (14.5%) 2222 (12.4%) 1680 (18.8%)
Lower-middle 4930 (22.5%) 3156 (21.5%) 1774 (24.4%)
Upper-middle 5624 (29.9%) 3899 (31.2%) 1725 (27.2%)
Highest 5997 (32.8%) 4198 (34.5%) 1799 (29.4%)
Missing 51 (0.2%) 41 (0.3%) 10 (0.2%)

Married 16,630 (74.3%) 11,241 (77.4%) 5389 (68.2%) <0.001
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Table 1. Cont.

Characteristic Overall Caffeine Consumers
>0 mg/day

Non-Consumers
0 mg/day p Value

N = 20,504 (100%) N = 13,516 (66.7%) N = 6988 (33.3%)

Health-related behaviors
Alcohol consumption <0.001

≤1 time per month 10,129 (48.2%) 6519 (46.7%) 3610 (51.1%)
2–4 times per month 4243 (22.9%) 3032 (24.2%) 1211 (20.3%)
2–3 times per week 2714 (14.8%) 1962 (16.2%) 752 (11.9%)
≥4 times per week 1136 (5.8%) 785 (6.1%) 351 (5.3%)
Missing 2282 (8.3%) 1218 (6.8%) 1064 (11.4%)

Smoking status <0.001
Never smoker 12,645 (57.9%) 7850 (54.2%) 4795 (65.4%)
Current smoker 3034 (17.3%) 2288 (19.5%) 746 (12.9%)
Past smoker 4825 (24.8%) 3378 (26.4%) 1447 (21.8%)

Dietary factors
Breakfast frequency 0.004

5–7 times a week 12,559 (53.6%) 8084 (52.6%) 4475 (55.6%)
3–4 times a week 1976 (11.0%) 1335 (11.0%) 641 (11.0%)
1–2 times a week 2345 (13.9%) 1604 (14.4%) 741 (13.0%)
0 times a week 3624 (21.4%) 2493 (22.0%) 1131 (20.3%)

Total energy intake (kcal/day) 1856.09 (7.87) 1897.40 (8.56) 1773.40 (13.51) <0.001
Carbohydrate intake (g/day) 258.90 (1.00) 263.80 (1.15) 249.10 (1.70) <0.001
Protein intake (g/day) 71.38 (0.37) 72.71 (0.41) 68.72 (0.62) <0.001
Fat intake (g/day) 50.59 (0.38) 51.97 (0.40) 47.83 (0.61) <0.001
Sodium intake (mg/day) 3225.01 (16.93) 3303.68 (19.95) 3067.56 (27.60) <0.001
Total dietary fiber intake (g/day) 24.60 (0.13) 24.73 (0.14) 24.33 (0.21) <0.001
Total sugar intake (g/day) 57.47 (0.40) 59.56 (0.46) 53.29 (0.63) <0.001
Comorbidities

Hypertension, yes 5784 (22.8%) 3675 (22.2%) 2109 (24.0%) 0.008
Diabetes, yes 2528 (10.1%) 1648 (10.0%) 880 (10.1%) 0.903
Dyslipidemia, yes 5407 (21.8%) 3517 (21.8%) 1890 (21.8%) 0.982

Note: Values are presented as unweighted n (weighted %) or mean ± standard error (SE). p values were
calculated using design-based Pearson’s chi-square tests for categorical variables and design-based Kruskal–
Wallis tests for continuous variables, accounting for the complex sampling design. Abbreviations: KNHANES,
Korea National Health and Nutrition Examination Survey; SE, standard error. “Non-consumers” refers to
participants with 0 mg/day caffeine intake on the 24 h dietary recall day and should not be interpreted as habitual
caffeine abstainers.

