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A cross-sectional ecological analysis of the relationship between
nutrient intake and mental health burden across income groups,
1990-2018

SELIN KALENDER - VELI DURMUS

Summary

Mental health disorders, particularly depression and anxiety, represent a growing global public health concern.
Although population-level nutrient intake may be associated with mental health burden, ecological evidence across
income groups remains limited. This study examined the association between nutrient intake and mental health burden
across 120 countries from 1990 to 2018, stratified by income levels. A cross-sectional ecological analysis was conducted
using country-level data from the Global Dietary Database and the Global Burden of Disease study. Nutrients were
categorised as potentially beneficial (omega-6 fats, folate, protein) or unhealthy (sugar-sweetened beverages, refined
grains, processed meats). Mental health burden was measured using prevalence and disability-adjusted life years.
Pearson correlations and multivariable linear regression analyses were employed. Unhealthy nutrient consumption
increased globally, particularly in low- and middle-income countries. Omega-6 fats and processed meats were positively
associated with depressive (B = 1554.04, p = 0.03) and anxiety disorders (B = 1976.09, p = 0.01). Protein intake was
associated only with anxiety (B = 17.51, p = 0.02). Upper-middle-income countries exhibited the largest increase in
mental health burden. Public health strategies should prioritise nutrient-dense diets, especially in transitioning econo-
mies, to mitigate the rising mental health burden. Future research should explore causal mechanisms and longitudinal
effects.
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Mental health disorders have emerged as
a global public health priority due to their increas-
ing prevalence and profound social, economic,
and healthcare implications, significantly affect-
ing both individuals and society as a whole [1].
According to the WHO Mental Health Report in
2022 [2], approximately one in eight individuals
worldwide lives with a mental disorder. The preva-
lence of specific mental disorders varies by sex and
age; however, anxiety and depressive disorders are
the most common among both males and females.
Further, depression is one of the leading causes of
disability globally, accounting for 11 % of all years
lived with disability (YLDs), particularly among

women, and contributing to 4.3 % of the global
burden of disease [3]. As societies experience
demographic transitions, urbanisation, and eco-
nomic development, the burden of mental illness
is increasing disproportionately across regions and
income levels [4]. While multiple biopsychosocial
factors influence mental health [5, 6], emerging
evidence highlights the role of nutrition as a modi-
fiable determinant for mental health that deserves
further exploration in global comparative con-
texts [7].

The relationship between nutrient intake and
mental health outcomes is complex and multi-
factorial [6, 8]. Recent developments in neuro-
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science and epigenetics show that both genetic and
environmental factors, including diet quality and
socioeconomic status, are linked to mental health
issues [9, 10]. Diets rich in essential micronutrients
such as omega-3 fatty acids, B vitamins, zinc, mag-
nesium, and iron are positively associated with
mental well-being and reduced risk of depression
and anxiety [10, 11]. Omega-6 polyunsaturated
fatty acids are structural components of neuronal
membranes and influence neurotransmitter signal-
ling, though their mental health effects are highly
dependent on the dietary omega-6 to omega-3
ratio; an elevated n-6/n-3 ratio promotes the syn-
thesis of pro-inflammatory eicosanoids that may
activate neuroinflammatory pathways implicated
in depression and anxiety [10, 11]. Conversely,
nutritional deficiencies, especially in low- and
middle-income countries (LMICs), may contribute
to poor neurodevelopment, increased vulnerability
to stress, and heightened susceptibility to mental
disorders [12]. At the population level, dietary
patterns and nutrient adequacy are influenced by
food security, economic resources, education, and
health literacy, which vary markedly between and
within countries depending on income classifica-
tion [13]. Lower-income groups often face finan-
cial constraints that limit their ability to afford nu-
trient-dense foods, leading to diets high in refined
sugars, unhealthy fats, and low-cost processed
items [14, 15].

Globally, the nutrition transition, marked by
a shift from traditional diets to processed, calorie-
dense, and nutrient-poor foods, has contributed
to adverse physical and mental health outcomes,
with rising rates of overweight and obesity largely
driven by rapid changes in the food system, in-
cluding increased availability of inexpensive ultra-
processed foods and beverages [14]. While high-
income countries may face challenges related to
overnutrition and the mental health consequences
of obesity and metabolic disorders, low-income
countries continue to struggle with undernutrition
and micronutrient deficiencies [16]. This diver-
gence raises an important question: to what extent
does nutrient intake mediate or correlate with
the mental health burden across income-diverse
settings over time? Understanding the cross-
sectional associations between nutrient intake and
mental health burden can inform both national
and global policies targeting mental health promo-
tion through improved dietary strategies. This is
particularly relevant for governments and interna-
tional organisations aiming to integrate nutritional
interventions into broader mental health frame-
works and sustainable development agendas.

