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Editorial on the Research Topic

Nutrition and sustainable development goal 3: good health
and wellbeing

Nutrition is recognized to play a pivotal role in human life and its existence. Investing
in nutrition yields significant returns for individuals—enhancing school performance and
workforce productivity—and societies—enhancing national economic growth. This creates
a ripple effect that extends beyond individual health. Nutrition is deeply interconnected
with at least 12 of 17 Sustainable Development Goals (SDGs) and is crucial for achieving
these goals.

In this Research Topic on Nutrition and Sustainable Development Goal 3: Good
Health and Wellbeing, we provide recent evidence on the role of nutrition in promoting
good health and wellbeing, as well as the future of food. SDG 3 addresses a wide range
of disease conditions across all age groups, encompassing maternal and child health,
non-communicable diseases, communicable diseases such as AIDS, tuberculosis, malaria,
neglected tropical diseases, hepatitis, water-borne diseases, and substance use disorders.
The Global Burden of Diseases study in 2017 attributed 11 million (95% uncertainty
interval [UI] 10-12) deaths and 255 million (234-274) DALY to dietary risk factors (1).

With the economic, demographic, and epidemiological changes in both low- and
middle-income countries, there has been a drastic shift in dietary consumption and energy
expenditure, commonly referred to as the “nutrition transition” (2). This transition has
contributed to the burden of malnutrition, characterized by overnutrition, undernutrition,
and micronutrient deficiencies often called “hidden high hunger.” Sub-optimal intake
of healthy food is one of the major drivers of non-communicable diseases (NCDs),
such as diabetes, obesity, and other metabolic disorders, as well as cardiovascular
diseases. Undernutrition, mostly due to poverty, hunger, and nutrition illiteracy, results
in stunted growth, poor maternal and child health outcomes, and greater susceptibility
to communicable diseases. Globally, malnutrition remains a persistent challenge. Several
regions across the world are witnessing the paradoxical coexistence of undernutrition and
overnutrition. Kumma et al. in a study involving 2,483 Ethiopian participants aged 25-64
years, reported changing dietary patterns within the Ethiopian population, with the co-
existence of Western, traditional, and healthy dietary patterns. The study highlighted the
association between these changing dietary patterns and one or more cardiovascular risk
factors, with Western diet consumers being at a higher risk compared to traditional diet

7 frontiersin.org
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consumers. The authors emphasized the need to promote
healthy and traditional dietary patterns, along with physical
activity, to address the rising incidence of cardiovascular diseases
in Ethiopia. Similarly, Chen et al. identified distinct dietary
patterns, namely vegetable-rich, animal-food, and prudent dietary
patterns, using data from the Nutrition and Health in Southwest
China (NHSC) 2013-2018 survey. The prudent dietary pattern,
characterized by ethnic foods, whole grain products, fruits, eggs,
and dairy and wheat products, was associated with lower systolic
and diastolic blood pressure among the Southwest Chinese
population. Adeba et al. in their study in Western Ethiopia,
reported high prevalence of unhealthy dietary practices (73.3%),
which were found to be associated with low income, being
unmarried, daily meal frequency, and poor knowledge about a
healthy diet.

Sustainable Development Goals envisage holistic development
and well-being from the perspective of a life-course approach.
Good Nutrition lays the foundation of health, that begins at
the preconception stage to proper growth and development in
childhood and adolescence, and good health and wellbeing in
the adulthood. Adequate nutrition during the first 1,000 days of
life (3) is critical for physical growth and cognitive development.
Childhood undernutrition causes nearly 45% of deaths among
children under the age of 5 (3) (WHO) and results in long-term
irreversible effects, including impaired physical growth, recurrent
infections, and cognitive underdevelopment (4). In a randomized
intervention study by Gsoellpointner et al. in Vienna, nutrient
supplementation through the early introduction of solid foods
improved zinc, calcium, and phosphorus intake in very low
birth weight (VLBW) infants during the first year of life. The
authors further recommended prolonged iron and vitamin D
supplementation for least 12 months to meet the recommended
levels. Larson et al., in a meta-analysis of trials on egg consumption
and growth in children, found significant improvements in the
height and weight of children who consumed eggs compared to
the control group, suggesting that eggs are an affordable nutritional
option in low- and middle-income countries. Beyond dietary
supplementation, significant attention must be given to addressing
the social determinants of health to combat malnutrition. A
study by Sanin et al. explored the factors influencing childhood
undernutrition in vulnerable regions of Bangladesh using data from
the Bangladesh Demographic and Health Survey (2007-2018).
A decadal reduction in stunted growth and underweight among
children under five was observed. The study found that urban
residence, the child’s age and gender , morbidity, maternal body
mass index, maternal and paternal education, decision-making
ability, use of contraceptives, the occurrence of domestic violence,
antenatal care, mode of delivery, birth interval, and geographic
region were all associated with childhood malnutrition.

Adolescence is a transitional phase of human life, marking
the shift from childhood to adulthood, and is characterized by
physical, mental, and psychosocial changes. Survivors of childhood
malnutrition often experience chronic energy deficiency (CED)
and more than one type of malnutrition. Yulia et al. in a study
conducted in Indonesia, found that half of the adolescents in
urban (54%) and rural (61.7%) areas were at risk for CED
and consumed inadequate macronutrients. The double burden
of malnutrition (DBM), characterized by both overnutrition
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and undernutrition, is predominant in low- and middle-income
countries due to the complex interaction of poor nutrition,
biological factors, and environmental and social influences across
the life course. A school-based study by Getacher et al. among
individuals aged 10-19 years in Ethiopia found a DBM prevalence
of 21.5% (14.8% thinness and 6.7% overweight/obesity), which
was associated with age, gender, type of school, dietary diversity,
meal frequency, home gardening practice, illness history, and
knowledge of nutrition. Multi-sectorial interventions addressing
the two contradictory nutrition paradigms are crucial for alleviating
the growing burden of malnutrition. Healthy eating among
adolescents can be promoted by creating supportive environments
for healthy eating and physical activity in educational settings,
starting from the early years. Preschool and school educators
need to be trained with the necessary skills and expertise to
support the holistic development of children, including fostering
healthy behaviors related to diet and physical activity. Educational
institutions are platforms for molding healthy future generations.
In a study by Lafave et al., the CHEERS eHealth program improved
nutrition and physical activity practices within early childhood
education and care (ECEC) centers. They found that educators’
personal nutrition-related knowledge, attitude, and behaviors were
positively associated with their self-assessments of the nutrition
environment and practices in ECEC centers. The CHEERS survey’s
Food Served subscale further showed a positive correlation with
the objective measures of the EPAO-Foods Provided and Nutrition
Policy subdomains.

Maintaining an optimal body mass index is critical at all stages
of life. Globally, 49% of adults are overweight or obese. Several
studies continue to explore the diet-related factors that contribute
to obesity, as well as effective nutritional therapies to prevent
it. Cattaneo et al, in an RCT, observed that a 4-week restricted
Mediterranean diet was effective in improving anthropometric and
blood parameters among participants with severe obesity. The
authors recommend targeting taste as a new approach to prevent
the risk of therapeutic failure. Another randomized controlled trial
by Hooshiar et al., among women with obesity and overweight in
Iran, showed that the alternate day modified fasting (ADMF) diet
was effective in weight reduction [—5.23 (1.73) vs. —3.15 (0.88); p
< 0.001] and body mass index [—2.05 (0.66) vs. —1.17 (0.34); p <
0.001] compared to the daily calorie restriction (CR) diet. There
were significant improvements in sleep and daytime dysfunction.
Future studies need to explore the long-term effects of the ADMF
diet on overweight/obesity. Conversely, low BMI was found to be
inversely related to mortality (5). A study by Ishikawa et al., found
improvements in the physical and mental health scores of health-
related quality of life within 12 weeks of medium-chain triglycerides
(MCT) supplementation and moderate-intensity walking exercise
among sedentary older adults aged 60-74 with low BMI values
(<24 kg/m?).

Nutritional epidemiological studies have established irrefutable
evidence on the relationship between diet and chronic diseases,
and several observational studies, trials, and meta-analyses have
examined the complex relationship between diet and diseases. A
prospective cohort study by Kityo et al. in Korea among 13,568
adults included in the Health Examinees-Gem (HEXA-G) reported
high intake of processed red meat to be a risk factor for all-cause
mortality [men: hazard ratio (HR) 1.21, 95% CI 1.07-1.37; women:
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HR 1.32,95% CI 1.12-1.56]. An increased risk of all-cause mortality
(HR 1.21, 95% CI 1.05-1.39) and cancer mortality (HR 1.24, 95%
CI 1.03-1.50) was observed in women with high intake of organ
meat. Moderate intake of pork belly was associated with a reduced
risk of all-cause mortality in men (HR 0.76, 95% CI 0.62-0.93) and
women (HR 0.83, 95% 0.69-0.98), but high intake was associated
with an increased risk of CVD mortality in women (HR 1.84, 95%
CI 1.20-2.82). Xing et al, in a mendelian randomization analysis
on a European cohort, showed genetically determined tea intake
to have a causal impact on total body bone mineral density (TB-
BMD), with an odds ratio (OR) of 1.204 (95% CI: 1.062-1.366, p
= 0.004), especially in the age group of 45-60 years (OR = 1.360,
95% CI: 1.088-1.700, p = 0.007). Tea consumption was found
to increase bone density and reduce the risk of osteoporosis in
the age group of 45-60 years within the European population.
The findings of a large-scale prospective cohort study in the
US by Qi et al, involving 101,190 participants with a median
follow-up of 12.2 years, suggested that dietary glycaemic index
was associated with a higher risk for renal cancer (HR Q3 vs.
QI: 1.38; 95% CI: 1.09-1.74). Further studies are recommended
in other populations to establish dietary GI as a modifiable
risk factor for renal cancer prevention. Torabynasab et al. in
a systematic review and meta-analysis of cross-sectional studies,
found a protective effect of dietary caffeine against the development
of depression, with no evidence linking tea consumption. The
authors recommended further longitudinal studies to establish the
causal relationship between coffee, tea, and caffeine and the risk of
depression. Al-Maweri et al,, in an updated meta-analysis, found
a significant association between low serum levels of vitamin D
and the risk of recurrent aphthous stomatitis (mean difference =
-8.73,95% CI: - 12.02 to - 5.44) and recommended screening and
supplementation of Vitamin D for the prevention and treatment
of aphthous stomatitis. Wang X. et al. observed a relationship
between vitamin K and metabolic dysfunction-associated fatty liver
disease (MAFLD) among individuals from the United States using
the National Health and Nutrition Examination Survey 2017-2018.
The -MAFLD population had lower vitamin K intake than the
non-MAFLD population, suggesting a protective effect. Further
prospective studies or intervention trials are warranted to establish
the causal relationship.

Recent advances in molecular epidemiology have paved the
way for a greater understanding of the molecular determinants of
nutritional imbalances and disorders. The Oxidative Balance Score
(OBS), which assesses the impact of diet and lifestyle on oxidative
stress, has been linked to lower risks of metabolic syndrome. Liu
and Chen found the OBS to be inversely related to the risk of
NAFLD among 6,341 adult participants using the US National
Health and Nutrition Examination Survey 1999-2018. On a similar
note, Park et al. found an inverse relationship between the OBS
and metabolic syndrome among 2,735 adults over 19 years and
5,807 adults aged 40-69 years using data from the Korean National
Health and Nutritional Examination Survey (KNHANES) and the
Korean Genome and Epidemiology Study (KoGES), respectively.
These findings suggest the benefits of a healthy lifestyle for the
prevention of metabolic syndrome. Wang P. et al. observed a 24%
decrease in the risk of non-cancer mortality (aHR = 0.76, 0.60-
0.92) among 5,009 cancer patients who had higher dietary total
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antioxidant capacity (DAC) but no significant effect on all-cause
or cancer mortality. Higher dinner DAC, rather than breakfast
or lunch DAC, was associated with a 21% lower risk of all-cause
mortality (aHR = 0.79, 95% CI: 0.65-0.98) and a 28% lower risk of
non-cancer mortality (aHR = 0.72, 95% CI: 0.57-0.90). The authors
emphasized the importance of advocating for DAC consumption at
dinner to reduce mortality risk in cancer survivors.

Nutraceuticals—nutrient-based ~ supplements and plant-
derived products—are gaining recognition for their health benefits.
Derbo et al. in a community-based study in Ethiopia, found
that 49.6% of participants consumed Moringa stenopetala leaves
(locally known for reducing the risk of malnutrition, low birth
weight, and anemia) during pregnancy. Factors associated with
the consumption included younger age (below 24 years), rural
residence, antenatal care attendance, a history of contraceptive
use, and having good knowledge about the importance of Moringa
stenopetala. Studies have shown that omega-3 fatty acids (Gui
et al.) improve nutritional status and reduce chronic inflammation
in cancer patients, while flaxseed supplementation (Musazadeh
et al.) had no significant effect on sex hormone levels. Li et al., in
a meta-analysis of RCTs, found that oral intake of fruits or fruit
extracts led to significant improvements in skin hydration and a
decrease in transepidermal water loss (TEWL). Wang N. et al. in
animal studies, reported that consuming fermented wax gourd,
a traditional food of Eastern China, enhanced the presence of
beneficial probiotics and reduced pathogenic Helicobacter sp. in
the mouse gut.

Synbiotics, which combine probiotics and prebiotics, are
another promising area of research. However, a study by Talebi et al.
among women with polycystic ovary syndrome (PCOS) yielded
mixed results, highlighting the need for more rigorous trials.

Nutritional literacy is recognized to have a positive influence
on behavior change and the adoption of healthy eating practices.
However, many populations, especially those living with HIV or
in low-income regions, still face significant barriers to proper
nutrition. Gemede et al. observed that poor nutritional knowledge
and practices among HIV-positive adults in Ethiopia were 74.9
and 69.1%, respectively. Nutritional knowledge was associated with
factors such as educational level, monthly income, occupation, and
marital status. A study by Zhang et al. showed that knowledge,
attitude, and practices regarding oil and salt intake were relatively
poor, with factors such as region, ethnicity, urban and rural
residence, education, taste preference, and the prevalence of
chronic diseases influencing the oil- and salt-related KAP scores.
Yang et al, in a study among elderly populations in rural China,
found that higher dietary indices were associated with better quality
of life scores, highlighting the important role of a healthy diet in
improving overall wellbeing.

The COVID-19 pandemic has had both short- and long-
term effects on health, particularly affecting eating habits and
lifestyle behaviors. Rafraf et al, in their study, found that
university students experienced weight gain, reduced physical
activity, and worsened sleep quality during the pandemic. In
Indonesia (Fatmah), food insecurity worsened, affecting many
families’ ability to access nutritious foods. These findings
highlight the need to address nutritional needs during and after
a pandemic.
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At the population level, nutrition policies play a crucial
role in promoting health. Kirk et al. examined the impact of
the Affordable Care Act (ACA) on nutrient consumption in
the United States, using data from the National Health and
Nutrition Examination Survey (NHANES). The study found that
the intake of micronutrients from nutrient-dense foods, such
as fruits and vegetables, did not change significantly after the
ACA was implemented. However, there was an increase in
the use of nutritional supplements after the ACA (p = 0.05),
particularly for magnesium (OR = 1.02), potassium (OR = 0.76),
vitamin D (both D2 and D3, OR = 1.34), vitamin K (OR =
1.15), and zinc (OR = 0.83). This trend was observed in both
the general population and specific subgroups, including cancer
survivors and Medicaid recipients. Given the connection between
increased supplement use and expanded insurance coverage, the
authors call for further research to better understand how broader
access to nutritional supplements might influence the intake of
both micronutrients and macronutrients, helping to meet daily
recommended nutritional requirements.

Achieving SDG 3 requires a comprehensive approach to
nutrition that extends beyond health to include sustainable
food systems and equitable food distribution. Advances in food
production and technology are essential for improving food
quality and ensuring access to healthy food. Unsustainable
agricultural practices, food waste, and inequitable food distribution
exacerbate environmental degradation and hinder equitable access
to nutritious foods. To address this disparity, it is critical to focus
on a new model of sustainable food production to improve food
systems. Wang and Zhang in a review, shed light on the “big food
view” to enhance food production, improve quality and diversity
through scientific and technological innovation, and enable access
to healthy food for better living.

The path to achieving SDG 3 is closely linked to the
global commitment to improving nutrition. Without addressing
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Introduction: Undernourishment is disproportionately spread within
Bangladesh, making some regions like Sylhet more vulnerable than the
rest of the country. We aimed to assess the trend of diverse associated factors
related to childhood stunting, wasting, and being underweight. Furthermore,
we have compared the estimated factors between Sylhet, the most vulnerable
region, and other parts of Bangladesh.

Methods: We performed a secondary data analysis where data were derived
from the nationally representative cross-sectional surveys: Bangladesh
demographic and health survey (BDHS) 2007, 2011, 2014, and 2017-18
rounds. The outcome variables were childhood undernutrition, including
stunting, wasting, and being underweight. Descriptive statistics such as mean,
standard deviation, frequency, and proportion were used to summarize the
data. All variables were summarized by BDHS survey time points. We used
multiple logistic regression models to measure the associated factors with
childhood stunting, wasting, and being underweight.

Results: The percentage of children under the age of 5 years who were
stunted declined from 40% in 2007 to 31% in 2018. Similar trends are observed
in the decrease in the percentage of underweight children, dropping from
39% in 2007 to 22% in 2018. Wasting dropped to 8% in 2018 after years of
critically high levels (17%). According to the results of the regression analyses,
urban residence, child’'s age and gender, morbidity, maternal BMI, maternal
and paternal education, decision-making ability, use of contraceptives, the
occurrence of domestic violence, antenatal care, c-section, and birth interval,
as well as geographic region, were all linked to childhood malnutrition.

Conclusion: The Sylhet division falls short in several critical associated
indicators, including parental education, maternal BMI, obtaining at least four
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ANC, women empowerment, and usage of contraceptives. Policymakers must
concentrate on region-specific planning and proper intervention to achieve a
more uniform improvement across the country.

undernutrition, stunting, wasting, underweight, Sylhet region, Bangladesh, trend

Background

Undernutrition includes wasting (low weight-for-height),
stunting (low height-for-age), and underweight (low weight-
for-age). Low weight-for-height is known as wasting, indicating
acute and severe weight loss. Low height-for-age or stunting
is a consequence of chronic undernutrition. Underweight
or low-weight-for-age children are a combination of the
above two outcomes and can be stunted, wasted, or both
(1, 2). Undernourished children face greater vulnerability to
disease and subsequent death as nearly 45% of deaths among
children under 5 years of age could be directly related to
this (3). A significant portion of these children come from
low- and middle-income countries. However, the prevalence
of undernourished children greatly varies within the same
country. This is well evident that undernutrition is an adverse
outcome modulated by multidimensional components (4).
These encompass direct factors such as poor dietary habits
and illness (5); lack of food security and inadequate water,
sanitation and hygiene commodities (6); insufficient access to
health services (7) and overarching social factors like poverty
with economic and demographic disadvantages (8). All these
elements vary between and within countries, which requires
context-specific research to develop interventions supported by
evidence (9).