The distribution of beverage-derived caffeine intake is presented in Supplementary
Table S3. The weighted median intake was 75.8 mg/day, with substantial right-skewness
(P25–P75: 0–185.6 mg/day; P99: 622.1 mg/day). Mental health outcomes varied across
levels of caffeine intake (Table 2). Mean GAD-7 scores was associated with higher caffeine
intake, reaching the highest levels among those consuming 300–400 mg/day. The preva-
lence of clinically significant anxiety symptoms (GAD-7 score ≥ 10) showed a non-linear
pattern, with lower prevalence at moderate intake levels (<200 mg/day) and higher preva-
lence at ≥300 mg/day (p < 0.001). Higher caffeine intake was also associated with shorter
sleep duration, with the highest proportion of sleep <6 h observed in the ≥400 mg/day
group (16.7%) (p < 0.001). Similarly, perceived stress, depression, and mental health coun-
seling were more common at higher levels of caffeine intake, particularly ≥300 mg/day.
Suicidal ideation showed a modest but statistically significant variation across groups.

Restricted cubic spline analyses showed dose–response associations between caffeine
intake and mental health outcomes in the overall population (Figure 2). Predicted odds
ratios from the restricted cubic spline models are presented in Supplementary Table S4.
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Table 2. Mental health- and sleep-related outcomes according to caffeine consumption.

Characteristic Overall 0 mg/day <100 mg/day 100 to <200
mg/day

200 to <300
mg/day

300 to <400
mg/day

≥400
mg/day p Value

N = 20,504
(100%)

N = 6988
(33.3%)

N = 4943
(22.6%)

N = 4812
(23.4%)

N = 1896
(10.1%)

N = 1163
(6.5%)

N = 702
(4.1%)

GAD-7 score 2.18 ± 0.03 2.32 ± 0.05 1.97 ± 0.06 2.02 ± 0.05 2.19 ± 0.09 2.57 ± 0.12 2.48 ± 0.13 <0.001
GAD-7 score group

0 10,309 (47.3%) 3474 (46.2%) 2655 (51.1%) 2466 (48.5%) 926 (46.0%) 506 (42.3%) 282 (40.0%)
1 to <5 6917 (36.0%) 2334 (36.2%) 1570 (34.2%) 1650 (36.1%) 664 (37.1%) 425 (36.8%) 274 (40.1%)
5 to <7 1279 (6.7%) 412 (6.3%) 278 (5.7%) 299 (6.7%) 129 (7.2%) 93 (9.4%) 68 (9.4%)
7 to <10 1042 (5.3%) 378 (5.8%) 237 (4.8%) 229 (5.0%) 94 (5.2%) 66 (5.3%) 38 (5.0%)
≥10 957 (4.7%) 390 (5.5%) 203 (4.1%) 168 (3.7%) 83 (4.4%) 73 (6.2%) 40 (5.4%)

Average sleep duration
(hours/day) 7.14 ± 0.01 7.18 ± 0.02 7.12 ± 0.02 7.13 ± 0.02 7.10 ± 0.03 7.15 ± 0.04 7.01 ± 0.05 0.002

Average sleep duration <0.001
<6 h 2753 (12.5%) 1018 (13.2%) 626 (11.8%) 607 (11.9%) 239 (12.2%) 145 (12.3%) 118 (16.7%)
6 to <7 h 4944 (24.7%) 1597 (23.4%) 1184 (24.8%) 1166 (25.0%) 507 (26.6%) 310 (27.4%) 180 (25.4%)
7 to 8 h 9269 (45.4%) 3045 (43.7%) 2311 (47.1%) 2221 (46.3%) 881 (47.0%) 515 (44.2%) 296 (42.0%)
>8 h 3538 (17.4%) 1328 (19.8%) 822 (16.4%) 818 (16.9%) 269 (14.2%) 193 (16.2%) 108 (15.8%)

Perceived stress, yes 4983 (25.8%) 1698 (26.0%) 1086 (23.2%) 1126 (24.9%) 489 (27.7%) 339 (29.0%) 245 (34.7%) <0.001

Note: Values are presented as unweighted n (weighted %) or mean ± standard error. p values were calculated
using design-based Pearson’s chi-square test for categorical variables or design-based Kruskal–Wallis test for
continuous variables, accounting for the complex sampling design. Abbreviations: GAD-7, Generalized Anxiety
Disorder-7; KNHANES, Korea National Health and Nutrition Examination Survey; SE, standard error.