Although nutritional psychiatry has gained

traction as a field examining the influence of
dietary patterns on brain function and mental
health outcomes [7], few global studies have sys-
tematically assessed the relationship between
nutrient intake and the burden of mental illness
across income-stratified populations [11]. Most
existing research is either limited to high-income
countries or focuses on individual-level data from
small cohorts, leaving a gap in understanding at
the population level. Moreover, longitudinal glo-
bal data linking dietary trends with mental health
outcomes are scarce [17]. This study aims to
address this gap by assessing country-level data on
nutrient intake and mental health burden across
120 countries from 1990 to 2018, using cross-sec-
tional analysis stratified by World Bank income
groups. Specifically, the present study seeks to
examine global trends in nutrient intake and men-
tal health disorders (depression and anxiety dis-
orders) over nearly three decades. It addresses
the following research questions, whether: (1) Is
there an association between nutrient intake and
mental health burden? (2) Has this association
changed over time in the context of globalisation
and dietary transitions? and (3) Which nutrients
are associated with the mental health burden at
the population level?

MATERIAL AND METHODS

Study design and procedure

This cross-sectional ecological study analysed
country-level data from 120 countries to examine
population-level associations between nutrient
intake and the burden of mental health disorders,
specifically depressive and anxiety disorders,
between 1990 and 2018. The analysis was strati-
fied by World Bank income groups (high, upper-
middle, lower-middle, and low income). The
burden of disease was measured in terms of both
prevalence and disability-adjusted life years
(DALYSs) per 100 000 population.

Data sources

Country-level dietary intake estimates were ob-
tained from the Global Dietary Database (GDD),
an academic research consortium coordinated by
the Friedman School of Nutrition Science and
Policy at Tufts University (Boston, Massachusetts,
USA), which compiles and harmonises dietary
data from multiple global sources. The GDD uses
nationally representative surveys in combination
with a Bayesian hierarchical modelling approach
to generate estimates by age, sex, and country. The
GDD integrates dietary intake data from diverse
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worldwide surveys using standardised instruments:
primarily 24-hour dietary recalls, food frequen-
cy questionnaires (FFQs), and short structured
questionnaires (such as Demographic and Health
Surveys); where individual data are unavailable,
household surveys converted to individual esti-
mates or biomarker data are included to fill gaps
across countries and nutrients. GDD’s predictive
models undergo formal cross-validation to assess
how well modelled intakes reflect observed survey
means, supporting the reliability of country- and
subgroup-level estimates; however, the validity of
nutrient measures is constrained by inherent limi-
tations of self-reported dietary instruments and
uneven data availability, especially for micronu-
trients in low-data regions, which introduces rec-
ognised measurement uncertainty. Detailed docu-
mentation on survey design, sampling procedures,
weighting strategies, and fieldwork is provided
elsewhere and has been published previously [18].

In the present study, nutrients were classified
as potentially beneficial or potentially unhealthy
based on established mechanistic and epidemio-
logical evidence. Potentially beneficial nutrients
such as total omega-6 fatty acids, folate (vitamin
B9), and total protein were selected because prior
research suggests these nutrients may support
neurobiological processes relevant to mental
health [10, 11]. For example, polyunsaturated
fatty acids, including omega-6, are integral com-
ponents of neuronal membranes and influence
neurotransmitter signalling, with observational
data linking higher omega-6 intake with reduced
depressive symptomatology and improved neuro-
chemical function in some populations [12]; folate
plays a role in one-carbon metabolism and neuro-
transmitter synthesis, with several studies report-
ing inverse associations between folate intake
and depression and anxiety symptoms [10]; and
protein intake provides essential amino acids that
serve as precursors for neurotransmitters impli-
cated in mood regulation, with dietary protein
quality linked to mood outcomes in observation-
al nutrition and psychiatry research [13, 15]. In
contrast, potentially unhealthy nutrients such as
sugar-sweetened beverages, refined grains, and
total processed meats were selected due to con-
sistent evidence associating these exposures with
adverse health outcomes that overlap with path-
ways relevant to mental health. High intake of
sugar-sweetened beverages and other components
of Western diets has been linked to elevated odds
of depressive and anxiety symptoms and increased
systemic inflammation, which may adversely
affect brain health [17]; refined grains and other
ultra-processed foods have been associated with

a higher risk of depression in meta-analyses of
observational data [17] and processed meats are
established contributors to metabolic dysregula-
tion and inflammation, which are mechanistically
and epidemiologically connected to mood disor-
ders and poor mental health outcomes [15, 17].