Bangladesh has achieved impressive social and economic
development growth over the past three decades. Yet, a hefty
proportion of its population (43%) lives under the poverty
line of 1.25 dollars per day (10). Such a vast population
unable to afford nutritious food or access improved healthcare
facilities, makes the goal of reducing the country’s prevalence of
undernourished children extremely challenging. Furthermore,
undernourishment is disproportionately spread within the
country, making some regions even more vulnerable than others
(11, 12). Although the poverty rate is lower in the eastern part of
Bangladesh, surprisingly, the undernutrition rate is much more
prevalent in this region compared to the north-western part
(12, 13). The Sylhet region is considered ecologically susceptible
due to being a remote area, wetland ecosystems, and social
dogmatism (7, 13). Such unique regional factors may create non-
income obstacles, hindering the nutritional status of children
(12). However, the change in these factors in Bangladesh
over time has yet to be explored. Through our analysis, we
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aimed to assess the trend of childhood stunting, wasting,
and underweight and explore the factors influencing these
metrics. The second objective was to compare the estimated
factors between Sylhet, the most vulnerable region, and other
regions of Bangladesh.

Materials and methods

Data sources

For this paper, we used secondary data derived from
the nationally representative cross-sectional surveys of the
BDHS 2007 (14), 2011 (15), 2014 (16), and 2018 (17),
undertaken by the authority of the Ministry of Health and
Family Welfare’s National Institute for Population Research
and Training (NIPORT). The BDHS follows a similar study
design that has been described in the published reports. Briefly,
the BDHS sample was stratified and selected in two stages.
Administratively, Bangladesh was divided into several divisions,
and each division was further stratified into urban and rural
areas. The whole list of enumeration areas (EAs) spanning the
entire nation, created by the Bangladesh Bureau of Statistics for
the People’s Republic of Bangladesh population census, served
as the sample frame for the BDHS.

To draw the sample, required EAs as a cluster were
selected with a probability proportional to the EA in the first
stage. Household listing was done based on the inclusion and
exclusion criteria and prepared the sampling frame. In the
second stage of selection, a fixed number of required households
per cluster were selected using a systematic sampling procedure
from the newly created sampling frame. We used Children’s
Record (KR) data for this analysis. Data for a total of 12,860
youngest children were used from four consecutive BDHS
(2007-2011); of those 4,926 were from 2007, 7,325 samples from
2011, 6,855 samples from 2014, and the rest of the 7,562 were
extracted from the 2017-18 BDHS.

Variable under study

The outcome variables of this paper focus on childhood

undernutrition including stunting, wasting, and being
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underweight. These variables were derived from childs age
and sex-specific composite indicators such as length/height-
for-age z score (LAZ/HAZ), weight-for-length/height z
score (WLZ/WHZ) and weight-for-age z score where the
z score was defined as “(observe anthropometry value -
average value of reference population)/standard deviation of
reference population.” Children were defined as stunted if
LAZ/HAZ < —2, wasted if WLZ/WHZ < —2 and underweight
if WAZ < —2 [2]. In the database, cases were treated as missing
if LAZ/HAZ > 6 or LAZ/HAZ < —6, WLZ/WHZ > 5 or
WLZ/WHZ < —5,and WAZ > 5 or WAZ < —6.

Based on the literature review as well as the bi-
variate relationship with childhood nutritional status, several
independent variables were selected such as geographical area,
place of residence, wealth index, improved toilet, source of
drinking water, religion, maternal BMI < 18.5, maternal
education, empowerment, attitude toward domestic violence,
receiving at least four ANC from a medically trained provider,
delivery type, use of a contraceptive method, paternal education,
birth interval, current age — respondent, partners age, child’s
age in months, child’s sex, and having fever in last 2 weeks.
The mother’s empowerment was defined as the ability to
make decisions about her own health care, major household
purchases, and visits to family or relatives.

Statistical analyses

We performed analyses using Stata version 13.0 (StataCorp,
College Station, TX, USA). Firstly, to visualize the outcome
indicators, statistical plot like bar diagram was used. Several
descriptive statistics such as mean, standard deviation,
frequency, and proportion were used to summarize the data.
All variables were summarized by BDHS survey time points.
Due to binary outcomes, simple logistic regression was used to
assess the bi-variate association between outcome variables and
all independent variables. We used multiple logistic regression
models to assess the associated factors with childhood stunting,
wasting, and being underweight. The independent variables
were included in the model based on the literature review as
well as the bi-variate association. “svyset” option was used to
allow for adjustments for the cluster sampling design, weights
and the calculation of standard errors. Again, logistic regression
was used to assess the status of wealth index, birth interval,
cesarean delivery, ANC visit, attitude toward domestic violence,
contraceptive methods, empowerment, paternal and maternal
education, maternal underweight, and childs morbidity in
the Barisal, Chittagong, Dhaka, Khulna, and Rajshahi regions
compared with the Sylhet region. We selected the Sylhet region
as the reference as several health indicators are performing
poorly here. The odds ratios with 95% CIs were calculated
as inferential statistics and P < 0.05 were considered as a
significance level.
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Results

Over 60% of the data was collected from rural areas, and the
rest of the data was collected from urban areas over time. The
background characteristics of the surveyed children from 0 to
59 months old in 2007, 2011, 2014, and 2018 BDHS are shown
in Table 1. Our findings show the nutritional status of children
has improved steadily over the past decade (Figure 1). The
percentage of children under age of 5 years who were stunted
declined from 40% in 2007 to 31% in 2018. The decline in the
percentage of children who are underweight followed a similar
pattern, falling from 39% in 2007 to 22% in 2018. After years at
critically high levels (17%), wasting decreased to 8% in 2018.

Table 2 presents the factors associated with childhood
stunting, wasting and being underweight. Childhood stunting
was associated with urban residence [aOR: 1.12 (95% CI: 1.00,
1.25); p-value = 0.047], having a fever in the last 2 weeks
[aOR: 1.17 (95% CI: 1.08, 1.26); p-value < 0.001], maternal
BMI < 18.5 [aOR: 1.32 (95% CI: 1.22, 1.44); p-value < 0.001],
maternal education below secondary [aOR: 1.16 (95% CI: 1.05,
1.27); p-value = 0.002], paternal education below secondary
[aOR: 1.34 (95% CI: 1.23, 1.46); p-value < 0.001], not having
decision-making power [aOR: 1.11 (95% CIL: 1.02, 1.22);
p-value = 0.022], using contraceptive [aOR: 1.21 (95% CI:
1.12, 1.31); p-value < 0.001], the occurrence of domestic
violence [aOR: 1.09 (95% CI: 1.01, 1.18); p-value = 0.028],
not receiving at least four ANC [aOR: 1.13 (95% CI:
1.02, 1.26); p-value = 0.017], non-cesarean delivery [aOR:
1.31 (95% CI: 1.18, 1.47); p-value < 0.001], and birth
interval < 24 months [aOR: 1.22 (95% CI: 1.03, 1.44);
p-value = 0.018].

Childhood wasting was associated with the male sex
[aOR: 1.16 (95% CI: 1.05, 1.29); p-value = 0.005], having a
fever in the last 2 weeks [aOR: 1.30 (95% CI: 1.17, 1.45);
p-value < 0.001], maternal BMI < 18.5 [aOR: 1.59 (95% CI:
1.42, 1.77); p-value < 0.001], and maternal education below
secondary [aOR: 1.30 (95% CI: 1.16, 1.45); p-value < 0.001].

Childhood underweight was associated with having
fever in the last 2 weeks [aOR: 1.38 (95% CI: 1.28, 1.48);
p-value < 0.001], maternal BMI < 185 [aOR: 1.79 (95%
CIL: 1.64, 1.94); p-value < 0.001], maternal education below
secondary [aOR: 1.29 (95% CI: 1.18, 1.41); p-value < 0.001],
paternal education below secondary [aOR: 1.22 (95% CIL
1.09, 1.35); p-value < 0.001], using contraceptive [aOR: 1.14
(95% CI: 1.04, 1.24); p-value = 0.005], not receiving at least
four ANC [aOR: 1.22 (95% CI: 1.09, 1.37); p-value < 0.001],
non-cesarean delivery [aOR: 1.22 (95% CIL 1.08, 1.39);
p-value = 0.002], and birth interval < 24 months [aOR:
1.26 (95% CI: 1.05, 1.51); p-value = 0.012]. Geographical
region and child’s age were associated with both stunting
and underweight. On the other hand, low socio-economic
status had high prevalence of childhood stunting and
being underweight.
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TABLE 1 General characteristics of households by survey time points.

Indicators, n (%)

Geographical area

Barisal 658 (13.4) 856 (11.7) 814 (11.9) 790 (10.4)
Chittagong 980 (19.9) 1393 (19) 1284 (18.7) 1224 (16.2)
Dhaka! 1051 (21.3) 1229 (16.8) 1222 (17.8) 2022 (26.7)
Khulna 623 (12.6) 877 (12) 778 (11.3) 828 (10.9)
Rajshahi? 829 (16.8) 1911 (26.1) 1732 (25.3) 1698 (22.5)
Sylhet 785 (15.9) 1059 (14.5) 1025 (15) 1000 (13.2)

Place of residence

Urban 1748 (35.5) 2328 (31.8) 2215(32.3) 2701 (35.7)

Rural 3178 (64.5) 4997 (68.2) 4640 (67.7) 4861 (64.3)

Wealth index

Poorest 937 (19) 1526 (20.8) 1435 (20.9) 1610 (21.3)
Poorer 988 (20.1) 1400 (19.1) 1295 (18.9) 1467 (19.4)
Middle 910 (18.5) 1408 (19.2) 1332 (19.4) 1369 (18.1)
Richer 943 (19.1) 1473 (20.1) 1412 (20.6) 1534 (20.3)
Richest 1148 (23.3) 1518 (20.7) 1381 (20.1) 1582 (20.9)
Improved toilet (yes) 1906 (40.3) 3506 (49.5) 4286 (63.9) 4186 (58.7)
Source of drinking water (improved) 4280 (87.2) 6456 (88.1) 6078 (88.9) 6486 (86.4)
Religion

Islam 4473 (90.8) 6600 (90.1) 6279 (91.6) 6892 (91.1)
Hinduism 419 (8.5) 699 (9.5) 523 (7.6) 624 (8.3)
Buddhism 17 (0.3) 14 (0.2) 39 (0.6) 32(0.4)
Christianity 12 (0.2) 12 (0.2) 13 (0.2) 14 (0.2)
Other 4(0.1) 0(0) 1(0) 0(0)
Maternal BMI < 18.5 1514 (31.1) 1906 (26.6) 1513 (22.2) 1070 (14.4)

Maternal education

No education 1268 (25.7) 1332 (18.2) 1040 (15.2) 531 (7)

Primary 1507 (30.6) 2193 (29.9) 1871 (27.3) 2132 (28.2)

Secondary 1742 (35.4) 3174 (43.3) 3189 (46.5) 3598 (47.6)

Higher 406 (8.2) 626 (8.5) 755 (11) 1301 (17.2)

‘Woman'’s own health care 2703 (54.9) 4464 (62) 4183 (61.9) 5542 (74.7)

Making major household purchases 2557 (51.9) 4066 (56.5) 3786 (56.1) 5133 (69.2)

Visits to her family or relatives 2672 (54.2) 4286 (59.6) 3914 (58) 5327 (71.8)

None of the three decisions 1410 (28.6) 1794 (24.9) 1708 (25.3) 1024 (13.8)

Less occurrence domestic violence 3329 (67.6) 4941 (67.5) 4876 (71.1) 6184 (81.8)

At least 4 ANC from medically trained provider 997 (20.2) 1621 (22.1) 1182 (17.2) 2246 (29.7)

Delivery type

Cesarean section 478 (9.7) 1168 (16) 1088 (24.2) 1671 (33.4)

Non-cesarean 4446 (90.3) 6146 (84) 3405 (75.8) 3336 (66.6)

Use contraceptive method 2853 (57.9) 4882 (66.6) 4702 (68.6) 5172 (68.4)

(Continued)
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TABLE 1 (Continued)

10.3389/fnut.2022.999520

Indicators, n (%) 2007 2011 2014 2018

Paternal education

No education 1585 (32.2)
Primary 1380 (28)
Secondary 1319 (26.8)
Higher 636 (12.9)
Birth interval

No previous birth 1543 (31.4)
<24 months 478(9.7)
>24 months 2895 (58.9)
Current age — respondentJr 25.9+6.34
Partners age’ 3524 8.68
Child’s age in months' 26.5 + 16.44
Child's sex

Male 2515 (51.1)
Female 2411 (48.9)
Child had fever in last 2 weeks 1847 (38.8)

! Mymensingh was merged with Dhaka, ?Rangpur was merged with Rajshahi, and Tmean + SD.

45

39.71 38.92 39.05

N\

40

35

30

25

17.70

20
15
10

%
\
%
\

2007

2011

1959 (26.7) 1692 (24.7) 1096 (14.8)
2126 (29) 2044 (29.8) 2469 (33.3)
2194 (30) 2098 (30.6) 2413 (32.5)

1040 (14.2) 1019 (14.9) 1422 (19.2)

2476 (33.9) 2575 (37.6) 2758 (36.6)
552 (7.6) 462 (6.8) 509 (6.8)

4276 (58.5) 3803 (55.6) 4272 (56.7)

25.7 + 6.06 25.6 +5.96 259458

34.6 + 8.88 344788 33.8+7.26

27.7 £17.21 27.5 +16.72 273 +17.21

3790 (51.7) 3576 (52.2) 3973 (52.5)

3535 (48.3) 3279 (47.8) 3589 (47.5)

2743 (38.6) 2518 (37.8) 2519 (34.1)
34.98

30.57

2014

Bl Stunting Wasting Underweight

FIGURE 1

Proportion of childhood stunting, wasting, and underweight over the period.

We the of
undernutrition in Table 3 across the geographical regions.

have compared common predictors
We found that status of cesarean delivery, receiving at
least 4 ANC from a medically trained provider, use of
contraceptive methods, empowerment, paternal education,
maternal education, maternal BMI > 18.5, and not reporting
fever in the last 2 weeks were better in those regions compared

with the Sylhet region.
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Discussion

With remarkable accomplishments in several health
indicators, Bangladesh is yet to achieve the goal of
reducing undernutrition among children under the age
of 5 years, particularly in the Sylhet region. Through
this analysis, we aimed to explore the factors influencing
childhood and the factors

undernutrition compare
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TABLE 2 Factors associated with childhood stunting, wasting and underweight.

Stunting Wasting Underweight
aOR (95 CI) P-value aOR (95 Cl) P-value aOR (95 CI) P-value

Geographical region

Sylhet Reference Reference Reference

Barisal 0.85(0.73, 0.98) 0.025 1.00 (0.81, 1.23) 0.981 0.86 (0.73, 1.02) 0.080
Chittagong 0.89 (0.78, 1.02) 0.090 1.11 (0.93, 1.31) 0.249 0.96 (0.84, 1.10) 0.568
Dhaka 0.84 (0.74, 0.96) 0.013 0.95(0.79, 1.14) 0.569 0.80 (0.69, 0.93) 0.004
Khulna 0.68 (0.59, 0.78) 0.000 1.02 (0.85, 1.22) 0.824 0.72 (0.61, 0.84) 0.000
Rajshahi 0.72 (0.63, 0.82) 0.000 0.99 (0.83,1.18) 0.907 0.82(0.70, 0.95) 0.007

Place of residence

Rural Reference Reference Reference

Urban 1.12 (1.00, 1.25) 0.047 0.99 (0.87, 1.11) 0.814 1.02 (0.92, 1.13) 0.676
Child’s sex

Female Reference Reference Reference

Male 1.07 (0.99, 1.15) 0.097 1.16 (1.05, 1.29) 0.005 0.96 (0.89, 1.04) 0.310
Child’s age in months 1.02 (1.02, 1.03) 0.000 1.00 (1.00, 1.00) 0.514 1.02 (1.02, 1.03) 0.000

Having fever

No Reference Reference Reference

Yes 1.17 (1.08, 1.26) 0.000 1.30 (1.17, 1.45) 0.000 1.38 (1.28, 1.48) 0.000
Maternal BMI < 18.5

BMI > 18.5 Reference Reference Reference

BMI < 18.5 1.32(1.22, 1.44) 0.000 1.59 (1.42, 1.77) 0.000 1.79 (1.64, 1.94) 0.000

Maternal education

At least secondary Reference Reference Reference

Below secondary 1.16 (1.05, 1.27) 0.002 1.30 (1.16, 1.45) 0.000 1.29 (1.18, 1.41) 0.000
Religion

Muslim Reference Reference Reference

Others 0.92 (0.80, 1.05) 0.206 0.95(0.82, 1.11) 0.539 1.03 (0.89, 1.18) 0.717

Paternal education

At least secondary Reference Reference Reference

Below secondary 1.34 (1.23, 1.46) 0.000 0.94 (0.84, 1.07) 0.355 1.22 (1.09, 1.35) 0.000

Decision making power

At least one

None of three* 1.11 (1.02, 1.22) 0.022 0.96 (0.85, 1.08) 0.473 1.05 (0.96, 1.15) 0.310
Contraceptive

No Reference Reference Reference

Yes 121 (1.12,1.31) 0.000 0.95 (0.86, 1.05) 0.292 1.14 (1.04, 1.24) 0.005

Domestic violence

No Reference Reference Reference

Yes 1.09 (1.01, 1.18) 0.028 1.02 (0.92, 1.13) 0.759 1.01 (0.93, 1.09) 0.841

At least 4 ANC from medically trained provider

Yes Reference Reference Reference

No 1.13 (1.02, 1.26) 0.017 1.10 (0.97, 1.26) 0.149 1.22 (1.09, 1.37) 0.000
(Continued)
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TABLE 2 (Continued)

Stunting Wasting Underweight

| aOR(95CI) | P-value | aOR(95CI) | P-value | aOR(95C) | P-value
Mode of delivery
Cesarean Reference Reference Reference
Non-cesarean 1.31(1.18, 1.47) 0.000 1.08 (0.91, 1.28) 0.391 1.22(1.08, 1.39) 0.002
Birth interval
No previous birth Reference Reference Reference
<24 months 1.22 (1.03, 1.44) 0.018 1.02 (0.85, 1.23) 0.801 1.26 (1.05, 1.51) 0.012
>24 months 0.95 (0.88, 1.03) 0.238 0.98 (0.88, 1.10) 0.773 0.97 (0.88, 1.07) 0.555
Wealth index
Richest Reference Reference Reference
Poorest 2.01 (1.79, 2.45) 0.000 1.19 (0.97, 1.46) 0.088 2.00 (1.69, 2.37) 0.000
Poorer 1.85 (1.60, 2.14) 0.000 1.05 (0.87, 1.27) 0.631 1.64 (1.38, 1.96) 0.000
Middle 1.61 (1.40, 1.85) 0.000 1.03 (0.86, 1.24) 0.720 1.43 (1.21, 1.68) 0.000
Richer 1.40 (1.22, 1.60) 0.000 1.07 (0.89, 1.28) 0.457 1.25(1.08, 1.44) 0.003
Round
2007 Reference Reference Reference
2011 0.94 (0.85, 1.05) 0.287 0.92 (0.81, 1.04) 0.197 0.82 (0.74, 0.90) 0.000
2014 0.89 (0.79, 1.01) 0.075 0.95 (0.82, 1.10) 0.460 0.85 (0.75, 0.97) 0.013
2018 0.95 (0.84, 1.08) 0.441 0.50 (0.42, 0.59) 0.000 0.56 (0.49, 0.63) 0.000

*Woman’s own health care, making major household purchases, and visits to her family or relatives. Adjusted odds ratios (aOR) were estimated using multiple logistic regression analysis.