Figure 2. Restricted cubic spline associations between caffeine intake and mental health outcomes in
the overall population. (A) Clinically significant anxiety symptoms (GAD-7 score ≥ 10); (B) short
sleep duration (<6 h/day); and (C) perceived stress. Adjusted odds ratios (ORs; solid black line) and
95% confidence intervals (CIs; gray shaded area) were estimated from the fully adjusted model, with
100 mg/day as the reference value (vertical dashed line); the horizontal dashed line indicates an OR
of 1. Short vertical marks along the x-axis indicate the locations of the restricted cubic spline knots at
the 5th, 35th, 65th, and 95th percentiles of caffeine intake.

For clinically significant anxiety symptoms, a significant overall association
(p-overall = 0.010) and evidence of nonlinearity (p-nonlinear = 0.016) were observed in
the fully adjusted model. The lowest odds were observed at approximately 70–100 mg/day,
whereas both lower and higher caffeine intake levels were associated with increased odds
of anxiety.

For short sleep duration, caffeine intake was strongly associated with increasing odds
of short sleep (p-overall < 0.001). The odds increased progressively with higher caffeine
intake, although evidence of nonlinearity was also observed (p-nonlinear < 0.001).

For perceived stress, higher caffeine intake was associated with increased odds of
perceived stress (p-overall = 0.025). However, evidence for nonlinearity was weaker and did
not reach statistical significance in the fully adjusted model (p-nonlinear = 0.062). The ob-
served pattern was generally characterized by increasing odds with higher caffeine intake.
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Fully adjusted categorical associations are presented in Table 3, and categorical as-
sociations across sequential adjustment models are presented in Supplementary Table S5.
No significant interaction by sex or age group was observed for clinically significant
anxiety symptoms (p-interaction = 0.378 and 0.474, respectively), short sleep duration
(p-interaction = 0.525 and 0.068, respectively), or perceived stress (p-interaction = 0.346 and
0.395, respectively).

Table 3. Fully adjusted odds ratios (95% confidence intervals) for mental health outcomes according
to caffeine intake categories in the overall population and stratified by sex and age group.

Outcome 0 mg/day <100 mg/day 100 to <200
mg/day

200 to <300
mg/day

300 to <400
mg/day ≥400 mg/day

Overall (n = 20,504)
GAD-7 score ≥ 10 1.29 (1.05–1.59) 1.00 (Reference) 0.94 (0.73–1.21) 1.05 (0.76–1.46) 1.39 (1.01–1.91) 1.25 (0.85–1.84)
Short sleep duration 1.24 (1.09–1.41) 1.00 (Reference) 1.08 (0.93–1.25) 1.19 (0.98–1.44) 1.33 (1.06–1.66) 1.85 (1.44–2.37)
Perceived stress 1.11 (1.00–1.24) 1.00 (Reference) 1.03 (0.93–1.15) 1.08 (0.93–1.24) 1.03 (0.87–1.21) 1.33 (1.10–1.61)

Male (n = 8848)
GAD-7 score ≥ 10 1.61 (1.09–2.38) 1.00 (Reference) 1.13 (0.73–1.74) 0.92 (0.54–1.57) 1.70 (1.01–2.86) 1.25 (0.69–2.27)
Short sleep duration 1.25 (1.01–1.55) 1.00 (Reference) 0.95 (0.76–1.20) 1.13 (0.87–1.46) 1.20 (0.87–1.66) 1.73 (1.23–2.44)
Perceived stress 1.20 (1.01–1.44) 1.00 (Reference) 1.09 (0.91–1.30) 1.26 (1.02–1.55) 1.10 (0.86–1.40) 1.43 (1.10–1.86)