Data on the burden of mental health (depres-
sive and anxiety) disorders were obtained from
the Global Burden of Disease (GBD) 2021 study
(Global Burden of Disease Collaborative Net-
work based at the Institute for Health Metrics
and Evaluation, Seattle, Washington, USA),
which provides comprehensive and comparable
estimates of disease burden for over 350 diseases
and injuries across 204 countries and territories.
The GBD study employs standardised methodolo-
gies to quantify health loss in terms of prevalence,
mortality, and DALYSs, thereby enabling consistent
cross-national and temporal comparisons. The
use of DALYs allows for cross-country compari-
sons of mental health burden by integrating both
mortality and morbidity components into a single
standardised measure [19].

Data analysis

Prevalence rates of nutrient intake and mental
health disorders were summarised across income
groups. Summary statistics and trends over time
(1990-2018) were analysed to compare patterns
between high-income and low-/middle-income
countries. Pearson correlation coefficients were
calculated to explore bivariate relationships among
all variables, including nutrient intake, mental
health outcomes, and explanatory socioeconomic
indicators such as gross domestic product (GDP),
healthcare access and quality index (HAQ), rural
population ratio, and socio-demographic index
(8SDI), across countries.

The study sample comprised 120 countries
categorised according to the World Bank income
classification. These included 28 high-income
countries (e.g., the United States, Norway,
New Zealand, the Netherlands, Luxembourg),
32 upper-middle-income countries (e.g., Tirkiye,
Mexico, Dominica, Argentina), 29 lower-middle-
income countries (e.g., Comoros, Kenya, Nepal,
Pakistan, Tunisia), and 31 low-income coun-
tries (e.g., Eritrea, Malawi, Mozambique, Togo,
Uganda).

Multiple linear regression models were con-
ducted to assess the association between nutrient
intake and mental health outcomes, specifically
the prevalence of depression and anxiety. Sepa-
rate models were constructed for each outcome
variable, with both potentially beneficial and po-
tentially unhealthy nutrients included as inde-
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pendent variables. All models were adjusted for
the GDP per capita, HAQ, and SDI. Results are
presented as standardised beta coefficients and
p-values, with significance set at p < 0.05.

To assess the robustness of the ecologi-
cal associations observed at the country level,
sensitivity analyses were conducted by excluding
outliers, re-estimating the models within income
groups, and applying alternative specifications of
control variables and time points. These analyses
were undertaken to ensure that the observed asso-
ciations were not driven by specific model assump-
tions or the influence of individual countries.

Statistical results are reported using standard
epidemiological measures. Pearson correlation
coefficients (r) were used to quantify the strength
and direction of linear associations between coun-
try-level variables, with values ranging from -1
to +1, where values closer to +1 indicate strong-
er associations. Multivariable linear regression
coefficients (B) represent the estimated change in
the dependent variable associated with a one-unit
increase in the independent variable, adjusted for
covariates included in the model. Ninety-five per-
cent confidence intervals (95% CI) are reported to
indicate the precision of the estimated parameters;
a 95% CI represents the range within which the
true population parameter is expected to lie
with 95% confidence under repeated sampling
assumptions. All estimates reflect population-level
associations consistent with the ecological study
design.

All variables were normalised where necessary
to ensure comparability, and diagnostic tests were
conducted to check for multicollinearity and
heteroscedasticity. All analyses were performed
using the Statistical Package for Social Scienc-
es (SPSS) version 27.0 (SPSS, Chicago, Illinois,
USA).

RESULTS AND DISCUSSION

Descriptive analysis

Tab. 1 presents the prevalence of potentially
beneficial and unhealthy nutrient intake across
120 countries between 1990 and 2018, years by
country income group. Globally, a modest in-
crease was observed in the intake of potentially
beneficial nutrients, such as omega-6 fats and
vitamin B9 (0.26 pg-d! dietary folate equiva-
lents, 95% CI 0.18-0.44 ug-d-!), while protein
intake declined notably (-0.23 gdl, 95%CI
(-0.30)—(-0.18) g'd!). Unhealthy nutrients like
sugar-sweetened beverages (0.20 g-dl, 95%CI
0.15-0.25 g-d'!) and processed meats (0.16 g-d-1,

95% CI 0.12-0.20 g-d-1) increased significantly, in-
dicating a dietary shift toward more energy-dense
and processed foods. Tab. 1 illustrates a global
nutritional shift with disparities by income group.
While nutrient adequacy, such as increased intake
of folate and protein, improved across all income
groups, the consumption of unhealthy foods has
been increasing, particularly in LMICs.