The outcome variables were stunting, wasting, underweight, and independent variables were the indicators given in the first column.

TABLE 3 Comparison of the predictors of malnutrition among the geographical regions.

Indicators

TAdjusted OR (95% CI) for geographic areas compared to Sylhet

Rajshahi

Birth intervall

<24 months

0.37 (0.29, 0.46)*

0.52 (0.42, 0.63)*

0.40 (0.33, 0.48)*

0.24 (0.19, 0.30)*

0.31 (0.25, 0.37)*

>24 months

0.72 (0.63, 0.83)*

0.83 (0.73, 0.95)*

0.73 (0.64, 0.83)*

0.62 (0.54, 0.70)*

0.72 (0.63, 0.82)*

Cesarean delivery

1.08 (0.85, 1.37)

1.19 (0.95, 1.47)

1.84 (1.51, 2.25)*

2.47 (2.03, 3.02)*

1.43 (1.18, 1.74)*

At least 4 ANC from medically trained provider

1.17 (0.95, 1.45)

1.16 (0.92, 1.47)

1.30 (1.06, 1.61)*

1.88 (1.53,2.30)*

1.50 (1.23, 1.84)*

Less occurrence of domestic violence

0.89 (0.74, 1.07)

1.09 (0.93, 1.28)

1.36 (1.16, 1.59)*

1.08 (0.90, 1.30)

0.98 (0.84, 1.15)

Use contraceptive method

2.20(1.88,2.58)*

1.25(1.08, 1.45)*

1.96 (1.68, 2.28)*

2.80 (2.40, 3.26)*

2.96 (2.56, 3.42)*

None of the three decisions?

1.45 (1.24, 1.70)*

1.42 (1.24, 1.63)*

1.82 (1.58, 2.11)*

1.73 (1.48, 2.03)*

1.92 (1.68, 2.21)*

Paternal education

1.88 (1.57, 2.25)*

2.10 (1.76, 2.51)*

1.62 (1.37,1.92)*

2.30 (1.94,2.71)*

1.58 (1.35, 1.85)*

Maternal education

2.02 (1.63,2.51)*

2.47 (2.00, 3.06)*

1.62 (1.33,1.98)*

3.29 (2.72,3.99)*

2.13(1.77,2.57)*

Maternal BMI > 18.5

1.37 (1.19, 1.59)*

1.83 (1.59, 2.12)*

1.50 (1.30, 1.73)*

1.74 (1.50, 2.02)*

1.41 (1.23,1.61)*

Did not have fever in last 2 weeks

1.01 (0.90, 1.15)

1.08 (0.96, 1.21)

1.28 (1.14, 1.44)*

1.38 (1.21, 1.58)*

1.14 (1.01, 1.27)*

!Base outcome was No previous birth in the multinomial logistic regression, 2ZWoman’s own health care, making major household purchases, visits to her family or relatives, and
*p-value < 0.05. TLogistic regression was used to estimate the odds ratio comparing the Sylhet region with other regions where outcome variables were the indicators given in the

first column after adjusting the place of residence, region, and survey time.
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between Sylhet, the most vulnerable region, and other
regions of Bangladesh.

We found that overall, child reporting fever in recent
days, maternal BMI, type of birth, mother’s education, father’s
education, household wealth, and geographical region were
the common significant associated factors for childhood
undernutrition. Having a fever in the 2 weeks leading
up to the survey appears to be a significant determinant
in childhood undernutrition. This has been established
19).
Infections cause decreased food intake, nutritional losses

in previous studies in resource-poor settings (18,

due to poor digestion, and metabolic disturbances, all leading
to undernutrition (19).

Our results show that children of women with no or only
primary education are more likely to be affected by any kind of
undernutrition. However, we also found a trend in the reduction
of low educational qualifications among the surveyed mothers
with increased percentages of mothers having secondary or
higher secondary education over the decades. Other Bangladeshi
studies have reported comparable results, showing that children
of mothers with less educational qualification were significantly
at greater risk of being undernourished (20, 21). Education
enables a mother to receive and process information more
effectively (22), empowering a mother to make informed
decisions regarding health and nutrition. Also, it might increase
their utilization of child health services (23).

Household wealth (the two measures of SES) appeared
to be a strong predictor of child malnutrition outcomes. In
Bangladesh and other underdeveloped nations, socio-economic
indicators are protective factors for child health (12). Children
residing in higher-income households are more likely to
belong to comparatively food-secure families, have parents
with relatively higher education and live in a better area with
better access to health facilities (11, 24, 25). All these factors
in combination possibly modulate the risk of undernutrition
among the children residing in higher wealth index households.

One of our key objectives was to explore if there
is any geographical variation in the established common
associated factors of undernutrition. We found that the Sylhet
division lags in several key risk indicators, namely parental
education, maternal BMI, receiving at least four ANC from the
medically trained provider, women empowerment, and use of
contraceptive methods compared to other regions. UN reports
(26), as well as several local studies (11, 13, 27-30), have
confirmed the poor performance of the Sylhet division despite
having the lowest poverty rate in the country. This has been
well documented that along with the highest rates of chronic
childhood undernutrition that is stunting, Sylhet also has the
lowest female literacy rates, the worst school attendance rates
for adolescent girls, the highest gender inequality scores, the
worst performance against women’s empowerment indicators,
and overall the lowest proportion of empowered women in
the nation (31), concurring with our findings. Such a result is
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very startling as Sylhet is considered a rich region as a vast
number of its population lives abroad and sends remittances.
However, this is a unique regional characteristic that potentially
poses a barrier in several distinctive ways. Geographically,
over a fourth of all arable land in Sylhet Division remains
uncultivated, and only a single crop is produced on half of
the remaining land, making the greater Sylhet region less
productive. Furthermore, Haor (wetland) and tea estates are
two significantly diverse geographical locations in the Sylhet
region where a large portion of the marginalized population
resides. It has been reported that about 54% of farmers in
greater Sylhet are either marginal landholders or not at all.
Affluent non-residents own a major portion of cultivable lands,
keeping Sylhet’s farming potential vastly underutilized (32,
33). Related to this, there is a notable temptation among the
locals to migrate to a foreign country for a better livelihood.
Hence, many poor families lack the willingness to send their
children to schools, increasing the high incidence of child labor,
paid or unpaid, until they grab any opportunity to go abroad
(34, 35).

Limitations

Our analysis incorporates limitations, similar to other
cross-sectional surveys. Due to the study design and cross-
sectional data collection in the primary phase, our findings
do not allow us to conclude any causal association between
the factors and child undernutrition outcomes. Furthermore,
the primary data did not include important indicators like
child birthweight. We were unable to account for other
regional factors such as community-level poverty, physical and
financial barriers to health facilities, that may have influenced
the associations.

Conclusion

We conclude that several common indicators play a
critical role in regulating different aspects of the nutritional
status of the under-five children in Bangladesh. Furthermore,
some of the indicators are showing a trend of improvement,
but significant regional variation still exists. To achieve a
more homogenous improvement across the country, the
policymakers must focus on region-specific planning and
appropriate intervention.
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Background: Recent studies have reported an association between dietary caffeine
intake (coffee and tea) and the presence of depressive symptoms. However, the
findings are not conclusive.

Purpose: This study aimed to examine the correlation between the consumption of
dietary caffeine (coffee and tea) and the presence of depressive symptoms in adults.

Methods: PubMed and Scopus databases were searched until December 2021.
Two investigators analyzed data from identified studies and rated the quality of the
evidence using the GRADE approach. Using the random-effects models, we estimated
the relative risks (RRs) and 95% confidence intervals (Cls). We also modeled the
dose-response associations through a one-stage, weighted mixed-effects meta-
analysis.

Results: A total of 29 eligible studies included a total of 422,586 participants. On
comparing the highest with the lowest category in cohort studies, we identified an
inverse association between the intake of coffee and depressive symptoms (RR: 0.89,
95%Cl: 0.82-0.95; 12 = 63.7%, GRADE = low). There was a 4% reduction in the
risk of depression associated with an increase in coffee intake of 240 ml/day (RR:
0.96, 95%Cl: 0.95, 0.98; 12 = 22.7%). By comparing the highest category with the
lowest category in cohort studies, we discovered that caffeine intake was inversely
associated with depressive symptoms (RR: 0.86, 95%Cl: 0.79, 0.93; 12 =0.0%, GRADE =
moderate). Based on our data analysis, no correlation exists between tea consumption
and depressive symptoms.

Conclusion: According to our findings, coffee and dietary caffeine may have a
protective effect against the development of depression. However, no evidence
suggesting a link between tea consumption and reduced depressive symptoms has
been found. Therefore, further longitudinal studies are needed to substantiate the
causal relationship between coffee, tea, and caffeine and the risk of depression.

caffeine, coffee, tea, depressive symptoms risk, observational studies, dose response
meta-analysis
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1. Introduction

As a leading cause of disability, depression has received
considerable attention as a common mental disorder. The prevalence
of depression has progressively increased in recent years, making it
a public health concern throughout the world. According to a study
by Our Word in Data, approximately 3.4% (with a margin of error of
2-6%) of the global population suffers from depression (1).

There are some strong associations between lifestyle factors
and depression. Several studies suggest that an unhealthy lifestyle,
including poor dietary patterns, alcohol consumption, and a
sedentary lifestyle, substantially leads to the risk of depression (2-
7). Other studies also demonstrated that obesity and depression
have a bidirectional relationship, suggesting that depression can
contribute to the development of obesity and that obesity can
exacerbate the symptoms of depression (8). It was also indicated
that inflammation and oxidation have a fundamental role in
depression pathophysiology (9), and subsequently, attention was
paid to anti-inflammatory compounds and antioxidant-rich foods as
depression relievers. Studies conducted to examine the relationship
between anti-inflammatory compounds and antioxidant-rich foods
supported the mentioned hypothesis by exploring the effect of
Mediterranean or plant-based dietary patterns on the risk of
developing depression, as it resulted in a significant reduction
(10-12). Tt is worth considering that a recent systematic review
had also revealed evidence in support of the aforementioned
studies showing that depression is negatively correlated with
high adherence to diet recommendations, including avoiding
processed foods, eating an anti-inflammatory diet, consuming
magnesium and folic acid various fatty acids, and consuming
fish (13).

Coffee and tea are among the most popular beverages in the
world, and they are common sources of caffeine (14). It is suggested
that caffeine is related to depression as it modulates dopaminergic
transmission and facilitates serotonin release (15, 16). In addition
to caffeine, there are some anti-inflammatory and antioxidant
compounds in coffee, such as chlorogenic acid and catechins,
which demonstrate potential beneficial effects against depression. In
addition to caffeine, tea contains neuroprotective compounds such as
L-theanine and polyphenols (17-19). A recent study also illustrated
that during the COVID-19 pandemic, tea consumption increased (70
vs. 30%), effectively improving mood, focus, and performance and, as
aresult, relieving stress; this improvement is believed to be due to the
presence of the compounds theanine and caffeine in tea (20).

Therefore, we performed a systematic review of observational
studies to examine the correlation and the dose-response relationship
between depression risk and the intake of coffee, tea, and caffeine.

2. Methods

2.1. Protocol and registration

We followed the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA-2020) guideline when we
submitted this meta-analysis (21), and the protocol of the
systematic review was registered at PROSPERO (registration
number: CRD42022298824).
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2.2. Literature search and selection

This investigation was carried out in accordance with the
PRISMA reporting guidelines for systematic reviews and meta-
analyses. The databases of PubMed and Scopus were systematically
searched for relevant studies published in the English language
up to December 2021. All the terms relevant to coffee, tea,
caffeine, depression, and study design were applied to detect
potentially eligible studies (Supplementary Table 1). We also checked
the reference lists of the included studies and manually reviewed
other studies to ensure that we did not miss any relevant studies.

2.3. Eligibility criteria

The inclusion and exclusion criteria were defined by adhering
to the PICOS (population, intervention/exposure, comparator,
outcome, and study design) framework. The criteria for inclusion
were as follows: (1) cross-sectional, case-control, or prospectively
designed studies conducted in the general population aged 18 years
or older; (2) evaluating the association between coffee, tea, or caffeine
intake as exposure and depression as the outcome; (3) assessing
and reporting hazard ratios (HRs) or odds ratios (ORs) and the
corresponding 95% confidence interval (CI) for >2 quantitative
categories of dietary coffee, tea, and caffeine intake. For dose-
response meta-analyses, it was also necessary to consider the number
of cases and non-cases in each category of dietary exposures and
ranges of intake. Studies reporting continuous estimation from the
associations were also eligible. Review studies, interventional studies,
and studies focusing on children, adolescents (under 18 years of age),
and pregnant and lactating women were excluded.

2.4. Data extraction

Two independent investigators (KT and HSH) extracted the
following data from the identified studies: the first author’s last
name, year of publication, country, and region where the study
was conducted, the percentage of women who participated in the
study, the sample size (total number of participants and number of
cases), the study design, follow-up years, the age range of the study
population at baseline, coffee, tea, and caffeine intake categories, the
ORs with their 95% CI for each category of coffee, tea, and caffeine
intake, exposure and outcome assessment tools, and covariates
adjusted for in the multivariable analysis. We extracted the ORs that
reflect the greatest degree of adjustment for potential confounders.

2.5. Quality assessment

Following the Robins-I tool framework, we evaluated the quality
of the included (22). All studies were evaluated for confounding,
participant selection, exposure assessment, misclassification during
follow up, missing data, measurement of the outcome, and selective
reporting of the results. The mentioned domains were classified
as having a low, moderate, or serious risk of bias due to their
characteristics. Supplementary Table 2 provides information about
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the domains of the Robins-I tool and how the judgment was made
for each domain.

2.6. Statistical analysis

In the present meta-analysis, a random-effects model was
performed to estimate the RR and its 95% CI as the effect size (23).
For studies reporting the effect size as the odds ratio or hazard ratio,
we considered them to be equal to HR (24). In the first step, a meta-
analysis was conducted to compare the risk ratios of caffeine, coffee,
and tea consumption in primary studies based on high vs. low intake
categories. Whenever there are sex-specific effect sizes, we used a
fixed-effect model to combine the estimates and then applied the
combined effect size to the analysis. Cochran’s Q (25) and I? statistics
(26) were used to test for heterogeneity.

To identify potential sources of heterogeneity, subgroup analyses
were conducted based on geography, follow-up duration, number of
participants, and adjustments for main confounders such as energy
intake, body mass index (BMI), smoking, drinking alcohol, and
exercising. With at least ten primary studies available, we used Egger’s
test to determine the presence of publication bias (27) in addition to
visually inspecting funnel plots (25). Additionally, we conducted a
sensitivity analysis to assess the impact of individual studies on the
overall estimate by excluding them one by one.

Based on the method presented by Greenland and colleagues,
we also conducted a random-effect dose-response meta-analysis for
studies whose data were sufficient for dose-response meta-analyses of
depression for a specific amount of increase in coffee, caffeine, and tea
consumption (28, 29). It was required to calculate the median point
in each category, as well as the distribution of cases and person-years
based on dietary caffeine, coffee, and tea. Our final approach was
to perform a one-stage linear mixed-effects meta-analysis to clarify
dose-response relationships (30). Based on Harrell’s recommended
percentiles of 10, 50, and 90%, we used restricted cubic splines with
three knots to model the exposures (31). We combined the study-
specific estimates by using a one-stage linear mixed effects meta-
analysis to take into account correlations within each category of
relative risks (30). As a result of this method, the study-specific slope
lines were estimated in a single step and combined to obtain an
overall average slope (28, 32). Due to the limited number of studies
(n < 2) included in the analysis, we used the best-fitting second-
order fractional polynomial to model curvilinear associations (30).
Statistical analyses were conducted using STATA version 16.0. A
P-value of less than 0.05 was considered significant.

2.7. Grading the evidence

The quality of the evidence was assessed by two independent
authors (HSH and KT) using the GRADE approach (33). This tool
classifies evidence as strong, moderate, low, or very low quality.
The evidence used in this study was classified as low quality, as
it was based on observational studies such as prospective cohort
studies and cross-sectional studies. Depending on pre-specified
criteria, they can be downgraded or upgraded. Evidence that has
been downgraded includes limitations of the study, inconsistency,
indirectness, imprecision, and publication bias, whereas evidence that
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has been upgraded includes a significant degree of association, a dose-
response gradient, and attenuation caused by plausible confounding.
Disagreements were resolved with a consensus.

3. Results

A total of 1,348 studies were identified at baseline from databases
(PubMed 295 and Scopus 1,053), and five articles were found through
manual search. We removed 228 duplicate studies. Of the 1,125
remaining studies, 1,063 were excluded on the basis of title and
abstract screening. Sixty-two articles were screened by reading their
full text. Of those, 33 were excluded as 11 were review articles and
22 articles reported irrelevant outcomes. Ultimately, our systematic
review ultimately included 29 studies that met the inclusion criteria
established for this study. The process through which studies were
selected and identified is summarized in Supplementary Figure 1.