Female (n = 11,656)
GAD-7 score ≥ 10 1.14 (0.90–1.45) 1.00 (Reference) 0.85 (0.63–1.14) 1.17 (0.78–1.75) 1.20 (0.80–1.79) 1.36 (0.82–2.25)
Short sleep duration 1.24 (1.07–1.44) 1.00 (Reference) 1.21 (1.00–1.45) 1.26 (0.96–1.67) 1.47 (1.08–2.00) 1.88 (1.28–2.75)
Perceived stress 1.04 (0.91–1.18) 1.00 (Reference) 1.00 (0.87–1.14) 0.90 (0.74–1.09) 0.96 (0.76–1.20) 1.25 (0.95–1.65)

Age < 65 (n = 14,201)
GAD-7 score ≥ 10 1.25 (0.98–1.59) 1.00 (Reference) 0.87 (0.65–1.15) 1.00 (0.70–1.43) 1.34 (0.96–1.88) 1.10 (0.73–1.67)
Short sleep duration 1.16 (0.97–1.39) 1.00 (Reference) 1.08 (0.90–1.29) 1.27 (1.01–1.60) 1.24 (0.96–1.59) 1.81 (1.38–2.37)
Perceived stress 1.14 (1.00–1.29) 1.00 (Reference) 1.05 (0.93–1.19) 1.10 (0.94–1.29) 1.06 (0.88–1.26) 1.33 (1.08–1.63)

Age ≥ 65 (n = 6303)
GAD-7 score ≥ 10 1.51 (1.05–2.16) 1.00 (Reference) 1.25 (0.80–1.97) 1.22 (0.61–2.43) 1.91 (0.68–5.37) 3.88 (1.22–12.39)
Short sleep duration 1.32 (1.11–1.58) 1.00 (Reference) 1.12 (0.89–1.41) 0.79 (0.55–1.13) 1.93 (1.09–3.41) 1.79 (0.98–3.26)
Perceived stress 1.10 (0.91–1.32) 1.00 (Reference) 0.91 (0.72–1.13) 0.87 (0.60–1.26) 1.00 (0.56–1.80) 1.72 (0.88–3.34)

Note: Odds ratios (ORs) and 95% confidence intervals (CIs) were estimated using survey-weighted generalized
linear models with a quasi-binomial distribution. The <100 mg/day category was used as the reference group.
Models were adjusted for sex (except in sex-stratified analyses), age group (except in age-stratified analyses),
body mass index, education, household income, marital status, alcohol consumption, smoking status, breakfast
frequency, total energy intake, carbohydrate, protein, fat, sodium, dietary fiber, total sugar intake, hypertension,
diabetes mellitus, and dyslipidemia.

4. Discussion
In this nationally representative study of Korean adults, caffeine intake showed a com-

plex association with mental health- and sleep-related outcomes. While moderate intake
was associated with lower prevalence of anxiety, both non-consumption and higher intake
levels (≥300 mg/day) were linked to increased odds of clinically significant anxiety symp-
toms, suggesting a non-linear association. In contrast, higher caffeine intake demonstrated
a clear dose–response association with short sleep duration and perceived stress.

Anxiety symptoms are influenced by multiple demographic, lifestyle, and health-
related factors [24]. Previous studies have identified female sex, younger age, lower
socioeconomic status, smoking, alcohol use, sleep disturbance, obesity, and chronic diseases
as important determinants of anxiety symptoms [25–27]. In addition, sleep-related factors
have consistently shown strong associations with anxiety, with short sleep duration and
poor sleep quality contributing to emotional dysregulation and increased psychological
distress [28]. Dietary factors have also gained attention, particularly caffeine intake, because
caffeine acts as a central nervous system stimulant through antagonism of adenosine
receptors and may increase sympathetic activity, arousal, and stress responses [29,30].