Tab. 2 presents the prevalence and burden
(measured in DALYs) of depressive and anxiety
disorders across 120 countries, stratified by
income groups and reported for the years 1990
and 2018. At the global level, the prevalence of
both depressive and anxiety disorders has in-
creased, with depressive disorders showing
a more substantial rise (per 100000 population)
from 330596 (95%CI 2979.80-3738.07) to
3708.47 (95% CI 3339.69-4145.62), with a 12%
increase (95% CI 0.10-0.13), compared to a 5%
increase (95% CI 0.04-0.06) for anxiety disor-
ders. In high-income countries, the prevalence
and burden of both depressive and anxiety dis-
orders remained relatively stable. In contrast,
upper-middle-income countries exhibited the
largest increases across both mental disorders.
Depressive disorder prevalence increased by 20 %
(95% CI 0.18-0.21), and DALYs by 18 % (95% CI
0.17-0.19), while anxiety disorders saw rises of
13 % (95% CI 0.11-0.15) in prevalence and 12 %
(95% CI 0.11-0.13) in DALYs (all values per
100 000 population).

Tab. 3 displays bivariate correlations between
key variables, such as depressive and anxiety dis-
orders, nutritional indicators, GDP, HAQ index,
SDI, and rural population ratio, for 1990 and 2018.
In both years, total protein intake shows signifi-
cantly positive correlations with depressive and
anxiety disorders (r = 0.32 and r = 0.55) in 1990
and (r = 0.20 and r = 0.44) in 2018, respectively.
While omega-6 fats correlate weakly with depres-
sive disorders (r = 0.25) in 1990 and anxiety disor-
ders (r = 0.30) in 1990, these associations diminish
in 2018. Vitamin B9 shows a modest positive cor-
relation with anxiety ( = 0.27) in 1990, but loses
significance by 2018. In 1990, sugar-sweetened
beverages show a weak negative correlation with
depressive disorders and rural population ratio
(r = -0.18 and r = -0.28, respectively), yet by
2018, these associations become statistically insig-
nificant.

Tab. 4 displays the results of two multiple linear
regression models estimating the independent
associations between dietary, demographic, and
health system variables and national-level preva-
lence rates of depressive and anxiety disorders,
respectively. In both models, total omega-6 fat
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Tab. 1. Prevalence of daily intake of nutrients in 120 countries
between 1990-2018 years by country income groups.

1990 | 2018 | Change
Daily intake

Mean 95% Cl | Mean 95% CI | Mean 95% CI
POTENTIALLY BENEFICIAL NUTRIENTS
Global
Total omega-6 fat* [%] 2.7 2.6-2.7 2.7 2727 0.0 0.0-0.0
Vitamin B9 (folate) [ug-d-'] 198.12 | 177.07-226.86 | 250.77 |220.19-297.11 0.26 0.18-0.44
Total protein [g-d-1] 83.95 51.61-56.73 64.44 61.55-67.81 -0.23 (-0.30)—(-0.18)
High-income countries
Total omega-6 fat* [%] 2.6 2.6-2.7 2.7 2.6-2.7 0.0 0.0-0.0
Vitamin B9 (folate) [ug-d-'] 24111 |184.28-318.75| 257.55 | 198.98-338.54 0.06 0.03-0.08
Total protein [g-d-1] 80.20 72.12-89.82 83.54 75.16-93.56 0.04 0.02-0.06
Upper-middle-income countries
Total omega-6 fat* [%] 2.6 25-2.7 2.6 25-2.8 0.0 0.0-0.0
Vitamin B9 (folate) [ug-d-'] 261.52 | 198.00-357.93 | 298.11 |226.50-408.51 0.14 0.08-0.19
Total protein [g-d-1] 57.41 49.38-67.22 73.93 63.73-86.52 0.29 0.21-0.35
Lower-middle-income countries
Total omega-6 fat* [%] 2.6 2.4-2.7 2.6 2.5-2.7 0.0 0.0-0.0
Vitamin B9 (folate) [ug-d-] 201.87 | 150.59-277.57 | 237.93 | 177.49-326.77 0.17 0.12-0.21
Total protein [g-d-1] 54.60 47.38-63.09 63.32 55.34-72.67 0.15 0.09-0.20
Low-income countries
Total omega-6 fat* [%] 2.6 25-2.8 2.6 25-2.8 0.0 0.0-0.0
Vitamin B9 (folate) [ug-d-'] 205.25 | 154.68-278.73 | 253.86 | 189.99-325.12 0.23 0.17-0.28
Total protein [g-d-1] 51.19 43.16-60.72 55.61 47.15-65.78 0.08 0.05-0.11
POTENTIALLY UNHEALTHY NUTRIENTS
Global
Sugar-sweetened beverages [g-d-1] 86.47 82.44-90.98 103.47 96.33-111.61 0.20 0.15-0.25
Refined grains [g-d-] 289.46 |253.34-339.89 | 292.56 |259.68-336.61 0.01 0.00-0.02
Total processed meats [g-d-] 14.91 12.73-18.25 17.30 14.84-20.84 0.16 0.12-0.20
High-income countries
Sugar-sweetened beverages [g-d-'] 131.79 [109.68-161.41 | 139.82 | 115.11-172.74 0.06 0.03-0.09
Refined grains [g-d-1] 105.26 78.13-134.40 122.92 91.46-157.68 0.17 0.13-0.22
Total processed meats [g-d-] 27.47 20.27-38.32 33.95 24.46-45.93 0.24 0.16-0.29
Upper-middle-income countries
Sugar-sweetened beverages [g-d-1] 188.28 | 143.41-249.76 | 244.11 | 320.80-185.61 0.30 0.25-0.35
Refined grains [g-d"] 261.82 |198.44-338.34 | 251.97 |186.21-342.71 | -0.04 (-0.02)-0.06
Total processed meats [g-d-] 28.27 16.99-45.61 40.27 26.55-57.76 0.42 0.35-0.49
Lower-middle-income countries
Sugar-sweetened beverages [g-d-1] 123.59 | 90.76-170.14 188.48 | 136.84-260.21 0.52 0.43-0.60
Refined grains [g-d-] 251.08 |202.94-313.49 | 273.65 |226.04-335.31 0.09 0.06-0.12
Total processed meats [g-d-] 13.19 6.89-26.43 15.50 8.45-28.42 0.17 0.12-0.21
Low-income countries
Sugar-sweetened beverages [g-d-1] 85.33 58.18-124.98 224.24 16.76-306.18 1.63 1.51-1.74
Refined grains [g-d"] 216.31 | 165.45-281.52| 251.64 |198.05-316.85 0.16 0.14-0.21
Total processed meats [g-d-] 9.77 3.51-15.56 14.43 5.74-31.92 0.48 0.40-0.55