3.1. Study characteristics

The study included a total of 422,586 participants, ranging in age
from 18 to 97 years. Eligible studies were published between 2005
and 2021. Table 1 shows detailed information extracted from articles.
Among them, five studies considered coffee consumption as the main
variable, seven studies considered tea (39, 41, 42, 44, 49, 58, 61) or
coffee (40, 45, 51, 53, 62) as the main variable, seven considered
caffeine (35, 38, 54, 55, 63), and 10 studies considered coffee, tea,
or caffeine altogether (34, 36, 37, 43, 46, 48-50, 52, 56, 57). In
addition, twenty studies had a cross-sectional design (34-36, 38, 42,
43,45, 48-52, 54-57, 61-64), seven studies were prospective cohorts
(37, 39, 40, 44, 46, 53, 58), and two studies evaluated both cross-
sectional and prospective data (44, 47). Depression was identified
by validated depression questionnaires such as the Beck Depression
Inventory (BDI) (34), the Geriatric Depression Scale (GDS) (36, 41,
50), the Center for Epidemiological Studies Depression Scale (CES-
D) (39, 42-44, 56, 61, 64), the Patient Health Questionnaire (PHQ-9)
(49, 51, 54, 55), the Hospital Anxiety and Depression Scale (HADS)
(38, 62), the Depression Anxiety Stress Scale (DASS-21) (48), and
the Minimum Data Set-based Depression Rating Scale (MDS-DRS)
(63). In 21 studies, depression was assessed using standardized scales,
while in other studies, varied methods were used, such as physician
diagnosis (40, 46, 53), self-report of depression (40, 45, 46, 57),
the International Classification of Diseases (ICD) criteria (37), the
Diagnostic and Statistical Manual of Mental Disorders (DSM) criteria
(35), the MINT (Mini-International Neuropsychiatry Interview) (47),
and antidepressant use (40, 53). Coffee, tea, and caffeine intake were
assessed with validated questionnaires such as the Food Frequency
Questionnaire (FFQ) (40, 45, 46, 53, 57, 62), the 4-day food record
(37), 24-hr recall (54, 55, 64), the Brief Dietary History Questionnaire
(BDHQ) (43, 56), an interview or by asking participants (34-36, 38,
39, 42, 44, 47-52, 61, 63), and observation as well (58). Studies have
been carried out in Finland (34, 37), Virginia (35), Japan (43, 56), the
United Kingdom (38, 57), China (39, 42, 49, 50, 61), the United States
(40, 46, 54, 55, 64), Japan (36, 57, 62), Taiwan (44), Korea, France
(47), Tripoli (48), Atlantic Canada (51), Korea (45, 52), Navara (53),
the Netherlands (57, 63), Germany (57), Spain, Singapore (41, 58),
and Palestine (60). By gender, three studies included only women
(39, 40, 56), and one study included only men (37), while 25 other
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Adjustments

Hintikka Finland 55.7 25-64 Cross- 2,011 210 Coffee Tea: 0.47 Daily (=5 Questionnaire 0->5 21-item BDI 1998- Age, sex, current daily
etal. (34) sectional Tea (0.27-0.83) Coffee: cups/day) vs. Not cups/day 2005 smoking, alcohol
0.90 (0.54-1. 50) daily consumption patterns, marital
status, employment status,
length of basic education,
having vocational training,
economic hardship and poor
subjective health, frequency of
eating lake fish, sea fish, fresh
vegetables, boiled vegetables,
and fruits and use of
multivitamin pills and fish oil
capsules
Kendler Virginia 51.8 37.9 Cross- 3706 NA Caffeine 1.79 (1.47-2.17) At least several Interview 0->650 DSM-III-R 1995- Age, gender
etal. (35) sectional days per week vs. mg/day criteria 1997
>625 mg of
caffeine per day
Niu et al. Japan 57.3 607 >70 Cross- 1,058 361 Coffee Coffee: 0.82 NA Questionnaire Coffee: 30-item GDS 2002- Age, sex, BMI, hypertension,
(36) women sectional Green tea (0.53- 1.27 Green Almost 2009 diabetes, history of
Black or tea: 0.56 never->1 cardiovascular diseases,
oolong (0.39- 0.81) Black cups/d cancer, or arthritis, high
tea: or oolong tea: <1 Tea: <1->4 C-reactive protein, smoking
cup/d: 0.82 cups/d and drinking habits, physical
(0.56-1.20) >1 activity, cognitive status,
cups/d: 0.71 impaired instrumental
(0.49, 1.02) activities of daily living, body
pain, education, living alone,
marital status, serum albumin
concentration, total energy
intake, intakes per 2,000 kcal
of energy intake as protein
and folate, tea consumption
(for coffee analysis), coffee
consumption (for tea
analysis), perceived social
support, visiting friends
Ruusunen | Finland 0 42-60 Prospective 2,232 49 Coffee Coffee 0.25(0.07- Coffee: 4d record Coffee: Diagnosed by a 17/5 Age, examination years,
etal. (37) cohort Tea 0.91) Tea 1.40 >813 ml/day vs. none->813 physician by years socio-economic status,
Caffeine (0/78- 2.51) Caffein never ml/d ICD criteria smoking, alcohol
0.85 (0.34-2.15) Caffeine: > 781 Tea: yes/no 1CD-9 consumption, maximal
mg/d Caffeine: oxygen uptake, BMI, and daily
>425 intakes of folate and PUFA
mg/d-781
mg/d
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Smith United 57 49.6 Cross- 3,223 NA Caffeine 0.12 (0.1- 0.2) >250 mg/day Questionnaire <140->260 HADS NA NA
(38) Kingdom sectional Mg/d
Chen China 100 53.7 Prospective 1,399 363 Tea 0.39 (0.19 to 0.84) >100 g dried tea Interview 0to>100g 20-item CES-D 2002— Age at diagnosis, education,
etal. (39) cohort leaves/ mo. vs. dried tea 2006 income, marital status,
never leaves exercise, comorbidity,
menopausal symptoms,
relapse/metastasis,
radiotherapy, and quality of
life (SF-36 mental health index
scale score)
Lucas USA 100 63 Prospective 50,739 2,067 Coffee 0.82 (0.68-0.98) >4 cups/day vs. <1 FFQ 0->4 defined as 1996 Age, interval, total energy
etal. (40) cohort cups/week cups/day self-reported 2006 intake, menopausal hormones
physician- use, smoking, BMI, physical
diagnosed activities, marital status, social
depression and or community group
antidepressant involvement, self-reported
use history of diagnosis of
diabetes, cancer, myocardial
infarction or angina, high
blood pressure, MHI score, a
minimum latency of exposure
of 8 years
Feng Singapore NA 55-93 Prospective 1,615 73 Tea 0.30 (0.11-0.85) >6 cups/day vs. Interview 0-=>6 cups/ GDS-15 2005- Age, education, housing type,
etal. (41) cohort never day 2007 marital status, physical
exercise, social and productive
activities summed score,
MMSE total score, GDS total
score
Feng China 59.3 68.6 Cross- 1,368 285 Tea 0.58 (0.42-0.80) No or irregular Asking No or 15-item CES-D June Age, education, housing type,
etal. (42) sectional consumption per participants irregular 2010 to marital status, physical
month-daily consumption July exercise, social and productive
consumption per month- 2011 activities summed score,
daily MMSE total score, GDS total
consumption score
Pham Japan 40% 218 20-68 Cross- 537 157 Coffee Coffee: 0.61(0.38- Coffee: BDHQ Coffee: 20-item CES-D 2009- Age, sex, workplace, cancer,
etal. (43) women sectional Green tea 0.98) Green tea: >2 cups/day vs. <1 <1->2 2013 CVD, diabetes or chronic
Caffeine 0.54 (0.29- 1) cup/day cups/day hepatitis, marital & living
Caffeine: 0.57 Caffeine: Caffeine: status, overtime work, BMI,
(0.30-1.05) <100 mg/d->291 <100 job position, smoking,
Green tea: >4 mg/day- physical activity, alcohol
cups/day vs. <1 >291 drinking, n-3 PUFA - red meat
cup/day mg/day - vegetable - fruit - coffee -
Green tea: green tea consumption, serum
<1->4 C-reactive protein
cups/ day concentration, serum folate
concentration

25

(Continued)

‘|e 12 qeseuAqelo]

Y¥P1S0T'£202°INUY/68¢5°0T


https://doi.org/10.3389/fnut.2023.1051444
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

UONRIINN Ul SI913U0.4

640" UISISIUOIY

TABLE 1 (Continued)

% ) S = = b4}
N (@] c c c
: g g 3 T -
< c () (= © S S S o = EE ! S
o c—~ = +O < 2 2 0 0g 0o = | &
g 25 g g £ g gz S8 5% 2
13} o O b =D (5} < 7 < © £ =3 o9 T
© <> v we O i < wES O« L <
Tsai et al. Taiwan 46.8 >53- Prospective Longitudinal} Longitudinal; Tea Longitudinal: 0.83 >3 times/ week vs. Interview <2to>3 10-item CES-D 1999 Age, sex, level of education,
(44) year- cohort 2,145 31/8%= (0.65-1.08) <2 times/week times/week 2007 psychological stress, diabetes,
old Cross- Cross 682 Cross Cross-sectional: heart disease, IADL status,
sectional sectional: sectional: 0.63 (0.50-0.79) family support, audio acuity
4,122 36.8%=
1,516
Park and Korea 59.6% 20-97 Cross- 10,177 425 Coffee 0.58 (0.44-0.76) >3 cups/day vs.< FFQ 0.14-3 Self-reported 2010~ Diseases and stroke, perceived
Moon 6,069 sectional 0.14 cups/day cups/d depression 2011 stress level, coffee - green tea -
(45) ‘Women soft drink - vegetable - fruit -
blue-backed fish - bean - red
meat consumption
Omagari Japan 13.3 41-82 Cross- 89 15 Coffee 0.082 (0.009-0.711) Coffee: 0-2 vs. >3 FFQ 0->3 HADS April to Sex, lipids, and n-6 PUFAs, the
etal. (36) sectional cups/d cups/day September | lipid and carbohydrate energy
2013 ratios
Guo USA 51.5 50-71 Prospective 252,612 11,311 Coffee Tea: M: 1.21 None vs. >4 cups FFQ 0->4 self-reported 1995- Age, sex, race, education,
etal. (46) cohort Tea (0.95-1.53) F:1.01 per day Cups/day physician- 2006 marital status, smoking,
(nested case- (0.92-1.32) Coffee diagnosed alcoholic beverage intake,
control) M:0.90 (0.80-1.01) depression physical activity, BMI, energy
F:0.93 (0.84-1.04) intake
Ritchie France Cross- >65 Cross- Cross- Cross- Caffeine Cross-sectional: M: No comparison Interview >3 MINI NA Age and center, education,
etal. (47) sectional: 61.3 sectional sectional: sectional: 0.94 (0.76- 1.18) Cups/day cardiovascular pathologies,
longitudinal: longitudinal 8,125 1,973 F:0.92 (0.80- 1.06) (>3 units of hypertension, BMI, HDL
56.3 longitudinal:| longitudinal: Longitudinal: M: caffeine, cholesterol, triglycerides,
5,785 1,076 0.85 (0.66- 1.08) F: each unit = mobility, baseline depressive
0.86 (0.74- 1.01) 100 mg symptoms
1 cup of
coffee =
100 mg
1 cup of tea
=50 mg)
Taher Tripoli 68.5 38.7 & Cross- 200 89 Tea or 2.48 (1.36-4.54) Yes/no Questionnaire Yes/no DASS-21 July to NA
etal. (48) 8.5 sectional coffee October
2014
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Lietal. China 51.8 70.7 Cross- 9,371 979 Tea Green tea: 0.97 None vs. >3 interview based 0->3 PHQ-9 NA Age and gender, race,
(49) sectional (0.80- 1.18) Black cups/day ona cups/day education level, marital status,
tea: 0.39 self-designed living status, income,

(0.23- 0.66) questionnaire vegetable intake, fruits intake,
red meat intake, fish intake,
eggs intake, smoking, alcohol
drinking, physical activity,
hypertension, diabetes,
coronary heart disease,
Activities of Daily Living Scale
scores and Mini-Mental State
Examination scores.

Chanda China 69.7 60-93 Cross- 614 NA Tea Tea: 0.82 Drinking coffee or Interviewer- Drinking GDS-15 2011- NA
etal. (50) sectional Coffee (0.71-0.95) Coffee: tea for Less or administered coffee or tea 2015
0.86(0.71-1.04) more than 15 years questionnaire for Less or
more than
15 years
Yuetal. Atlantic Canada 68.9 35-69 Cross- 18,838 3,217 Coffee Male: Never vs. > 4 Questionnaire 0-4 cups of PHQ-9 2009- Age, ethnicity, education,
(51) sectional 1.11(0.85-1.45) cups/day coffee 2013 province of residence,

Female: smoking status, alcohol

1.38(1.15-1.64) drinking, self-reported
cardiovascular disease and
diabetes, healthy eating index
(in tertiles), total physical
activity (in MET-min/week
tertiles), and BMI

Kim Korea 59.7 >19 Cross- 9,576 1,443 Green tea Green tea: Green tea never vs. FFQ Green tea: Assessed by NA Adjusted for age and sex, BMI,
etal. (52) sectional Coffee 0.79 (0.63-0.99) >3 Cups/Week 0->3 some questions income level, education level,
Caffeine Coffee: 0.68 Coffee: never vs. Cups/Week alcohol intake, smoking status,

(0.55-0.85) >2 cups/day Coffee: physical activity, intake of

Caffeine: Caffeine: 0->2 energy, vegetable, fruit, red

0.76(0.62-0.92) <22 mg/day vs. cups/day meat, fish, and green tea (or

>122.9 mg/day Caffeine: coffee)
<22-
>122.9
mg/day
Navarro Navara 60 36.4 Cohort 14,413 199 Coffee 0.37 (0.15-0.95) <1vs. >4 cups/day FFQ <1->4 two criteria 10 years Adjusted for sex, alcohol
etal. (53) years study cups/day simultaneously: intake (linear and quadratic
(a) validated term), years of university
physician- education, marital status,
diagnosed smoking, body mass index,
depression total energy intake, adherence
together with to the Mediterranean diet,
(b) new onset between-meal snacking and
of habitual following special diets,
antidepressant leisure-time physical activity
use (METS-h/week), hours of TV

watching, hypertension
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Female, %

Age range
(year)

Sample size

Exposure

Effect size
(95%Cl)

Comparison

Exposure
Assessment

Exposure
(range of
intake)

Outcome
Assessment

Adjustments

at baseline, baseline high
blood cholesterol,
self-perception of
competitiveness, anxiety, and
psychological dependence,
and use of anxiolytics, and
stratified for age (decades) and
recruitment period

cups/d

Pogoda USA 50 47.3 Cross- 1,342 132 Caffeine 1.40 (0.63- 3.11) First vs. forth 24- hrecall First-forth PHQ-9 2009- Adjusted for gender,
etal. (54) sectional quartile quartile 2010 race/ethnicity, smoking status,
and use of antidepressants.
Iranpour USA 52.8 Aged Cross- 4,737 305 Caffeine 0.23 (0.06-0.8) First vs. forth Dietary recall First-forth PHQ-9 2005- Age, sex, family PIR,
etal. (55 >18 sectional quartile quartile 2006 education, marital status,
disease history, sleep
disorders, thyroid problems,
physical activity, social
support, smoking, total
energy, cholesterol, retinol,
vitamin A, beta-carotene,
beta-cryptoxanthin, vitamin
B1, iron, and phosphorus
levels
Kimura Japan 100 65-94 A 1,992 NA Coffee Coffee: 0.64 Coffee: BDHQ Coffee: CES-D 2011- Adjusted for age, residential
etal. (56) multi-center Green tea (0.46-0.88) 0-3 vs. 107-619 0-619 2012 block, living status(alone or
cross- Caffeine Caffeine: 2/1,000 kcal /1,000 keal not alone), current smoking
sectional 0.75 (0.55-1.02) Green tea: green tea: (yes or no), alcohol drinking
study Green tea: 0-99 vs. 320-788 0-788 (yes or no), marital
0.85 (0.62-1.17) 2/1,000 keal ¢/1,000 status(married or nit
Caffeine: keal) married), physical activity
0-119.2 vs. caffeine: level (total metabolic
234.9-758 0-758 equivalents-hour/day: METs),
mg/1,000 kcal mg/1,000 size of residential area (city
kcal with a population >1 million,
a city with a population, BMI
and education(junior high
school, high school, junior
college, and university and
higher), EPA+DHA intake
(mg/1000 kcal), folate
intake(mcg/1000 kcal) dietary
supplement (yes/no)
Angeles Netherlands, 75.3 18-75 Cross- 941 312 Coffee Coffee: 1.00 Coffee: FFQ <1 30-item self- September | Adjusted for the site, age,
Pérez- United Kingdom, sectional Tea (0.60-1.65) Tea: <lcup/dvs.>3 cup/d->3 administered 2015 gender, marital status, level of
Araetal. Germany, and 1.10 (0.63-1.92) cups/d cups/d questionnaire and education, BMI, MooDFOOD
(57) Spain Tea: October diet score, smoking, alcohol
<lcup/dvs. >3 2016. use, physical activity, high

blood pressure, diabetes, and
stomach or intestinal ulcer
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Ngetal. Singapore NA Mean Prospective 3,177 57 Tea 0.34 (0.13- 0.90) None or <1 cup/d Reported None->3 GDS-15 Four Age, sex, ethnicity, education,
(58) age 67 cohort study vs. >3 cups/d habitual intake cups/d years housing type,
years of common tea single/divorced/widowed,
types using living alone, physical and
indigenous social activity, smoking,
references alcohol, number of
comorbidities, MMSE, and
baseline GDS level
Kromhout | Netherlands 59 82 years Cross- 206 145 Caffeine 0.6 (0.2-2.1) High vs. low Cups of coffee, Low- MDS-DRS NA Age, gender, and stage of
etal. (59) +9 sectional tea, and cola normal- cognitive decline together with
consumed were high any of the following variables
observed and that were significantly related
recorded six to the specific outcome (the
times a day. use of psychotropic
medication, marital status,
Barthel Index total score, the
presence of pain, cohort, and
kidney function)
Safarini Palestine 61.2 NA Cross- 1,051 598 Caffeine Coffee: NA Questionnaire NA BDI-II October Study year, gender, and
etal. (60) sectional 0.573 (0.261-1.255) 2020 academic field
Tea: and
0.567 (0.270-1.189) January
2021
Yao et al. China 54.2% 83.7 Cross- 13,115 NA Green tea 0.85 (0.76-0.95) Never or <1 Self-reported Never or CES-D-10 NA The demographic factors
(61) sectional cup/month vs. >1 <1 included age and sex.
Cup/daily cup/month Socioeconomic conditions
<1 cup/day included education,
but >1 socioeconomic status, rural
Cup/month residence, and geographical
>1 regions. Family/social support
Cup/daily included marital status and

living arrangements. Health
behaviors included social and
leisure activity index,
smoking, alcohol drinking,
BMI (as a proxy for unhealthy
behaviors), and regular dietary
(vegetable/fruit/fish/nut)
intake. Health status were
measured by self-rated health,
of 13 cognitive impairment,
medical illness, comorbidity,
and disability in activities of

daily living (ADL)

BMI, Body Mass Index; BDI, Beck Depression Inventory; GDS, Geriatric Depression Scale; CES-D, Center for Epidemiological Studies Depression Scale; PHQ-9, Patient Health Questionnaire; HADS, Hospital Anxiety and Depression scale; DASS, Depression Anxiety Stress
Scale; MDS-DRS, Minimum Data Set-based Depression Rating Scale; MINI, Mini International Neuropsychiatric Interview; ICD, International Classification of Diseases; DSM, Diagnostic and Statistical Manual of Mental Disorders; FFQ, Food Frequency Questionnaire;

BDHQ, Brief Dietary History Questionnaire.
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TABLE 2 ROBINS-I judgment for each domain and overall.