The present study extends previous evidence by demonstrating non-linear associations
between beverage-derived caffeine intake and mental health- and sleep-related outcomes
in a nationally representative Korean population using harmonized caffeine estimates
across multiple KNHANES cycles. While previous studies mainly focused on total caffeine
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intake or single beverage sources in limited populations [17,31], our approach enabled
standardized estimation of caffeine intake from diverse beverages. We observed that higher
caffeine intake was associated with short sleep duration, perceived stress and with elevated
odds of clinically relevant anxiety symptoms (GAD-7 score ≥ 10).

The observed non-linear association pattern for anxiety may reflect both behavioral
and biological mechanisms [32]. Individuals with existing anxiety symptoms may avoid
caffeine due to its known stimulatory effects [33], contributing to the elevated risk observed
among non-consumers. Conversely, high caffeine intake may exacerbate anxiety through
increased central nervous system stimulation, heightened arousal, and sleep disruption [10].
These findings are consistent with prior studies reporting bidirectional relationships be-
tween caffeine use and anxiety symptoms.

Caffeine is known to antagonize adenosine receptors, thereby delaying sleep onset
and reducing sleep efficiency [5]. In this study, individuals consuming ≥ 400 mg/day
had substantially higher odds of sleeping less than 6 h, with consistent findings across
subgroups. Given the well-established link between insufficient sleep and adverse mental
health outcomes, sleep disturbance may partially mediate the relationship between caffeine
and anxiety [34]. Sleep duration was not included as an adjustment variable in the anxiety
models because it could lie on the potential causal pathway between caffeine intake and
anxiety. Instead, sleep duration and anxiety were analyzed as separate outcomes.

From a public health perspective, our findings are consistent with current recommen-
dations to avoid excessive caffeine intake, particularly at levels ≥300–400 mg/day. In the
present study, beverage-derived caffeine intake around 100 mg/day was associated with
the lowest adjusted odds of clinically significant anxiety symptoms, whereas higher intake
levels were associated with poorer sleep and greater perceived stress. However, these
associations should be interpreted cautiously because of the cross-sectional design and the
potential for residual confounding. Public health messaging should therefore emphasize
moderation in caffeine consumption and consider its potential associations with sleep and
mental well-being, particularly among individuals at risk for sleep disturbances or anxiety.

In addition, moderate caffeine consumption may reflect healthier lifestyle patterns or
more favorable socioeconomic circumstances rather than the biological effects of caffeine
itself. Although we adjusted for a broad range of demographic, socioeconomic, lifestyle,
dietary, and clinical factors, residual confounding from unmeasured characteristics, such
as health consciousness, occupational factors, daily routines, social functioning, and other
health-promoting behaviors, cannot be excluded. Therefore, the observed associations
should be interpreted with caution.

Several limitations should be acknowledged. First, because of the cross-sectional
nature of this study, causal relationships cannot be established. Reverse causation remains
a plausible explanation for the observed associations. Individuals experiencing anxiety, psy-
chological distress, poor sleep, or other health conditions may intentionally reduce or avoid
caffeine intake or, conversely, increase caffeine consumption to alleviate fatigue. Therefore,
the observed non-linear association between caffeine intake and anxiety should not be
interpreted as evidence that moderate caffeine intake protects against anxiety. Prospective
longitudinal studies are needed to clarify the temporal relationship between caffeine intake
and mental health- and sleep-related outcomes.