CI — confidence interval, * — percentage of a person’s total daily energy (calorie) intake comes from omega-6 fatty acids.
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Tab. 2. Prevalence and disability-adjusted life years for depressive and anxiety disorder rates
in 120 countries between 1990-2018 years by country income groups (per 100 000 population).

1990 2018 Change

Mean 95% ClI Mean | 95% ClI Mean | 95% Cl
DEPRESSIVE DISORDERS
Global
Prevalence 3305.96 2979.80-3738.07 3708.47 3339.69-4 145.62 0.12 0.10-0.13
DALYs 556.37 389.02-753.82 616.37 431.61-841.01 0.10 0.09-0.11
High-income countries
Prevalence 4438.75 3945.50-5035.64 4455.08 3961.64-5028.41 0.00 0.00-0.01
DALYs 757.88 524.39-1031.58 767.88 532.71-1048.34 0.01 0.00-0.01
Upper-middle-income countries
Prevalence 2943.30 2563.15-3411.47 3531.27 3093.50-4062.18 0.20 0.18-0.21
DALYs 501.43 342.37-686.21 594.18 405.87-814.50 0.18 0.17-0.19
Lower-middle-income countries
Prevalence 3258.31 2812.50-3822.25 3668.27 3182.67-4277.39 0.13 0.12-0.14
DALYs 563.65 380.07-774.78 627.91 424.61-857.75 0.11 0.10-0.12
Low-income countries
Prevalence 3511.78 3004.92-4 164.64 3610.51 3095.78-4276.17 0.03 0.02-0.04
DALYs 609.94 409.57-838.92 627.94 420.30-861.59 0.03 0.02-0.04
ANXIETY DISORDERS
Global
Prevalence 3617.36 3086.83-4247.09 3796.61 3272.85-4433.64 0.05 0.04-0.06
DALYs 431.17 296.50-591.48 450.13 311.34-612.40 0.04 0.03-0.05
High-income countries
Prevalence 5891.00 4913.20-7 064.94 5954.68 4988.27-7076.79 0.01 0.00-0.02
DALYs 697.23 472.86-957.79 700.26 478.67-957.36 0.00 0.00-0.01
Upper-middle-income countries
Prevalence 3760.55 3067.74-4632.60 4243.10 3499.14-5145.35 0.13 0.11-0.15
DALYs 450.44 301.65-630.25 504.45 339.46-697.97 0.12 0.11-0.13
Lower-middle-income countries
Prevalence 3124.45 2514.88-3900.22 3449.59 2803.15-4257.47 0.10 0.08-0.11
DALYs 373.99 247.94-527.90 412.37 275.32-578.83 0.10 0.09-0.11
Low-income countries
Prevalence 2987.99 2360.63-3804.57 3185.81 2515.71-4054.13 0.06 0.05-0.07
DALYs 355.96 232.59-509.22 381.80 248.53-544.21 0.07 0.06-0.08

DALYs — disability-adjusted life years, 95% C/ — confidence interval.
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Tab. 3. Correlations among dietary factors and mental health variables across 120 countries, 1990-2018.