Bias due to Bias due to the Bias due to Bias due to Bias due to Bias due to Bias due to Overall
confounding selection of exposure misclassification  missing data measurement selective judgment
participants assessment during of the outcome  reporting of the
follow-up results
Hintikka et al. (34) Serious Low Serious Moderate Low Moderate Low Serious
Kendler et al. (35) Serious Low Serious Moderate Low Moderate Low Serious
Niu et al. (36) Moderate Low Serious Moderate Low Moderate Low Serious
Ruusunen et al. (37) Serious Low Moderate Moderate Low Moderate Low Serious
Smith (38) Serious Low Serious Moderate Low Moderate Low Serious
Chen et al. (39) Serious Low Serious Moderate Low Moderate Low Serious
Lucas et al. (40) Serious Moderate Moderate Low Moderate Serious Low Serious
Fengetal. (41) Serious Low Serious Moderate No information Moderate Low Serious
Feng et al. (42) Serious Low Serious Moderate Low Moderate Low Serious
Pham et al. (43) Serious Moderate Moderate Moderate Low Moderate Low Serious
Tsai et al. (44) Serious Low Serious Moderate Low Moderate Low Serious
Park and Moon (45) Serious Low Moderate Moderate Low Moderate Low Serious
Omagari et al. (36) Serious Moderate Moderate Moderate Low Moderate Low Serious
Guo et al. (46) Moderate Low Moderate Moderate Moderate Moderate Low Moderate
Ritchie et al. (47) Serious Low Serious Low Moderate Moderate Low Serious
Taher et al. (48) Serious Moderate Serious Moderate Low Moderate Low Serious
Lietal. (49) Serious Low Serious Moderate Low Moderate Low Serious
Chanda et al. (50) Serious Low Serious Moderate Low Moderate Low Serious
Yuetal (51) Serious Low Serious Moderate No information Moderate Low Serious
Kim et al. (52) Moderate Low Moderate Moderate Moderate Serious Low Serious
Navarro et al. (53) Moderate Moderate Moderate Moderate Moderate Moderate Low Moderate
Pogoda et al. (54) Serious Low Serious Moderate Low Moderate Low Serious
Iranpour et al. (55) Serious Low Serious Moderate Low Moderate Low Serious
Kimura et al. (56) Serious Moderate Moderate Moderate Low Moderate Low Serious
Angeles Pérez-Ara Serious Moderate Moderate Moderate Low Moderate Low Serious
etal. (57)
Ngetal. (58) Serious Low Serious Low Moderate Moderate Low Serious
Kromhout et al. Serious Serious Moderate Moderate Low Moderate Low Serious
(59)
Safarini et al. (60) Serious Serious Serious Moderate Low Moderate Low Serious
Yao etal. (61) Serious Low Serious Moderate Low Moderate Low Serious
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studies included both genders (34-36, 38, 41-46, 48-52, 54, 55, 57,
58, 61-64).

Due to confounding, four studies were rated to have a moderate
risk of bias (36, 46, 52, 53), while the others were rated to have a
serious risk of bias. Regarding the exposure assessment, 11 studies
were classified as moderate risk (37, 43, 45, 46, 52, 53, 56, 57, 59,
62, 65), and others presented a serious risk of bias. For the selection
of participants, seven studies were rated as having a moderate risk
(43, 48, 53, 56, 57, 62, 65), two studies were rated as having a serious
risk (59, 60), and others were rated as having a low risk of bias.
Considering misclassifications during follow-up, almost all studies
were classified as having a moderate risk of bias, while three studies
were at low risk (47, 58, 65). Due to missing data, a moderate risk
of bias was assessed in six studies (46, 47, 52, 53, 58, 65) and a
low risk in the remaining studies. Two studies had serious outcome
measurement bias (52, 65), while other studies were at moderate risk.
All 29 studies were judged to be at low risk of bias due to selective
reporting of results, and, ultimately, the overall judgment of two
studies showed a moderate risk of bias (46, 53), while 27 were at
serious risk (Table 2).

3.2. Association of coffee consumption with
depression

Four cohort studies with a total of 319,996 participants and 13,583
cases reported information about coffee consumption and depressive
symptoms (37, 46, 53, 65). Comparing the highest with the lowest
category, there was an inverse association between intake of coffee
and depressive symptoms (RR:0.89, 95% CI: 0.82-0.95; 12 = 63.7%,
Pheterogeneity = 0.04; Figure 1). Four studies were eligible for the linear
dose-response analysis (37, 46, 53, 65). An increase in coffee intake
of 240 ml per day was associated with a 4% lower risk of developing
depression (RR: 0.96, 95% CI: 0.95, 0.98; 2 =22.7%, Piose—response <
0.001) (Figure 2). We did not find a nonlinear association between

10.3389/fnut.2023.1051444

coffee intake and depression risk (Ppon—linearity = 0.89) (Figure 2).
Our subgroup analyses suggested that there were potential sources
of heterogeneity based on geographical region, follow-up duration,
and the number of participants (Supplementary Table 3). Based on
a visual inspection of the funnel plot, we found some asymmetry
(Supplementary Figure 2). Egger’s regression test indicated possible
publication bias (P = 0.001). Findings from other sensitivity analyses
revealed that excluding any single study from the analysis did not
appreciably alter the pooled effect sizes.

Ten cross-sectional studies with a total of 45,883 participants
reported information about coffee consumption and depressive
symptoms (34, 36, 43, 45, 50, 51, 57, 62, 66, 67). Comparing

s
x 67
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?
o
& 41
2
T T T T T T T
0 200 400 600 800 1000 1200
Coffee consumption (ml/day)
FIGURE 2

Dose-response association between coffee intake and depressive
symptoms. The solid line represents a non-linear dose response, and
the dotted lines represent a 95% confidence interval. Circles represent
hazard ratio point estimates for coffee intake categories from each
study with circle size proportional to the inverse of standard error.

FIGURE 1

%
Author Year Country RR (95% Cl) Weight
Ruusunen 2009 Finland < T 0.25(0.07,0.91) 0.34
Lucas 2011 USA = 0.82(0.68,0.98) 16.65
Guo 2014 USA - 0.91(0.84,0.99) 82.36
Navarro 2018 Spain —0—'— 0.37 (0.15,0.95) 0.65
Overall (I-squared = 63.7%, p = 0.041) 0 0.89(0.82,0.95) 100.00
T I T
.07 143

Relative risk of depressive symptoms for the highest compared with the lowest category of coffee intake. RR, relative risk.
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the highest with the lowest category, coffee intake had an inverse
association with depressive symptoms (RR: 0.78, 95% CI: 0.62,
0.98; I = 81.3%, Pheterogeneity = 0.001; Supplementary Figure 3).
Our subgroup analyses showed heterogeneity based on geographical
region, smoking status, physical activity, energy intake, alcohol
consumption, and BMI (Supplementary Table 4).

3.3. Association of tea consumption with
depression

Six cohort studies with a total of 263,180 participants and 12,471
cases reported information about tea consumption and depressive
symptoms (37, 39, 41, 44, 46, 58). On comparing the highest
category with the lowest category in random effects analysis, there
was no significant inverse association between tea consumption and
depressive symptoms (RR: 0.74, 95%CI: 0.51, 1.08; 2 = 77.6%,
Pheterogeneity = 0-001; Figure 3). In the linear dose-response analysis
of tea consumption and depression risk, based on four cohort studies,
an increase in tea intake of 240 ml/day was not associated with
the risk of depression (RR: 0.99, 95%CI: 0.97, 1.01; I? = 58%). We
did not find a dose-response association between tea consumption
and the risk of depression (Pgose—response = 0.405) (Figure 4). There
was no non-linear association between tea intake and the risk of
depression (Phon—linearity = 0.89) (Figure 4). Our subgroup analyses
showed heterogeneity based on the BMI, alcohol consumption,
geographical region, follow-up duration, number of participants, and
smoking status. The subgroup analysis indicated a significant inverse
association in studies conducted in Asia (RR: 0.73, 95%CI: 0.58, 0.92;
I =67%,n=3)aswellasa significant inverse association in studies
that did not adjust for alcohol intake (RR: 0.77, 95%CI: 0.60, 0.98;
I = 71%, n = 2), BMI (RR: 0.73, 95%CI: 0.58, 0.92; I*> = 67%, n
= 3), or smoking (RR: 0.77, 95%CI: 0.60, 0.98; 2 =71%, n = 2)

10.3389/fnut.2023.1051444

(Supplementary Table 5). Based on the visual inspection of the funnel
plot, we found asymmetry (Supplementary Figure 4); however, when
we did Egger’s regression tests, no significant publication bias was
observed (P = 0.07). Upon excluding the study by Ruusunen et al.
(37) from the analysis, there was a significant negative association
between tea consumption and depression (RR: 0.64, 95% CI: 0.41-
0.99).

Twelve cross-sectional studies with a total of 47,882 participants
reported information about tea consumption and depressive
symptoms (34, 36, 42-44, 49, 50, 52, 56-58, 61). On comparing

Depression Risk

T T T T T T
0 200 400 600 800 1000 1200
Tea consumption (ml/day)

FIGURE 4

Dose-response association between tea intake and depressive
symptoms. The solid line represents a non-linear dose response, and
the dotted lines represent a 95% confidence interval. Circles represent
hazard ratio point estimates for coffee intake categories from each
study with circle size proportional to the inverse of standard error.

— 1.13 (0.97, 1.30) 26.56

Author Year Country

Ruusunen 2009 Finland —
Chen 2010 China —_—
Feng 2012 Singpore * :
Tsai 2013 Taiwan —f-#—
Guo 2014 USA :
TPNg 2020 Singapore * :
Overall (I-squared = 77.6%, p = 0.000) <>
NOTE: Weights are from random effects analysis

%
RR (95% Cl)  Weight
1.40 (0.78, 2.51) 16.62
0.39 (0.19, 0.84) 13.33
0.30 (0.1, 0.85) 9.11

0.83 (0.65, 1.08) 24.58

0.34 (0.13, 0.90) 9.80

0.74 (0.51, 1.08) 100.00

T
1M

FIGURE 3

Relative risk of depressive symptoms for the highest compared with the lowest category of tea intake. RR, relative risk.

T
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%
Author Year Country RR (95% CI) Weight
Rusunnen 2009 Finland ‘: 0.85 (0.34, 2.15) 0.79
Ritchie 2015  France — 0.86 (0.78, 0.92) 99.21
Overall (I-squared = 0.0%, p = 0.980) @ 0.86 (0.79, 0.93) 100.00

FIGURE 5

Relative risk of depressive symptoms for the highest compared with the lowest category of caffeine intake. RR, relative risk.

T
294

the highest category with the lowest category, total tea, green
tea, and black tea consumption had an inverse association with
depressive symptoms (RR:0.73, 95%CIL: 0.65, 0.81; I = 61.0%,
Pheterogencity = 0.025, RR:0.84, 95%CL: 0.78, 0.90; 1> = 45.3%,
Pheterogeneity = 0.103, RR:0.58, 95%CL: 0.43, 0.79; I = 70.1%,
Pheterogeneity = 0.067; respectively Supplementary Figure 5). Our
subgroup analyses showed heterogeneity based on the number of
participants (Supplementary Table 6).

3.4. Association of caffeine consumption
with depression

Two cohort studies with a total of 8,017 participants and 1,125
cases reported information about caffeine intake and depressive
symptoms (37, 47). On comparing the highest category with
the lowest category, caffeine intake was inversely associated with
depressive symptoms (RR: 0.86, 95%CI: 0.79, 0.93; 2 = 0.0%,
Pheterogeneity = 0.980; Figure 5). One cohort study was eligible for
dose-response analysis (37). An increase in caffeine intake of 200
mg/day was not associated with the risk of depression (RR: 1.05,
95%CI: 0.80, 1.36; I> = 0%). A non-linear dose-response meta-
analysis performed on one cohort study indicated a non-statistically
significant increasing association with intake of 200-600mg of
caffeine (Pgose—response = 0-163 Figure 6) and an inverse association
with higher intake (Pgose—response = 0.18, Figure 6); however, there
was a nonlinear association (Pyon—linearity = 0.01 Figure 6).

Ten cross-sectional studies with a total of 34,495 participants
reported information about caffeine intake and depressive symptoms
(35, 38, 43, 47, 52, 54-56, 59). Comparing the highest with the
lowest category, caffeine intake did not have an inverse association
with depressive symptoms (RR: 0.64, 95% CI: 0.40, 1.01; 2 =
95.3%, Pheterogeneity < 0.001; Supplementary Figure 6). Based on a
visual inspection of the funnel plot, we found some asymmetry

Frontiersin Nutrition

(Supplementary Figure 7); however, when we did Egger’s regression
tests, no significant publication bias was observed (P = 0.34). The
overall effect size depended on the studies of Kendler et al. (35) and
Pogoda et al. (54). By excluding these studies, a significant negative
association was found between caffeine and depression risk (RR: 0.55,
95% CI: 0.34-0.88, RR: 0.58, 95%CI: 0.36-0.95, respectively).

3.5. Grading the evidence

We applied the GRADE tool to make a judgment on the quality
of the evidence. The quality of evidence was rated low for coffee
intake due to devaluations for risk of bias and inconsistency, very low
for tea intake due to downgrades for risk of bias, inconsistency, and
imprecision, and moderate for dietary caffeine intake associated with
downgrades for risk of bias (Supplementary Table 7).

4. Discussion

Our systematic review and dose-response meta-analysis of
observational studies revealed that a higher intake of caffeine, coffee,
and tea was inversely associated with the risk of depressive symptoms.
Higher coffee consumption was associated with an 11 and 22% lower
risk of depressive symptoms in the cohort and cross-sectional studies,
respectively, and there was also a significant linear dose-response
relationship. When we compared higher tea consumption to lower
consumption in cohort studies, we found that the risk of depressive
symptoms was reduced by 26%, and this inverse association was
replicated in cross-sectional studies; however, we did not find a
dose-response association. An analysis of cohort and cross-sectional
study results investigating the association between caffeine intake
and the risk of depressive symptoms found that a higher caffeine
intake was associated with a 14 and 13% lower risk of depressive
symptoms, respectively.
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FIGURE 6

Dose-response association between caffeine intake and depressive
symptoms. The solid line represents a non-linear dose response, and
the dotted lines represent a 95% confidence interval. Circles represent
hazard ratio point estimates for coffee intake categories from each
study with circle size proportional to the inverse of standard error.

These results provide supportive evidence consistent with
the findings of previous meta-analyses of observational studies
examining the association between coffee, tea consumption, and
depression. Grosso et al. suggested that coffee and tea consumption
act as protective factors for depression. It was noted that the
caffeine content may account for some of the beneficial effects, but
this does not fully explain the established relationship (68). Kang
et al. also showed quantitative evidence for the inverse association
between high coffee and tea consumption and the risk of developing
depression but concluded that it is difficult to determine the causality
of this association because of the observational design of the studies
and insufficient prospective studies for this topic (69). Regarding the
association between coffee and caffeine consumption and depression,
Wang et al. conducted a meta-analysis of observational studies and
also identified a strong inverse association (70). Dong et al. also
performed a meta-analysis of observational studies focusing on the
relationship between tea consumption and depression, which led
to the identification of tea as a potential preventive factor against
depression (71). A recent study by Fisicaro et al. (72) found that
higher mocha coffee consumption was associated with a higher level
of psycho-cognitive functioning in elderly non-smokers in Italy with
chronic subcortical ischaemic vascular disease (SIVD) and cognitive
profile of mild vascular cognitive impairment (mVCI). This finding
is consistent with previous findings and further supports the fact that
coffee has positive effects on the cognitive process as well (72).

Moreover, the results of some studies are inconsistent with the
results of the present meta-analysis. In the study conducted by
Kendler et al., it was shown that caffeine consumption by people
who are highly vulnerable to caffeine dependence may make them
more prone to chronic symptoms of anxiety and depression (35).
A meta-analysis by Pogoda et al. did not report caffeine to be
protective against depression (54). Jee et al. (73) showed that the
beneficial and/or harmful effects of caffeine on several neurological
and psychiatric disorders may differ depending on gender. Women
may be more likely to experience a reduction in stroke risk with
caffeine consumption. However, caffeine consumption may also
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increase the risk of sleep disorders for both sexes equally. A greater
reduction in dementia risk was also observed in women than in men,
according to a review. However, caffeine had a greater protective
effect against Parkinson’s disease in men than in women (73). A
cohort study on 3,323 students aged 11 to 17 years found that the
impact of caffeine on anxiety varied between sexes, with no significant
effects observed in girls, while in boys, caffeine consumption was
associated with an increase in anxiety levels (73, 74). Different kinds
of disease, different disease types, and different dosages of caffeine
or different kinds of tea or coffee may be the reasons for these
contradictions. Therefore, further research is needed to expand the
existing knowledge in this field.

The mechanisms underlying the inverse association between the
consumption of caffeine (coffee and tea) and the risk of developing
depression are not yet fully determined; however, some possible
biological explanations have been suggested. The first favorable
effect can be mediated by caffeine. Caffeine stimulates the central
nervous system since it is a non-specific adenosine A1/A2A receptor
antagonist, generating psychostimulant effects through modulating
dopaminergic transmission by increasing calcium signaling (15, 75,
76). Caffeine metabolites have an effect on adenosine receptors in
the brain, which helps to alleviate depression (76). The second
important mechanism that had been suggested to play a protective
role against depression is related to a complex mixture of chemicals
with anti-inflammatory activities. It is common knowledge that
the pathophysiology of depression is correlated with low-grade
inflammation and oxidative stress dysregulation (9, 77-79). Specific
phenolic compounds in coffee, called chlorogenic acid and caffeic
acid, play an anti-inflammatory and antioxidant role, leading to the
reduction of oxidative stress (Supplementary Figure 8) (80-82).

Tea shares similar effects as it is the main source of polyphenols,
particularly catechins. Epigallocatechin gallate (EGCG) is known to
be the most potent tea component, counteracting depression through
powerful antioxidant activity (17). Another antidepressant measure
taken by EGCG is monoamine oxidase (MAO) inhibition, leading
to a higher dopamine and serotonin concentration in the brain
(83, 84). In addition to the properties mentioned, some studies
demonstrated a probable antidepressant effect of EGCG via an
increase in brain-derived neurotrophic factor, neuronal survival,
and plasticity (83). The benefits of tea are not only related to
its caffeine and polyphenol content. Theanine, the main amino
acid found in the tea has beneficial effects against depression
by increasing serotonin and dopamine in the brain, which are
considered to be two key neurotransmitters in the etiology of
depression (Supplementary Figure 8) (18, 19).

The strengths of our study deserve consideration. First, we
applied the best-fitting second-order fractional polynomial to model
curvilinear associations when restricted cubic splines could not
be calculated because of the limited number of studies (n < 2)
included in the analyses. Second, we also considered all studies
carried out from 2015 to 2021, including 12 cross-sectional studies
and two prospective cohort studies in our analysis, which were
not considered in previous systematic reviews and meta-analyses.
Finally, the GRADE system was applied to rate the overall quality of
the evidence.