Second, caffeine intake was estimated from a single 24 h dietary recall and food com-
position data and therefore reflects caffeine intake on the recall day rather than habitual
caffeine consumption. Accordingly, the observed associations should be interpreted as
relationships between recall-day caffeine intake and self-reported longer-term outcomes, in-
cluding two-week anxiety symptoms, habitual sleep duration, and perceived stress, rather
than as evidence of habitual caffeine consumption. Because caffeine intake was assessed
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using a single 24 h dietary recall, participants classified as having no caffeine-containing
beverage intake on the recall day should not be interpreted as habitual abstainers. This
group is likely heterogeneous and may include occasional consumers, individuals tem-
porarily avoiding caffeine-containing beverages, and those with caffeine exposure from
sources not captured in the present analysis. In addition, caffeine content may vary accord-
ing to beverage type, preparation method, serving size, and brand, which could not be
fully accounted for in the present analysis. Although standardized caffeine concentrations
were assigned to each beverage category, the actual caffeine content may vary according to
preparation methods, product formulations, serving sizes, and coffee types, which could
have resulted in some degree of exposure misclassification. Consequently, misclassification
is possible and may have attenuated the observed associations. In addition, the relatively
small number of anxiety cases in the ≥400 mg/day category (n = 40) may have limited
the precision of the estimated associations in this subgroup. Because caffeine concentra-
tions were assigned as category-level means rather than measured for individual products,
some degree of non-differential exposure misclassification is likely. Such misclassification
would generally be expected to bias associations toward the null, suggesting that the true
associations between caffeine intake and the study outcomes may be at least as strong as
those reported here. Sensitivity analyses in which the assigned caffeine concentrations for
cocoa-based and decaffeinated beverages were set to 0 mg/L yielded materially consistent
results (Supplementary Table S2), supporting the robustness of our findings to this source
of measurement error.

Third, although we adjusted for a wide range of sociodemographic and lifestyle fac-
tors, residual confounding cannot be excluded. Important variables, including psychiatric
history, psychotropic medication use, shift work, occupational stress, sleep timing, chrono-
type, and the timing of caffeine consumption, were not available in the KNHANES dataset
and therefore could not be considered. These unmeasured factors may have influenced
both caffeine intake and mental health- and sleep-related outcomes.

Fourth, perceived stress was assessed using a single self-reported question in KN-
HANES rather than a validated multi-item instrument such as the Perceived Stress Scale.
Although this item has been widely used in national health surveys, it may not fully capture
the multidimensional nature of psychological stress and may be subject to reporting bias
or misclassification. Therefore, the observed associations with perceived stress should be
interpreted cautiously.

Finally, this study evaluated total caffeine intake rather than specific caffeine-
containing beverages. Coffee, tea, cola, energy drinks, and cocoa-based beverages differ
not only in caffeine content but also in sugar content, bioactive compounds, consumption
patterns, and timing of intake, all of which may differentially influence mental health-
and sleep-related outcomes. Future studies examining beverage-specific associations may
provide additional insight into these relationships.

Although cognitive function represents an important aspect of brain health, stan-
dardized cognitive assessments were not available in the KNHANES 2021–2024 dataset.
Consequently, we were unable to examine the association between caffeine intake and
cognitive performance. Future prospective studies incorporating validated cognitive mea-
sures are needed to clarify the relationship between caffeine consumption, cognition, and
mental health.

5. Conclusions
In conclusion, caffeine intake was differentially associated with mental health- and

sleep-related outcomes, showing a non-linear association with anxiety, short sleep duration
and perceived stress. These findings should be interpreted as observational associations
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rather than evidence of causality. Longitudinal studies are needed to determine the direc-
tion and mechanisms underlying these relationships.

Supplementary Materials: The following supporting information can be downloaded at https:
//www.mdpi.com/article/10.3390/nu18152488/s1, Supplementary Table S1: Beverage classification
criteria, assigned caffeine concentrations, and KNHANES dish codes used to estimate beverage-
derived caffeine intake. Supplementary Table S2: Fully adjusted odds ratios (95% confidence intervals)
for mental health outcomes according to caffeine intake categories in the primary and sensitivity
analyses. Supplementary Table S3: Distribution of beverage-derived caffeine intake among Korean
adults by sex and age, KNHANES 2021–2024. Supplementary Table S4: Predicted adjusted odds
ratios (95% confidence intervals) at selected caffeine intake levels from the restricted cubic spline
models shown in Figure 2. Supplementary Table S5: Associations between caffeine intake categories
and mental health outcomes across sequential adjustment models.
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