Depressive Anxiety Rura[
Dietary factors disorders disorders GDP HAQ popr:tlfgmn SDi
Coefficient r

1990
Total omega-6 fat 0.25* 0.30* 0.10 0.12 -0.21* 0.11
Vitamin B9 (folate) 0.10 0.27** 0.16 0.24* —0.43** 0.25*
Total protein 0.32** 0.55** 0.48** 0.51** —0.50** 0.52**
Sugar-sweetened beverages -0.18 0.16 -0.03 0.05 —0.28** 0.14
Refined grains 0.26** 0.33** 0.36** 0.34** 0.04 0.28**
Total processed meats 0.16 0.11 0.21* 0.30** —0.33** 0.36**
2018
Total omega-6 fat 0.28** 0.27** 0.11 0.16 -0.06 0.12
Vitamin B9 (folate) -0.03 0.14 0.08 0.05 -0.12 0.03
Total protein 0.20* 0.44** 0.38** 0.52** -0.06 0.54**
Sugar-sweetened beverages -0.14 -0.05 -0.18 -0.15 -0.03 -0.10
Refined grains 0.16 0.31** 0.40** 0.35** 0.19* 0.33**
Total processed meats -0.15 0.07 0.23* 0.31** -0.04 0.35**

Rural population ratio - the percentage of a country’s total population that lives in rural areas.
GDP - gross domestic product, HAQ - healthcare access quality index, SDI - socio-demographic index.
Statistical significance: * — p < 0.05, ** —p < 0.01.

Tab. 4. Regression results of mental health variables.

Dietary factors 95% CI
Coefficient p value
Lower Upper

DEPRESSIVE DISORDERS
Total omega-6 fat 1554.04 276.52 2831.57 0.03
Vitamin B9 (folate) -1.22 -3.35 0.90 0.18
Total protein 6.63 -3.10 14.20 0.06
Sugar-sweetened beverages -0.09 -0.96 0.77 0.23
Refined grains 0.15 -1.33 1.65 0.35
Total processed meats 9.51 4.51 13.46 <0.01
Rural population ratio -4.59 -11.49 2.30 0.25
Nagelkerke R2 0.28
ANXIETY DISORDERS
Total omega-6 fat 1976.09 256.30 3695.88 0.01
Vitamin B9 (folate) 0.58 —2.28 3.45 0.36
Total protein 17.51 4.40 30.10 0.02
Sugar-sweetened beverages 0.77 -0.39 1.94 0.17
Refined grains 0.25 -1.75 2.26 0.24
Total processed meats 9.88 5.13 14.45 0.03
Rural population ratio —6.05 -15.33 3.23 0.19
Nagelkerke R2 0.36

Multivariable models were constructed after adjusting for gross domestic product (GDP), healthcare access and quality index
(HAQ), and socio-demographic index (SDI).

Nagelkerke R2 — pseudo R2, measure indicating the explanatory power of the model; higher values reflect better model fit.

ClI - confidence interval.
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intake emerged as a statistically significant and
positively associated predictor of depressive
(B =1554.04,95% CI 276.52-2 831.57) and anxiety
(B=1976.09, 95% CI 256.30-3 695.88) disorders.
A similar pattern was observed for processed
meat consumption, which also demonstrated sig-
nificant positive associations with both depressive
(B=9.51, 95% CI 4.51-13.46) and anxiety dis-
orders (B=9.88, 95% CI 5.13-14.45). Total pro-
tein intake was significantly associated only with
anxiety disorders (f =17.51, 95% CI 4.40-30.10),
while its association with depressive disorders was
marginal and did not reach statistical significance.
In contrast, other dietary variables, such as sugar-
sweetened beverage intake, refined grain intake,
and vitamin B9 (folate), were not significantly
associated with either depressive or anxiety disor-
ders after adjusting for the other variables in the
model.

This cross-sectional ecological study, which
analysed country-level data on nutrient intake
and mental health burden across 120 countries
from 1990 to 2018, identifies population-level
associations between dietary factors and mental
health outcomes. By contributing to the expanding
field of nutritional psychiatry [7], these findings
underscore the role of diet in shaping brain
health. Notably, the study reveals significant asso-
ciations between specific nutrient intakes and the
prevalence of depressive and anxiety disorders,
with clear disparities observed across income
groups. The analysis revealed a global shift in
dietary patterns over the nearly three-decade
study period. The intake of potentially beneficial
nutrients, such as omega-6 fatty acids and vita-
min B9 (folate), increased modestly, while protein
intake declined. Conversely, the consumption of
unhealthy nutrients, including sugar-sweetened
beverages and processed meats, rose significantly.
These trends align with the broader “nutrition
transition” described in prior research [20], where
diets shift toward energy-dense, processed foods
at the expense of nutrient-rich whole foods. This
transition is most clearly characterised by the
global spread of the Western dietary pattern and
the rise of processed food consumption. Processed
foods simultaneously deliver high loads of refined
sugars, unhealthy fats, sodium, and additives
while being depleted in fibre, micronutrients, and
bioactive compounds. The displacement of tra-
ditional, fibre-rich, whole-food dietary patterns
by ultra-processed alternatives may therefore
represent a key mechanistic pathway linking the
nutrition transition to the rising mental health
burden, particularly in low- and middle-income
countries where this shift has been most rapid.