Our study also has some potential limitations. The current
study is based on observational studies with potentially unknown
confounders that affect estimates of effects, but most studies were
adjusted for potential confounders such as age, gender, health status,
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dietary intake, smoking status, physical activity, and socioeconomic
conditions. Nonetheless, unmeasured confounders might have biased
evaluations and results, such as family or social support. Due
to the cross-sectional design, we cannot ensure whether caffeine,
coffee, and tea consumption have reduced the risk of developing
depression or whether individuals with depression symptoms
consume less than non-depressed individuals. Various methods
have been used to measure caffeine, tea, and coffee consumption
(e.g., grams, cups, and times). Regarding depression assessment, a
variety of instruments were used, from specific questionnaires to
patient reports.

5. Conclusion

In summary, our results suggest that consuming coffee,
tea, and dietary caffeine may have protective effects against
depression and may lower the risk of developing depression.
However, it is crucial to conduct well-designed prospective studies
using harmonized tools in the future for both exposure and
outcome assessments.
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Background: Asia has experienced a large increase in meat intake in the past
decade, yet the health impact of meat intake is not well studied.

Objective: We examined the association of meat intake with all-cause, cancer and
cardiovascular disease (CVD) mortality in an Asian country.

Methods: Participants were 113,568 adults with dietary data at recruitment
(2004-2013) of the Health Examinees-Gem (HEXA-G) study, a prospective cohort
study conducted in 8 regions of Korea. Participants were followed until 31
December 2020. Total, red, white, and organ meat intake were computed based
on a 106-item questionnaire. Multivariable Cox proportional hazard models were
implemented using the lowest quintile of meat intake as the reference category.

Findings: For 1,205,236 person-years, 3,454 deaths were recorded. High intake
of processed red meat was positively associated with all-cause mortality [men:
hazard ratio (HR) 1.21, 95% confidence interval (95% Cl) 1.07-1.37; women:
HR 1.32, 95% CI 1.12-1.56]. Increased risk of all-cause mortality (HR 1.21, 95%
Cl 1.05-1.39) and cancer mortality (HR 1.24, 95% CI 1.03-1.50) was observed
in women with high intake of organ meat. Moderate intake of pork belly was
associated with reduced risk of all-cause mortality in men (HR 0.76, 95% CIl 0.62—
0.93) and women (HR 0.83, 95% 0.69-0.98) but high intake was associated with
increased risk of CVD mortality in women (HR 1.84, 95% Cl 1.20-2.82). Low beef
intake decreased the risk of CVD mortality in men (HR 0.58, 95% CI 0.40-0.84), but
roasted pork increased cancer mortality in women (HR 1.26, 95% CI 1.05-1.52).

Conclusion: There was increased risk of all-cause mortality associated with intake
of processed red meat in men and women, increased risk of all-cause and cancer
mortality with intake of organ meat in women, and increased risk of cancer
mortality with intake of roasted pork intake in women. High intake of pork belly
increased the risk of CVD mortality in women, but moderate intake was inversely
associated with mortality from all-causes in both men and women.

KEYWORDS

meat intake, processed red meat, all-cause mortality, cancer mortality, CVD mortality,
cohort study, cox model

1. Introduction

Estimates from the 2022 Global Nutrition Report indicated that close to two-thirds
of avoidable deaths were attributed to sub-optimal dietary composition, including 9%
attributed to high intake of meat, and 8% attributed to processed meat (1). The Asian region
has experienced the third largest increase in red and processed red meat intake in the past
decade (1), suggesting that this region is experiencing a nutritional transition toward a
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Westernized dietary pattern. Nonetheless, various aspects of the
traditional dietary pattern that emphasize high intake of plant foods
and moderate intake of fat have been retained in Asian countries
like Korea (2, 3). Accordingly, there is need to understand the
health impacts of meat intake in Asian countries considering their
unique dietary culture. Cohort studies and meta-analyses have
reported a positive association of red and processed meat intake
with all-cause and cause-specific mortality mainly in Europe and
North America (4-12).

However, pooled data from Asian countries indicated an
inverse association between red meat intake and mortality (13).
Conversely a recent cohort study from Japan reported an increased
risk of total and CVD mortality with heavy intake of total and
red meat, a low risk of stroke mortality with high intake of
total meat and a reduced risk of all-cause and cancer mortality
in men with moderate intake of processed meat (14). Different
results between Asian and Western countries have been explained
by low intake of meat in Asian vs. Western countries (11, 13,
14). However, red and processed meat intake in an Adventist
population with low intake of meat, increased the risk of mortality
(4). Previous studies in Asian populations neither differentiated
processed and unprocessed red meat (13), nor accounted for
methods of preparation which are also different from those in the
West (15-17). On the other hand, the association between white
meat consumption and mortality is inconclusive with some studies
reporting inverse associations (7, 8, 10, 13, 14) and others reporting
null associations (9, 11, 12).

The Health Examinees (HEXA) cohort is a large prospective
study of over 170,000 adults aged above 40 years who were recruited
from 38 regions of Korea between 2004 and 2013. Using this data
set, we comprehensively examined meat intake by type, degree of
processing, and method of preparation in relation to death from
all-causes and specific causes.

2. Materials and methods
2.1. The Health Examinees-Gem Study

We conducted an observational analysis of the HEXA cohort,
a prospective population-based sub-cohort within the Korean
Genome and Epidemiology study (KoGEs) that was established
to investigate the etiological factors of complex diseases (18). The
HEXA recruited participants between 2004 and 2013 at 38 health
examination centers and training hospitals located in the eight
regions of Korea. The study details have been published elsewhere
(19). Ethical approval was obtained from the Ethics Committee
of the Korean Health and Genomic Study of the Korean National
Institute of Health and the Institutional Review Boards of all
participating hospitals (IRB no. E-1503-103- 657). All participants
provided written informed consent before their participation.

2.2. Measures

2.2.1. Assessment of dietary intake

Dietary intake was assessed once at baseline using a 106-food
item semiquantitative food frequency questionnaire (SQFFQ) that
had been tested for reproducibility and validity using 12-day dietary
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records obtained from 124 participants (18). Food consumption
frequencies were classified into nine levels (from “never” to “three
times or more a day”), and portion sizes were classified into three
levels (one-half, one, and one and a half servings). Energy and
macronutrient content of each item was estimated using a food
composition table developed by the Korean Rural Development
Administration (RDA) (19). Meat items on the SQFFQ were pork
(roasted and braised), and pork belly; edible viscera/organ meat;
processed meat; beef (steak/roasted), beef soup with bones, and
beef soup with vegetables; dog meat; and chicken (fried/stew). For
mixed dishes which contained meat, we extracted meat weight by
applying weights using the food recipe information. The applied
weights represent the % weight contributed by a meat item to the
mixed dish. Red meat included beef, pork, and dog meat while
white meat included chicken.

2.2.2. Baseline covariates

Educational level, and household income were assessed in
addition to demographic characteristics such as age and sex. Other
covariates included lifestyle factors such as: smoking, where current
smokers were defined as participants who had smoked more
than four hundred cigarettes during their lifetime and were still
smoking (20); drinking-categorized into current alcohol drinkers,
past drinkers and never drinkers. Current alcohol drinkers were
those who reported that they had ever drunk alcohol and were
still drinking at the time of the interview. Regular physical exercise
was assessed by asking participants to report (1) whether they
engage in regular physical exercise that causes body sweating; (2)
the number of times they engage in these exercises in a week (1-
2 times/week to everyday); and (3) the duration of the exercise.
Regular exercise was defined as engaging in activities that caused
body sweating for at least five times a week lasting at least 30 min
per session.

Weight and height were objectively measured at baseline by
trained medical staff. Body mass index (BMI) was calculated as
weight in kilograms divided by the square of height in meters
(kg/m?). BMI was categorized into four classes based on the WHO
classification of BMI for Asian adults: <18.5, 18.5-22.9, 23-24.9,
25.0-29.9, and >30.0 kg/m? (21). The information about diseases
and use of medication was reported by participants through a
standardized questionnaire that was administered by trained staff,
and was used to define prevalent cancer, cardiovascular, cerebral
vascular, respiratory and gastrointestinal diseases. Chronic kidney
disease was diagnosed using estimated glomerular filtration rate
(eGFR < 60 mL/min/1.73 m?) that was estimated using the Chronic
Kidney Disease Epidemiology Collaboration equation (CKD-EPI)
(22). Diabetes was defined as fasting blood glucose >126 mg/dL or
drug treatment for elevated fasting blood glucose, hypertension was
defined as systolic blood pressure >130 mmHg or diastolic blood
pressure >85 mmHg or drug treatment for elevated blood pressure.
Abdominal obesity was defined as waist circumference >90 cm
for men and >80 cm for women (23). The National Cholesterol
Education Program Adult Treatment Panel III (NCEP-ATP III)
criteria was used to define metabolic syndrome (24). For each
chronic disease, participants were assigned a score of 1 (one) in the
presence and a score of zero (0) in the absence of each disease. These
scores were summed across all the diseases to create a disease score.
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The disease score was then classified as: zero (no disease) and >1
(having atleast a disease).

2.2.3. Ascertainment of mortality

The date and causes of death from 2004 to 31 December
2020, were ascertained through linkage to the death certificate
data base of the Korean National Statistical Office. The deaths
of participants on Medicaid were ascertained through linkage
to the National Health Insurance Service. Participants’ unique
identifiers were used to add mortality data from Statistics Korea.
For cause-specific mortality, the 10" revision of the International
Classification of Disease (ICD-10) codes was used. ICD-10 code
C00-C97 and 100-199 were used to classify cancer and CVD-specific
deaths, respectively.

2.2.4. Statistical analysis

Participants were divided into sex-specific quintiles of total
meat intake and intake of meat subtypes. The main outcome
variable was death from any cause, cancer or CVD. Missing data
were replaced by the mode for categorical variables and by the
median for BMI. The distribution of participant characteristics

10.3389/fnut.2023.1138102

according to quintiles of total meat intake was described using
percentages for categorical variables or least square means for
continuous variables and was stratified by sex.

Follow-up time was calculated for each participant starting
from the date of recruitment until the date of death. Participants
who did not experience the event were censored on 31%
December 2020. We examined the association of meat intake
with all-cause, cancer and CVD mortality using multivariable
cox proportional hazard models. Adjusted hazard ratios (HRs)
and 95% confidence intervals for meat intake, using quartile one
(Q1) as the reference category, were computed and adjusted for
age (continuous), demographic factors (marital status, educational
level, job, and monthly household income); lifestyle factors (total
energy intake, smoking, drinking, and regular physical exercise);
and health-related factors (BMI and history of chronic disease).
The proportional hazards assumption was assessed by including
multiplicative terms between variables and follow-up time and was
not violated (p > 0.05 for all categories).

We stratified the analyses by sex since meat intake is higher in
men than women. In addition, we conducted sensitivity analysis
(1) by excluding participants who died within 1 year of follow-
up, to avoid latent period bias and reverse causation; (2) adjusting

HEXA
n=173,195

Invalid sites, n=31,306
withdrawers, n=5
Aged <40 or >69 years, n=2626

fa

HEXA-Gem
n=139,258

~

Not linked to death register
n=22,578

—

Linked to death records
n=116,680

f;

Implausible energy reporters, n=1733:

Missing dietary data, n=1379

Men, <800 or >4000kcal/day
Women, <500 or >3500kcal/day

Analytcal sample
n=113,568

FIGURE 1
Selection of study participants.
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for alcohol intake in grams/day (continuous) to test residual
confounding from alcohol intake; and (3) adjusting for selected
dietary variables that are associated with meat intake (vegetables,
fish, seafood, and legumes).

All data were analyzed using SAS software version 9.4 (SAS
Institute Inc., Cary, NC, USA), and P<0.05 was used to define
statistical significance.

3. Results

The HEXA-Gem (HEXA-G) (n = 141,968) sample was derived
from the original HEXA study (n = 173,195) by excluding:
(1) sites that only participated in the pilot study from 2004
to 2006; (2) sites that did not meet the HEXA standards for

10.3389/fnut.2023.1138102

biospecimen quality control; (3) sites that participated in the
study for < 2 years (25) (n = 31,306), those who withdrew
from the study (n = 5), and those younger than 40 or older
than 69 years (n = 2,626). A total of 22,578 participants did not
consent to record linkage and were excluded from the analysis.
Furthermore, 3,112 participants were excluded due to missing data
on dietary intake (n = 1,379) and implausible energy reporting
(n = 1,733) leaving 113,568 participants for primary analysis
(Figure 1).

The mean age at baseline was 53.5 years (SE 8.2), 38,847 (34%)
were men and 74,721 (66%) were women. For 1,205,236 person-
years [median follow-up of 10.6 (9.5-11.9) years], 3,454, 1,720, and
539 total, cancer and CVD deaths, respectively, were recorded. The
highest consumers of total meat were more likely to be younger,
highly educated, and had high income. In addition, individuals in

TABLE 1 General characteristics of participants according to quintiles of total meat intake in the HEXA-G study.

Quintiles of total meat intake (g/day)

Women

Q4 Q5 Q1 Q2 Q3
n 7,756 7,783 7,769 7,770 7,769 14,945 14,943 14,942 14,940 14,951
Age, years, mean = SEM 56.8 £0.1 54.6 £0.1 53.2+£0.1 523+£0.1 51.7£0.1 554+£0.1 53.4+£0.1 52+0.1 51+0.1 50.3£0.1
Education, >college 35.4 40.3 43.9 454 44.2 16.3 20.0 23.5 27.0 27.8
Income, >3,000 USD 37.6 44.5 49.5 51.0 51.3 29.2 36.6 42.0 46.3 46.2
Married 94.1 94.3 95.0 94.0 94.3 82.3 86.4 88.0 89.1 90.5
Seoul resident 32.8 37.9 39.5 38.8 36.3 30.2 33.7 35.7 37.3 345
Current smoker 44.0 42.6 41.4 40.1 37.7 1.2 1.1 12 1.3 14
Past smoker 244 28.8 31.7 33.8 37.8 1.9 1.9 24 23 2.9
Current drinker 60.1 70.7 76.4 77.0 79.6 19.6 27.6 32.3 35.8 38.6
Past drinker 10.9 7.8 6.0 5.4 5.4 2.2 1.8 1.7 1.8 1.8
Regular exercise 39.4 36.0 36.0 34.4 33.5 38.1 37.1 36.1 35.2 33.1
BMI, >25.0 kg/m2 36.7 37.8 39.4 41.3 439 30.1 28.5 27.6 27.1 26.9
History of disease
Cancer 3.6 24 1.9 1.7 1.6 5.6 44 3.2 3.0 2.7
Hypertension 54.5 53.2 51.8 52 50.9 44.5 38.9 36.1 33.3 32.2
Diabetes 12.9 11.7 10.5 9.6 10.7 7.9 5.8 5.4 4.7 4.6
Metabolic syndrome 20.4 19.8 20.0 20.2 20.5 23.6 19.5 17.9 16.0 15.6
CKD 7.5 6.5 5.6 5.6 53 7.5 6.5 5.6 5.6 53
Heart disease 1.5 0.9 0.7 0.8 0.6 0.8 0.4 0.3 0.3 0.2
Disease score, 1 6.8 5.0 4.1 3.8 3.0 6.8 5.0 4.1 3.8 3.0
Total deaths, n 566 424 372 396 308 395 278 264 228 223
Cancer deaths, n 251 199 176 191 135 198 152 151 137 130
CVD deaths, n 86 63 65 69 50 62 40 36 35 33
Energy intake, Kcal/d, mean 1569.8 1682.1 1801.6 1941.8 22149 1423.5 1,528 1634.5 1766.8 2044.3
Total meat, g/d, median 12.7 28.2 443 68.7 123.1 6.3 17.5 29.8 48.8 94.3
Menopausal women 77.3 68.0 60.6 55.4 51.5
Hormonal therapy user 4.5 4.2 3.9 4.0 3.7
Oral contraceptive user 82.0 82.5 83.5 84 84.6

Values are % unless otherwise indicated. CKD, chronic kidney disease.
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FIGURE 2
Associations of meat intake with all-cause and cause-specific mortality in the HEXA-G study in men. Points are hazard ratios, and lines represent 95%
confidence interval. Models were adjusted for baseline age, marital status, education, income, job, smoking, drinking, regular physical exercise, total
energy intake, total meat intake (for specific meat types), history of chronic diseases, and body mass index. RM, Red meat. 95% confidence intervals,
sample sizes and person years are shown in Supplementary Table 3.

the highest quartiles of total meat intake were current drinkers, less
likely to engage in regular exercise and had a higher BMI in men
and low BMI in women (Table 1).

Total energy intake was high in the highest quintile of
meat intake. The proportion of individuals with chronic diseases,
menopausal women, and users of postmenopausal hormonal
therapy was low among highest consumers of total meat (Table 1).
In addition, vegetable, fish, and sea food intake were high among
highest consumers of total meat (Supplementary Table 1). The
distribution of meat intake by sex are displayed in Supplementary
Table 2. The median intake of total meat was 44.3 g/day in men
and 29.7 g/day in women. Red meat contributed over 90% to
total meat intake, and 98% of red meat intake was unprocessed in
both genders.

Total meat, total red meat or white meat intake was not
associated with all-cause mortality in both men and women
(Figures 2, 3). However, high intake of processed red meat was
positively associated with all-cause mortality in men [hazard ratio
(HR) 1.21, 95% confidence interval (95% CI) 1.07-1.37] and
women (HR 1.32, 95% CI 1.12-1.56). Moderate intake of pork belly
was inversely associated with all-cause mortality (men, HR 0.76,
95% CI 0.62-0.93; women, HR 0.82, 95% CI 0.69-0.89) (Figures 2,
3), but high intake was positively associated with CVD mortality
in women (HR 1.84, 95% CI 1.20-2.82) (Figure 3). There was a low
risk of CVD mortality in men with low beef intake (HR 0.58, 95% CI
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0.40-0.84). However, women with high intake of organ meat/meat
viscera had a high risk of all-cause (HR 1.21, 95% CI 1.05-1.39)
and cancer mortality (HR 1.24, 95% CI) 1.03-1.50 (Figure 3). These
associations persisted in sensitivity analyses (Supplementary Tables
7, 8).

When the analyses were extended to meat intake according to
preparation method, a high risk of cancer mortality was observed in
women with the highest intake of roasted pork (HR 1.26) (Table 2).

4. Discussion

Although the associations of meat intake with mortality,
particularly red meat and processed meat are well recognized in
Western populations where meat intake is a dominant part of the
diet, the relationship between meat intake and mortality in Asian
populations that have low absolute meat intake and diverse meat
preparation methods is not well characterized. In this large cohort
from an Asian population, the novel aspect is the evaluation of meat
intake by type, and preparation method in relation to total and
cause-specific mortality.

High intake of processed red meat was positively associated
with all-cause mortality in men and women, and high intake of
organ meat was positively associated with all cause and cancer
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FIGURE 3
Associations of meat intake with all-cause and cause-specific mortality in the HEXA-G study in women. Points are hazard ratios, and lines represent
95% confidence interval. Models were adjusted for baseline age, marital status, education, income, job, smoking, drinking, regular physical exercise,
total energy intake, total meat intake (for specific meat types), history of chronic diseases, body mass index, and menopausal status. RM, Red meat.
95% confidence intervals, sample sizes and person-years are shown in Supplementary Table 4.

specific mortality in women. However, moderate intake of pork
belly was inversely associated with all-cause mortality, but high
intake was positively associated with a high risk of CVD mortality
in men. Moreover, low beef intake was inversely associated with
CVD mortality in men. Considering different meat dishes, roasted
pork ribs and pork belly were associated with an increased risk
of cancer mortality in women. No evidence of association was
reported with white meat.

Total meat was not associated with all-cause mortality in both
men and women in line with pooled data (13) and previous meta-
analyses in Asian populations (7, 11). Thus, it has been suggested
that meat types should be treated separately when analyzing their
health effects (7, 11). Total red meat intake was inversely associated
with all-cause mortality using pooled data from Asian studies (13)
but was not associated with mortality in our analysis. In the former,
the study did not distinguish processed from unprocessed red meat,
and failed to account for differences in preparation methods. In
previous studies, the low intake of red meat and processed meat in
Asia has been suggested as one of the possible explanations for null
or inverse associations between meat intake and health outcomes
(11, 26, 27), with some authors arguing that the consumption
of processed and red meat in Korea is not a cause for health
concerns. Yet, even in the Adventist community with low intake
of meat, the intake of red and processed meat was associated with
all-cause and CVD mortality (4). In the current study using data
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from the Korean population with low meat intake, processed red
meat was positively associated with all-cause mortality suggesting
that processed meat may have detrimental health effects even at
lower intake amounts. The positive association of processed meat
with all-cause and CVD mortality is widely reported in Western
populations (4, 6, 10-12, 27, 28). Processed, but not unprocessed
red meat intake was associated with total and CVD mortality using
data from 21 countries (9), and with all-cause mortality in two
meta-analyses (27, 28).

Iron mutagens generated by high-temperature cooking (29, 30),
N-nitroso compounds formed in processed meat and endogenously
from heme iron (31, 32) are some of the mechanisms that may
explain the detrimental health impacts of processed red meat. In
animal studies, metabolism by intestinal microbiota of dietary L-
carnitine-a trimethylamine abundant in red meat, also produces
Trimethylamine Oxide (TMAO) and accelerates atherosclerosis
(33). Processed red meats are also high in food additives especially
nitrite/nitrates. Nitrates/nitrites in processed meat mediated up
to 72% of the association between processed meat intake and
mortality (10).

Moderate intake of pork belly was inversely associated with all-
cause mortality, and low intake of beef appeared to be protective
against CVD mortality in men. These associations could be
attributed to beef preparation methods in the Korean population.
Meat is consumed roasted or in soup or stews, preferably with
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TABLE 2 Meat intake, all-cause mortality and cause-specific mortality according to meat preparation methods in the HEXA-G study in men.

All-cause mortality

Cancer mortality CVD mortality

Person-years Deaths HR(95% Cl) Deaths HR (95% Cl) Deaths HR (95% Cl)
Roasted pork 89,519 362 0.95 (0.82-1.09) 163 0.92 (0.75-1.13) 57 0.81 (0.57-1.14)
Braised pork 100,294 416 1.06 (0.94-1.19) 197 1.12 (0.94-1.33) 69 1.05 (0.78-1.42)
Beef steak 106,160 448 0.97 (0.86-1.10) 221 1.06 (0.89-1.27) 66 0.83 (0.60-1.13)
Beef soup 126,615 483 1.00 (0.89-1.13) 225 0.93 (0.78-1.11) 85 1.01 (0.76-1.36)
Beef in vegetable soup 85,649 404 1.01 (0.88-1.15) 136 0.99 (0.81-1.20) 69 1.12 (0.80-1.57)
Fried chicken 131,345 505 1.02 (0.90-1.17) 163 0.96 (0.79-1.17) 94 1.25(0.91-1.72)
Women
Roasted pork 240,774 362 1.10 (0.95-1.26) 222 1.26 (1.05-1.52) 53 1.16 (0.81-1.67)
Braised pork 327,391 191 1.05 (0.93-1.19) 284 1.08 (0.92-1.26) 66 1.01 (0.74-1.38)
Beef steak 190,597 283 0.98 (0.84-1.14) 168 0.99 (0.81-1.20) 39 1.12 (0.75-1.67)
Beef soup 340,717 207 1.04 (0.93-1.17) 328 1.06 (0.91-1.23) 79 0.99 (0.74-1.33)
Beef in vegetable soup 137,751 227 1.02 (0.86-1.20) 207 1.06 (0.85-1.32) 29 0.96 (0.61-1.50)
Fried chicken 209,790 280 0.93 (0.79-1.09) 178 0.96 (0.77-1.20) 41 1.07 (0.70-1.62)

HR, (hazard ratios) are for highest vs. lowest intake of meat, CVD, cardiovascular disease. Models were adjusted for baseline age, marital status, education, income, job, smoking, drinking,
regular physical exercise, total energy intake, total meat intake, history of chronic diseases, body mass index, and menopausal status in women. HR, hazard ratio. 95% confidence intervals,

sample sizes and person-years are shown in Supplementary Tables 5, 6.

soybean paste. Beef is popularly prepared as “Bulgogi”- grilled
beef flavored with garlic, onions, soy sauce, and sesame oil; and
pork is prepared by steaming, stewing, boiling, or smoking (16).
In Korea, pork is the most consumed red meat and there is a
unique preference for pork belly (“Sam-gyeop-sal”) among Korean
consumers (34). In Western countries, pork belly is primarily cured
and processed as bacon, but consumers in South Korea favor
grilled or roasted bellies rather than cured or processed bacon (16).
Thus, pork belly consumed in South Korea is lower in saturated
fat than that consumed in Western countries due to different
preparation methods (34). It should also be noted that consumption
of pork belly and beef are common at social gatherings among
the middle- and high-income class in the Korean society. Thus,
the consumption of these meats could reflect high socio-economic
status and high social capital in the Korean population. Our results
suggest that moderate intake of unprocessed pork belly and beef
may offer protective benefits against premature mortality.

When we considered meat preparation methods, the intake
of roasted pork increased the risk of cancer mortality in women.
Iron mutagens generated by high-temperature cooking are possible
explanations of these associations (29, 30). In addition, direct
frying or grilling of meat generates mutagenic Heterocyclic amines
(HCAs) and polycyclic aromatic hydrocarbons (PAHs) (30) which
have been linked to the development of several cancers (35-40).

Results from a recent meta-analysis reported a 6% reduction
in all-cause mortality with high intake of white meat and a
null association with CVD-mortality in Asian populations (7).
Furthermore, a recent study from Japan reported a reduced risk
of cancer mortality with increased intake of chicken in men (14).
In the NIH-AARP Diet and Health Study, white meat intake was
inversely associated with all-cause and cause-specific mortality
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(10). Poultry meat contains more unsaturated fat, and has a lower
content of saturated fatty acids, heme iron, glycotoxins and sodium,
which may be involved in oxidative stress, and atherosclerosis
(10, 31, 32, 41). Unlike red meat, white meat does not form N-
nitroso compounds (42, 43), and it has been suggested that this
could possibly explain the inverse association between white meat
intake and mortality risk. Our finding that white meat intake is
not associated with mortality does not agree with pooled data
from Asian studies that showed that chicken intake was inversely
associated with reduced risk of all-cause mortality in men (13),
but agrees with several studies that reported a null association
between white meat intake and all-cause or CVD mortality (6, 9,
11, 12).

Several limitations should be considered while interpreting
these findings. The observational study design precludes
confirmation of causal relationships. The inclusion of old
adults limits generalizability of our findings to young individuals.
The possibility of residual confounding cannot be ruled out even
though we adjusted for multiple confounders. We relied on a
single dietary assessment at recruitment, and changes in meat
intake over time were not evaluated. Nevertheless, we conducted
sensitivity analyses by excluding participants with shorter follow-
up durations. Dietary data were self-reported, which could have
introduced measurement error and biased our results toward
the null.

The main strengths of our study include the use of a large
sample size from a population-based survey which increases
generalizability to the Korean population, the comprehensive
evaluation of meat intake by type, cooking and degree of
processing in a less-studied population with low meat intake, the
prospective study design, adjustment for potential confounding
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variables, use of a validated SQFFQ, and conducting several
sensitivity analyses.

5. Conclusion

This study highlighted the features of meat

consumption patterns in the Korean population, and that

unique

the type of red meat, and the preparation methods should be
considered in future studies and in designing public health
guidelines pertaining to meat intake in this population. The
results suggested that processed red meat increased mortality risk
from all-causes in men and women, and high intake of organ
meat is positively associated with all-cause and cancer specific
mortality in women. However, moderate intake of pork belly was
inversely associated with all-cause mortality, and low beef intake
was inversely associated with CVD mortality in men. Considering
different meat dishes, roasted pork ribs and pork belly were
associated with increased risk of cancer in women. No evidence of
association was reported with white meat.
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High blood pressure or hypertension is one of the major risks of cardiovascular
disease, which is the leading cause of death in China. This study aimed to
assess the relationship between dietary patterns and blood pressure among
Chinese adults. Using factor analysis of 66-item food frequency questionnaire
to identify dietary patterns. Systolic blood pressure (SBP) and diastolic blood
pressure (DBP) were measured according to standardized guidelines. Multivariate
linear regressions were performed in 6849 Chinese adults (46.5% female) aged
21-70 years considering sociodemographic characteristics, lifestyle behaviors,
and anthropometry data. The vegetable-rich pattern, animal-food pattern, and
prudentdietary pattern were identified. After adjustment for potential confounders
including age, gender, alcohol consumption, smoking status, energy intake,
and physical activity, only prudent dietary pattern was negatively related to SBP
(p =—2.30, p for trend =0.0003) and DBP (8 =—1.44, p for trend =0.0006). Body
mass index, waist circumstance and body fat percentage explained, respectively,
42.5%/47.8, 14.8%/17.6 and 26.0%/29.1% of the association between prudent
pattern and SBP/DBP in mediation analysis. There were no association were
observed between other dietary patterns and blood pressure. In conclusion,
Prudent dietary pattern was associated with lower SBP and DBP among Southwest
Chinese and this association was partially explained by body composition.

blood pressure, dietary pattern, factor analysis, body mass index, mediation effect

Introduction

Hypertension is the primary risk factor for cardiovascular disease (CVD) (1), which is the
leading cause of death in China (2). Recently, the prevalence of hypertension in China increased
from 24.9% in 2004 to 38.1% in 2018 (3), and the prevalence was as high as 44.7% among adults
aged 35-75 from 2014-2017 (4). In addition, the awareness, treatment, and control rates of
hypertension are at a relatively low level (3, 4), increasing the burden of CVD morbidity and
mortality. Thus, an improved understanding of hypertension prevention and control from the
perspective of modifiable risk factors is of significant public health interest (5). Accumulating
studies have suggested that diet is an established risk factor influencing blood pressure (6, 7).
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Besides these associations of individual nutrients or foods and food
groups with blood pressure (8-11), clinical trials found that total
dietary patterns, which describes the combinations of foods and
nutrients consumed in totality by individuals, were better on lowing
blood pressure (12). Recent observation studies also found that dietary
patterns were associated with the prevalence of hypertension (13-18),
for instance, traditional or western dietary pattern was associated with
high blood pressure. However, these previous studies among Chinese
adults have been based on earlier data (from 2002 to 2013) (16-18) or
have limited study sample (ranging from 2,518 to 3,591) (16, 17),
discouraging the optimal practical value for such evidence. An
updated investigation on dietary pattern and blood pressure based on
a larger sample of Chinese adults is urgently needed.

Notably, body composition, indicated body mass index (BMI),
waist circumstance (WC), and percentage of body fat (BF%) could
be attributed to dietary patterns and simultaneously has been
indicated to be positively associated with blood pressure (19-21). In
that way, body composition might confound or mediate the impact of
dietary pattens on hypertension. For example, Shi et al. found the
association between dietary pattern and hypertension was attenuated
after the addition of BMI to the model (22). Livingstone et al. reported
the relevance of dietary pattern with hypertension was stronger in
individuals with overweight/obese (23). A recent study considered the
effect of the Dietary Approaches to Stop Hypertension (DASH) diet
for hypertension may be fully influenced by BMI (24). These studies
suggest the relationship between diet pattern, body composition, and
hypertension is complex and further research is needed. Over the past
decades, China has been under a drastic transition in the diet, leading
to unfavorable changes in dietary pattern characterized with
increasing consumption of animal-source food, oils, and sugar-
sweetened beverages (25). Given the emerging epidemic of
hypertension as well as obesity, it is valuable to consider the potential
effect of body composition in the dietary pattern-blood
pressure association.

Therefore, using the cross-sectional data 2013 to 2018 from a
population-based cohort among Southwest Chinese adults, we aimed
to determine the association between dietary patterns derived by
factor analysis and blood pressure and investigate the possible
mediation effect of body composition.

Methods
Study sample

We obtained data from the Nutrition and Health in Southwest
China (NHSC) 2013-2018 baseline survey to investigate the role of
diet, lifestyle, genetic background, and their interactions on
non-communicable diseases among Chinese adults. Details on study
protocol have been described previously (26). In brief, 54 study sites
(23 communities and 31 villages) from Sichuan, Guizhou, Yunnan
provinces were included until 2018. At each site, we used a 2-stage
(household person) sampling. Individuals who accepted the invitation
to participate were invited to the study center for interviews. All
assessments of participants in the NHSC Study have included
questionnaires, anthropometric measurements, medical examinations,
biochemical measurements, and face-to-face interviews by trained
investigators about nutrition-related behaviors, lifestyles, and social
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status. To facilitate follow-up, participants who volunteered to
participate, and signed an informed consent form were included in
the final study. The study was approved by the Research Ethics
Committee of Sichuan University. All participants had signed
informed written consent.

This cross-sectional study used the data of 7,858 adults. Among
them, adults with incomplete information regarding blood pressure
data or other confounding variables (1 =497), with implausible energy
intake (i.e., >4,200 or < 800kcal/d for men and > 3,500 or <500 kcal/d
for women) (27) (n =125), and with diagnosed cardiovascular diseases
or hypertension at baseline (n =387) were excluded. Finally, 6,849
participants (3,664 men and 3,185 women) aged 21-70 y were
included in the present analysis (Figure 1).

Dietary intake data

Usual dietary intake information during the previous year was
obtained from 66-item food frequency questionnaire (FFQ), this FFQ
was developed based on the validated questionnaire (28, 29) that was
used in the 2002 China National Nutrition and Health Survey, and
be additionally modified added a few individual food groups, e.g.,
coffee (30) and tea (31), as their suspected biological effects; split some
food groups into more clearly precise categories, e.g., wheat flour
products were split into noodles, steamed rolls, dumplings and
steamed stuffed bun. Participants were asked to recall the frequency
of the consumption of each food item using daily, weekly, monthly,
annually, or never and the estimated portion size, using local weight
in China, i.e,, 1 liang=50g or natural units, e.g., bowls. To enhance the
accuracy of the estimated serving sizes, standard tableware including
bowls, plates, and glasses were provided. Total energy intake and
nutrients intake were assessed based on the China Food Composition
Table (32).

Dietary pattern derivation

The food items from FFQ were categorized into main food
groups based on similar sources, nutrient profiles (32), or
hypothesized biological effects. As a result, 24 food groups were
entered into the analysis in absolute weights (Table 1). Factor
analysis was conducted in the SAS software (version 9.4, SAS
Institute Inc., Cary, NC, United States.) with the PROC FACTOR
procedure to identify dietary patterns. Kaiser-Meyer-Olkin test was
0.67 and the Bartlett’s test of sphericity reaching statistical
significance (p <0.0001) indicated suitability of food intake data for
factor analysis. The factors were orthogonally rotated to achieve a
simpler structure with greater interpretability. Three factors (dietary
patterns) to be retained were determined based on eigenvalues >1,
the inspection of scree plot, and the interpretability of factors.
Factor loadings reflect the correlations of each food group with the
corresponding dietary pattern. Food groups with factor loadings
>0.30 or<—0.30 were considered as the most important
contributors to each factor (33), and thus descriptive of that dietary
pattern. Furthermore, the factor score for each pattern was
constructed by summing standardized intakes of each food group
weighted by their factor loadings, so that higher factor scores
indicated better adherence to dietary patterns.
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7858 adults recruited in 2013-2018
l =497 adults had missing values on blood pressure,
| anthropometry, or relevant covariate |
@ L Excluded |
7361 adults
@ | n=125 adults with implausible nutritional data
Excluded |
— — — — — — — — — — — — — —
7236 adults
l n=387 adults with diagnosed cardiovascular
| diseases or hypertension |
Excluded |
6849 adults included in this analysis
IFfIl(c;)L\j\f;art for the study sample.

Blood pressure measurement

Participants’ systolic blood pressure (SBP) and diastolic blood
pressure (DBP) were measured twice by trained nurses with a standard
mercury sphygmomanometer in their right arm, after a rest for about
5-10min in the sitting position. SBP and DBP were recorded for each
participant. If the difference in SBP and/or DBP between the first and
second measurement was larger than 5 mmHg, the third measurement
was taken. The average SBP and DBP were calculated from the nearest
two values.

Covariates

Detailed information on participants’ socio-demographic
characteristics such as sex, age (years), and lifestyle behaviors
including smoking status (current smokers, former smokers who quit
smoking or non-current smokers who never smoked), alcohol
consumption (yes: at least once in the past year; or no) was collected
from a questionnaire-based interview. The physical activity was
estimated in metabolic equivalents-hours per week (MET-hours/
week) from moderate-to-vigorous physical activity (MVPA) (34).

Anthropometric measurements were performed by trained
investigators according to standard procedures, with the subjects
dressed lightly and barefoot. Height and weight were measured to the
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nearest 0.1 cm and 0.1 kg, respectively, using an Ultrasonic instrument
(Weight and Height Instrument DHM-30; Dingheng Ltd., Zhengzhou
Province, China). WC was measured at a point midway between the
lowest rib margin and the iliac crest in a horizontal plane using
non-elastic tape to the nearest 0.1cm. All anthropometric
measurements were performed twice for each participant. BMI was
calculated as weight in kilograms divided by height in meters squared
of the individual. %BF was calculated from BMI and WC using the
equations from Liu, X. et al. (35) Body composition data were used as

continuous variable in this analysis.

Statistical analysis

All statistical analyses were conducted using SAS procedures
(version 9.4, SAS Institute Inc., Cary, NC, United States.) and R
version 4.1.1. Results were considered statistically significant when a
two-sided value of p <0.05.