Today, almost every country in the world is expe-
riencing these changes [14]; however, the transi-
tion has been most pronounced in LMICs, where
the rise in unhealthy nutrient intake has coincided
with the largest increases in depressive and anxi-
ety disorders [21]. These trends may be associated
with poorer mental health outcomes, as deficien-
cies in antioxidants, known for their protective
effects against depression, may contribute to the
development or worsening of depressive symp-
toms [22]. However, the current study revealed
that the prevalence and DALYs associated with
depressive and anxiety disorders have increased
over time, particularly in countries experiencing
rising income levels. A possible explanation may
be that awareness and prioritisation of mental
health issues remain limited in many LMICs, re-
sulting in the insufficient availability of screening,
referral, and treatment services [23, 24].

While omega-6 fats are essential for brain
function, excessive intake, particularly when un-
balanced with omega-3 fatty acids, has been
linked to pro-inflammatory processes [25] that
may exacerbate mental health disorders [26].
Furthermore, a systematic review and meta-
analysis identified an association between a high
n-6/n-3 polyunsaturated fatty acid ratio and an in-
creased risk of depression [27]. These results are
partially consistent with the findings of the present
cross-sectional study, which identified a significant
contribution of omega-6 intake to the prevalence
of depressive disorders. It should also be noted
that the impact of fatty acids is influenced by the
overall nutrient profile and lifestyle factors, in-
cluding diet quality, physical activity, and comor-
bid health conditions. Numerous studies have also
emphasised that a balanced intake of omega-6
fatty acids plays a significant role in the preven-
tion and management of depressive disorders [27,
28]. These findings underscore the importance of
examining not just individual nutrients but their
ratios and broader dietary patterns.

Processed meats are typically high in saturated
fats, sodium, and preservatives like nitrates, which
may disrupt gut microbiota and promote systemic
inflammation, a known risk factor for mental
health disorders [29]. Consistent with the findings
of the current study, findings from multiple meta-
analyses of cross-sectional studies have demon-
strated that higher consumption of processed
foods is significantly associated with increased
odds of experiencing depressive and anxiety
symptoms [30]. This highlights the importance of
dietary composition, as lean protein intake has
been inversely associated with depression and
anxiety, while processed meat intake shows a posi-
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tive association with anxiety [31]. However, higher
consumption of red meat, which is considered
a lean protein, has been linked to an increased risk
of depressive symptoms, anxiety, and psychologi-
cal distress in women, as demonstrated by a cross-
sectional study [32]. A possible explanation for
the observed associations is that the quality and
source of macronutrients may influence mental
health outcomes through both biological mecha-
nisms (e.g., neuroinflammation) and behavioural
factors (e.g., overall dietary patterns). Further-
more, differences in metabolic or hormonal
responses to red meat intake, as well as lifestyle
factors such as physical activity, smoking, alcohol
consumption, socioeconomic status, and stress
levels between groups, may also contribute to the
observed associations [14, 15, 21]. Divergent find-
ings on this issue have been reported in the litera-
ture. The relationship between meat consumption
and depression was examined in a meta-analysis
comprising two case-control studies, three cohort
studies, and three cross-sectional studies. Over-
all, the analysis found no significant association
between red meat intake and increased risk of de-
pression. However, some cohort studies within the
meta-analysis did report that meat consumption
was associated with a 13% higher risk of develop-
ing depression [33].

Interestingly, in this study, sugar-sweetened
beverages, refined grains and folate did not
show significant associations in adjusted models,
despite their well-documented links to metabolic
disorders [9, 14]. Results from a multi-popula-
tion survey showed that higher consumption of
sugar-sweetened beverages is individually asso-
ciated with increased levels of psychological and
behavioural problems [33], despite contradic-
tory findings reported in a more recent study
[30] On the other hand, findings from systematic
review and meta-analysis of observational studies
suggested that refined grain intake was not signifi-
cantly correlated to the risk of anxiety [33]. This
discrepancy may arise from the ecological nature
of the present study, where population-level
data obscure individual-level effects, or from the
influence of other mediating factors (e.g., physi-
cal activity, genetic predispositions). The lack of
association for folate contrasts with meta-analyses
showing that folate supplementation can reduce
depressive symptoms [11]. This divergence may
stem from methodological differences. Firstly, the
present study assessed dietary folate at the country
level, whereas clinical trials often focus on high-
dose supplementation in deficient individuals.

The disparities across income groups also
merit discussion. High-income countries, despite

higher intakes of processed meats and sugar-
sweetened beverages, exhibited stable mental
health trends. This could reflect better health-
care access, stronger social safety nets, or earlier
adoption of public health interventions [13]. The
observed positive correlation between higher nu-
trient intake and mental disorder prevalence in
high-income countries likely reflects diagnostic
ascertainment differences rather than a direct bio-
logical effect of nutrients. High-income countries
benefit from substantially more developed psy-
chiatric infrastructure, including a greater density
of mental health professionals, broader population
coverage of mental health services, routine screen-
ing programmes, and reduced cultural stigma sur-
rounding diagnosis and help-seeking behaviour.
These systemic factors increase the rate of case
detection and formal diagnosis, which elevates
reported prevalence figures independently of the
true underlying burden of disease. Conversely,
LMICs face a “double burden” of malnutrition
and rising mental health disorders, exacerbated by
rapid urbanisation and unequal resource distribu-
tion [16]. This finding aligns with a priori analy-
ses showing that LMICs are experiencing rapid
growth in the consumption of processed foods and
beverages. Furthermore, these countries can reach
the same high levels of consumption observed in
high-income countries, along with the associated
negative health impacts [20]. As a result, the GBD
prevalence estimates used in this study are not
purely reflective of true illness burden but are also
shaped by each country’s capacity for detection
and reporting. This has direct implications for the
interpretation of our regression findings: nutrients
consumed at higher levels in wealthier countries —
such as omega-6 fatty acids and processed meats —
may appear positively correlated with mental
disorder prevalence partly because both are simul-
taneously elevated in high-income, high-detection
settings, rather than because of any true dietary re-
lationship. All cross-national comparisons of men-
tal health prevalence in this study should therefore
be interpreted with this systematic ascertainment
differential in mind.

While the study offers valuable insights, several
limitations must be acknowledged. The ecological
design of this study introduces the risk of ecologi-
cal fallacy, as associations observed at the country
level may not reflect individual-level relationships.
Therefore, the findings cannot be interpreted as
evidence of causal effects at the individual level.
Second, both nutrient intake and mental health
estimates are based on modelled data rather
than direct measurements, which may limit their
precision. Furthermore, potential unmeasured
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confounders, such as stress, trauma, or cultural
factors, were not accounted for in the analysis.
Finally, substantial heterogeneity exists across
countries in terms of healthcare systems, diag-
nostic practices, data quality, and socioeconomic
conditions. These differences may influence both
nutrient intake estimates and reported mental
health burden, potentially affecting cross-country
comparability. An additional limitation relates to
the use of modelled secondary data sources. The
GDD relies on self-reported dietary assessment
instruments, which are subject to well-documented
measurement errors, including recall bias, social
desirability bias, and inaccuracies in portion size
estimation. Moreover, data availability is uneven
across countries and nutrients, particularly in low-
data regions, introducing model-based uncertainty
that may be greatest in the low-income country
subgroup most relevant to our findings. Similarly,
estimates of depressive and anxiety disorders from
the GBD study are derived from statistical models
that synthesise multiple data inputs of varying
quality and coverage across countries. Differences
in data availability, diagnostic practices, and re-
porting systems may affect the accuracy and com-
parability of these estimates. The combined use of
two modelled datasets may introduce compound-
ed uncertainty, which could influence the magni-
tude and precision of the observed associations.
Therefore, the findings should be interpreted as
approximate population-level associations rather
than precise estimates, and caution is warranted
when comparing results across countries and
income groups.

CONCLUSIONS

This cross-sectional ecological study of
120 countries from 1990 to 2018 provides critical
insights into the complex relationship between
nutrient intake and mental health burden across
income groups. The findings highlight significant
global dietary shifts, marked by increased con-
sumption of unhealthy nutrients such as sugar-
sweetened beverages and processed meats, along-
side modest improvements in potentially beneficial
nutrients like omega-6 fats and vitamin B9. These
trends were particularly pronounced in low- and
middle-income countries, reflecting the broader
nutrition transition toward energy-dense, nutrient-
poor diets. Notably, the mental health burden,
measured by prevalence and DALYs for depres-
sive and anxiety disorders, increased globally,
with the most substantial rises observed in upper-
middle-income countries.
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The results underscore the importance of in-
tegrating nutritional strategies into mental health
policies, particularly in low- and middle-income
settings. Public health initiatives should priori-
tise reducing the consumption of processed foods
and promoting diets rich in potentially beneficial
nutrients to mitigate the growing mental health
burden. Tailoring such interventions to the socio-
economic and cultural contexts of specific income
groups will be essential to address disparities
in dietary quality and mental health outcomes.
Given the cross-sectional design, causal inferences
cannot be drawn, and further longitudinal and
interventional studies are warranted to clarify
the temporal and mechanistic pathways linking
nutrient intake with mental health burden.
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