Dietary pattern scores were grouped into tertiles (T1, T2, and T3)
to obtain three categories indicating a low, moderate, and high
adherence to a dietary pattern. Socio-demographic characteristics
were described across tertiles in each dietary pattern. Difference in
continuous variables was estimated using the generalized linear
model, and categorical variables were compared by the chi-square test.
To further investigate the nutrient composition of each dietary


https://doi.org/10.3389/fnut.2023.1131126
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

Chen et al.

TABLE 1 Food or food groups used in the dietary pattern analysis.

Food or food groups Food items

) . Rice, brown rice, black rice, sticky rice,
Rice and its products )
rice noodles

Noodles Noodles, pasta

Wheat and its products steamed bun, steamed stuffed bun

Whole grains products Graham Bread, multigrain biscuits

Tangyuan, spring rolls, mooncake, mung

Ethnic foods
bean cake
Corn Corn
Tubers Potato, cassava, taro, yam

Sweet potato Sweet potato

Dried legumes, tofu, soya-bean milk,
Legumes and its products
dried bean curd, mung bean, red bean

Leafy and flowering vegetable, aquatic
Dark Vegetables y gvee B
vegetable

Root vegetable, leguminous vegetable and
Light-colored vegetables sprout, cucurbitaceous and solanaceous

vegetable

Mushroom, agaric, tremella, laver, sea-
Fungi and algae

tangle

Kernel fruit, drupe fruit, berry, orange
Fruits

fruit, tropic fruit, melons

Walnut, melon seeds, cashew, hazelnut,
Nuts

almond, pistachio

Pork, beef, mutton, rabbit meat,
Meat and its products

processed pork, sausage

Poultry and its products Chicken, duck, goose, turkey, pigeon

Animal heart, animal kidney, animal
Animal organ
liver, animal lung

Fish and shellfish Fish, shrimp, crab, shellfish

Chicken eggs, duck eggs, goose eggs,
Eggs
partridge eggs

Preserved eggs Salt eggs, year eggs

Fermented soybean curd, salted
Pickled vegetables
vegetables, Chinese sauerkraut

Dairy products Milk, dried milk, yoghurt, cheese

Tea and coffee Green tea, black tea, oolong, coffee

Beverages Carbonated drink, fruit juice, Yakult

pattern, linear correlations were performed with confounders in
regards to the association between nutrients intakes and dietary
patterns including age, gender, and energy intake.

We used multivariate linear regression models (PROC GLM
procedure in SAS software) to explore the relationship of dietary
pattern scores (continuous variable) with SBP and DBP. Three models
were used in our study: model 1 was adjusted for age and gender,
Model 2 was further adjusted for smoking status, alcohol consumption,
energy intake and physical activity, and models 3-5 was additionally
adjusted for body composition (In order, BMI, WC, BF%) to
determine if the effects were independent of body size.
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Furthermore, we created linear models to measure the association
between dietary pattern scores (exposure), blood pressure (outcome),
and body composition (mediator). Mediation analysis was performed
only if the mediator variable was significantly associated with both the
exposure and outcome. Mediation by body composition was estimated
using the mediation R package (36) to calculate the average direct
effect (ADE), the average causal mediation effect (ACME), the total
effect (TE), and the proportion of mediated effect (PME). This effect
is estimated by conducting 10,000 simulations using a quasi-Bayesian
Monte Carlo method based on normal approximation (37).

Results

The three main dietary patterns identified by factor analysis and
the factor loadings for each dietary pattern are presented in Table 2.
Factor 1 was characterized by vegetables, tubers, nuts, corn, legumes
and its products, and was named “the vegetable-rich pattern” The
“animal-food pattern” (factor 2) was loaded heavily for poultry and its
products, meat and its products, animal organ, beverages, fish and
shellfish, wheat and its products and rice and its products. Factor 3
(the “prudent dietary pattern”) was marked by high intakes of fruits,
whole grains products, dairy products, eggs, wheat and its products,
and ethnic foods, with inverse loading for rice and its products. These
three dietary patterns explained 24.6% of the total variation in dietary
intake (11.1%, 6.9%, and 6.6% for factor 1, factor 2, and factor 3,
respectively).

General characteristics of study participants according to tertiles
of each dietary pattern are presented in Table 3. The mean age of the
study population was 45.0 +13.7 years. 46.5% of the study participants
were female, with mean values of SBP and DBP being 123.7+16.5 and
78.1+10.6mmHg, respectively. The vegetable-rich pattern was
positively associated with age, SBP, and DBP. Participants with a
higher score for vegetable-rich pattern were more likely to drink
alcohol compared with those with a lower score. There were no
associations between vegetable-rich pattern and gender, BMI, WC,
BF% or smoking status. Animal-food pattern score was inversely
associated with age and BF%, and positively associated with BMI and
WC. Participants with a higher score for the animal food pattern were
more likely to smoke or drink alcohol than participants with a lower
score. Prudent dietary pattern was inversely associated with BMI, WC,
SBP, DBP, and a greater percentage of not current smokers. All three
patterns were positively correlated with energy intake.

Nutrient intakes across tertile of each dietary pattern are shown
in Table 4. A higher vegetable-rich pattern score was associated with
a higher protein, potassium, calcium, fiber, and most vitamins,
including Vitamin A, Vitamin B1, Vitamin B2, Vitamin B3, Vitamin
C, and Vitamin E. A higher animal food pattern score was associated
with a higher intake of protein and vitamin A. The carbohydrate,
calcium, Vitamin B1, Vitamin C, Vitamin E, and Fiber intake were
significantly lower as the animal food pattern scores increased.
Prudent pattern score was positively correlated with carbohydrate,
potassium, calcium, Vitamin B1, Vitamin B2, Vitamin C, Vitamin E,
and fiber, and inversely correlated with fat, protein, and vitamin B3.

Table 5 presents the associations of tertiles of each dietary pattern
with SBP and DBP. Multiple linear regression analysis showed that
prudent dietary pattern was inversely related to SBP (f =—1,73, p for
trend =0.004) and DBP (f =-1.20, p for trend =0.002) after
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TABLE 2 Orthogonally rotated factor loadings for three dietary patterns
derived from factor analysis®.

Food or Factor 1 Factor 2 Factor 3

Sroups Vegetable  Animal  Prudent
food food

Rice and its 0.25 0.32 —0.39

products

Noodles 0.20 0.06 —0.04

Wheats and its 0.14 0.34 0.38

products

Whole grains 0.04 0.08 0.47

products

Ethnic foods 0.03 0.04 0.35

Corn 0.41 —0.14 0.04

Tubers 0.55 0.06 0.10

Sweet potato 0.35 -0.20 -0.16

Legumes and its 0.41 0.25 0.03

products

Dark Vegetables 0.65 0.11 —-0.01

Light-colored 0.54 0.20 0.09

vegetables

Fungi and algae 0.37 0.29 0.29

Fruits 0.16 —0.02 0.48

Nuts 0.42 -0.22 0.00

Meat and its 0.18 0.56 -0.28

products

Poultry and its 0.08 0.67 0.11

products

Animal organ —-0.04 0.51 —-0.03

Fish and 0.15 0.46 0.07

shellfish

Eggs 0.28 —0.04 0.38

Preserved eggs 0.20 0.09 0.14

Pickled 0.19 0.18 —0.28

vegetables

Dairy products 0.01 —0.06 0.46

Tea and coffee 0.14 0.01 0.06

Beverages —0.15 0.50 0.12

% Variance

explained 11.1% 6.9% 6.6%

“Factor loadings > 0.30 or <—0.30 are bolded.

adjustment for age and gender (model 1). Further adjustment for
smoke state, alcohol consumption, energy intake and physical activity
(model 2) did not change these inverse associations (for SBP,
p =-2.30, p for trend =0.0003; for DBP, f =—1.44, p for trend
=0.0006). In models 3-5, the strength of relation between prudent
dietary pattern score with SBP (f =—1.35, p for trend =0.03, model 3;
B =—1.65, p for trend =0.007, model 4;  =—1.89, p for trend =0.02,
model 5) and DBP (f =—0,79, p for trend =0.045, model3; # =—0.99,
p for trend =0.01, model 4; § = —1.14, p for trend =0.004, model 5) was
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attenuated but remained significant with additional adjustment for
body composition. While the vegetable-rich pattern and animal-food
pattern were not associated with either SBP and DBP in all models (all
p >0.05).

Since the strength of the association between prudent dietary
pattern scores with SBP and DBP was attenuated by additional
adjustment for body composition., we conducted a mediation analysis
between prudent dietary pattern, body composition., and blood
pressure (Figure 2). The results of mediation analyses indicated that
BMI WC and BF% partially mediated the association between prudent
dietary pattern and blood pressure, respectively. 42.5%/47.8% of the
association between prudent dietary pattern scores and SBP/DBP was
mediated by BMI (Figure 2A). In Figure 2B, the WC contributed to
14.8%/17.6% of the total effect of prudent dietary pattern on SBP/
DBP. The between prudent dietary pattern scores and SBP/DBP was
explained 26.0%/29.1% by BF% (Figure 2C).

Discussion

In this sample of Chinese adults, we identified the prudent dietary
pattern, vegetable-rich pattern, and animal-food pattern, among
them, only the prudent pattern was found to be inversely associated
with SBP and DBP. In addition, BMI, WC and BF% contributed to,
respectively, 42.5%/47.8, 14.8%/17.6 and 26.0%/29.1% of these
associations of prudent pattern with SBP/DBP.

Compared with studies focusing on single nutrients or foods, our
findings about the negative association between the prudent pattern
with blood pressure have a more direct public health implication. Each
unit increase in prudent pattern scores was associated with a
2.30 mmHg lower SBP and 1.44 mmHg lower DBP after adjusted for
age, gender, alcohol consumption, current smoker, energy intake and
physical activity. Although this change is relatively small, it is
significant on a population level, for example, a 5mm Hg reduction in
blood pressure would prevent around 200,000 deaths per year among
individuals younger than 70years of age (38) and associated with
around 4% lower mortality from coronary heart disease (39). Our
result was in line with the study conducted in Korean adults aged
20-64years (40). Moreover, we tried to find some clues in the loading
foods of prudent pattern, and fruits were independently associated
with blood pressure (data not shown) in our sample. Additionally,
high-correlated nutrients, calcium (41), potassium (42), and
magnesium (43) in prudent pattern were found to play crucial roles
in the prevention of hypertension. Therefore, the impact of prudent
pattern on lowing DBP and SBP could be considered according to a
synergistic effect of these foods and nutrients. The prudent dietary
pattern characterized by higher intakes of fruits, whole grains and low
intakes of red meat was similar to the DASH diet, which is a healthy
eating pattern have demonstrated positive effects on blood
pressure (44).

Body composition played a critical mediating role in the
association between prudent dietary pattern and blood pressure.
Interestingly, the mediating effect of BMI is the largest with
approximately half of the total effect of prudent pattern on blood
pressure (42.5% for SBP and 47.8% for DBP), which might be partly
explained by the evidence that measures of general adiposity had been
found to be more strongly related to blood pressure than measures of
central adiposity in Chinese adults (19, 45). These findings showed an
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TABLE 3 Participant characteristics according to categories of dietary patterns?.

All subjects Vegetable-rich pattern Animal-food pattern Prudent dietary pattern
T1 T3 T3 T1 T3

N 6,849 2,283 2,283 2,283 2,283 2,283 2,283
Age (y) 45.0+13.7 41.6+13.7 47.5+13.3 <0.0001 52.0+13.7 38.5+12.1 <0.0001 46.2+11.0 44.9+15.8 0.09
Gender (%)
Female 465 55.5 447 04 742 21.1 <0.0001 420 515 0.1
Male 53.5 445 553 25.9 78.9 58.1 485
BMI (kg/m?) 24.0%3.1 23.8+32 242431 02 23.543.0 243+33 0.02 24.6+3.1 23.1+3.0 <0.0001
wC 85.6+8.6 85.2+8.9 85.8+8.2 03 84.5+8.3 86.5+9.1 0.007 86.9+8.2 83.6+8.4 0.02
BF% 27.2+6.6 26.7+6.4 27.2%6.7 0.8 30.3+6.0 244%57 <0.0001 27.3+6.8 27.0%6.4 0.1
Alcohol consumption (%)
Yes 52.3 53.8 57.0 0.048 343 70.9 <0.0001 52.1 49.8 0.5
No 4738 46.2 43.0 65.7 29.1 47.9 50.2
Smoking status (%)
Current 2338 254 219 0.7 8.9 38.4 <0.0001 322 15.6 0.0001
smoker
Non-current 762 74.6 78.1 91.1 61.6 67.8 83.4
smoker
Energy intake 1376.0+523.5 1100.3 +475.0 1698.8 +532.1 <0.0001 1154.7 £503.0 1687.8 +526.0 <0.0001 1,304 +489.3 1558.5+586.2 <0.0001
(kcal/d)
Physical 17.5+9.8 14.7+7.0 18.9+8.4 0.08 18.9+9.9 16.8+7.7 <0.0001 16.8+7.0 17.5+9.6 <0.0001
activity
(MET-h/wk)
SBP (mmHg) 123.7+16.5 120.6+15.6 126.0+16.8 0.0001 124.0+18.0 123.7+14.9 0.7 127.4+17.7 120.9+16.2 0.0007
DBP (mmHg) 78.1+10.6 77.2410.1 79.0+10.9 0.04 76.7+10.2 79.2+10.5 0.07 81.2+10.3 76.2+10.8 0.0006

“Data were presented as means + SD or percent; T1, tertile 1, including individuals with lowest dietary pattern score; T3, tertile 3, including individuals with highest dietary pattern score; difference in proportions were measured by Chi-square analysis (categorical

variables) or linear trends were measured by analysis of variance (continuous variables) across tertiles.

SBP, systolic blood pressure; DBP, diastolic blood pressure; BMI, body mass index; WC, waist circumstance; BF%, body fat percentage.
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TABLE 4 Mean nutrient intakes for tertile of dietary pattern score?.

Animal-food pattern Prudent dietary pattern

Vegetable-rich pattern

T3 T3 T3
Carbohydrate (%E) 57.0+1.2 56.2+1.2 0.2 582+1.2 54212 <0.0001 555+ 1.1 56.8 +1.1 0.002
Fat (%E) 26.1£1.1 255+ 1.0 0.8 256+ 1.0 26.7+£1.0 0.3 264+0.38 263+0.8 0.04
Protein (%E) 17.0+0.2 18.3+0.4 <0.0001 162+ 0.4 192+0.4 <0.0001 18.1+0.4 17.0+0.4 <0.0001
K (mg/1000 keal) 1119.5 +38.8 1527.1+38.9 <0.0001 13435+ 43.8 1286.7 = 45.2 0.2 1190.9 + 39.1 1380.2 +39.5 <0.0001
Ca (mg/1000kcal) 267.8+15.7 3146+ 157 <0.0001 3248157 259.6 + 16.1 0.0002 223.2+13.4 338.1+13.5 <0.0001
Mg (mg/1000kcal) 163.3 £ 4.9 2167+ 54 <0.0001 199.4 +5.0 177.5 + 4.1 <0.0001 179.6 + 5.4 190.5+5.5 0.006
Vitamin A (mg 313.3£29.5 424.0£29.6 <0.0001 344.5 % 30.1 405.4 % 30.9 <0.0001 339.6+27.8 359.9 % 28.0 0.2
RAE/1000 kcal)
Vitamin B, (mg/1000 kcal) 0.47 £0.01 0.55+0.01 <0.0001 0.54+£0.01 0.47 £0.01 <0.0001 0.47 £0.01 0.53 £0.01 <0.0001
Vitamin B, (mg/1000 kcal) 0.62 £ 0.02 0.69 £0.02 <0.0001 0.67 £0.02 0.65 £ 0.02 0.07 0.58 £0.02 0.71 £0.02 <0.0001
Vitamin B; (mg/1000 kcal) 11.3+0.3 123+0.3 0.001 9.8+0.3 13.8+£0.3 <0.0001 13.6 £0.3 10.1+0.3 <0.0001
Vitamin C (mg/1000 kcal) 59.8 5.9 103.0 £5.9 <0.0001 87.9+6.3 742+ 6.4 0.001 66.2+5.6 92.6+5.7 <0.0001
Vitamin E (mg/1000 kcal) 7.7+0.5 9.8+0.5 <0.0001 10.5+0.5 72+0.5 <0.0001 7.4+04 9.8+0.5 <0.0001
Fiber (g/1000kcal) 7.4+0.4 10.7 £ 0.4 <0.0001 9.9+0.4 8.0+0.4 <0.0001 7.6+0.4 10.0 £ 0.4 <0.0001

“Values are least-squares means+SD for tertile 1 and tertile 3 of dietary pattern score, from models adjusting for age, gender, energy intake; p-values refer to general linear regression.

E, energy; K, potassium; Ca, calcium; Mg, magnesium.
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TABLE 5 Association between dietary patterns and blood pressure®.

P for trend P for trend
Vegetable-rich pattern
Model 1° 1.06 (0.62) 0.09 0.38 (0.40) 0.3
Model 2¢ 1.12 (0.76) 0.1 0.56 (0.50) 0.3
Model 3¢ 0.98 (0.71) 0.2 0.42 (0.46) 04
Model 4 1.29 (0.72) 0.07 0.63 (0.47) 0.2
Model 5° 1.30 (0.73) 0.08 0.64 (0.47) 0.2
Animal-food pattern
Model 1° 0.78 (0.67) 0.2 0.50 (0.44) 0.3
Model 2¢ 0.92 (0.76) 0.2 0.73 (0.50) 0.1
Model 3¢ 0.04 (0.72) 0.9 0.12 (0.47) 0.8
Model 4 —0.23 (0.73) 0.8 —0.06 (0.48) 0.9
Model 5 —0.05 (0.74) 0.9 0.00 (0.48) 0.9
Prudent dietary pattern
Model 1° —1.73(0.59) 0.004 —1.20 (0.39) 0.002
Model 2¢ —2.30 (0.64) 0.0003 —1.44 (0.42) 0.0006
Model 3¢ —1.35(0.61) 0.03 —0.79 (0.39) 0.045
Model 4 —1.65 (0.61) 0.007 —0.99 (0.39) 0.01
Model 5° ~1.89 (0.62) 0.002 —1.14 (0.40) 0.004

“Values are estimate (SE, standard error). Linear trends (p, yenq) Were obtained with SBP, DBP as continuous variables. Significant data are in bold.

"Model 1 adjusted for age, gender.

“Model 2 adjusted for variables in model 1 and alcohol consumption, current smoker, energy intake, physical activity.

4Model 3 adjusted for variables in model 2 and BMI.
“Model 4 adjusted for variables in model 2 and WC.
‘Model 5 adjusted for variables in model 2 and BF%.

SBP, systolic blood pressure; DBP, diastolic blood pressure; BMI, body mass index; WC, waist circumstance; BF%, body fat percentage.

independent effect of prudent pattern on reducing blood pressure,
which could not be ignored in the first place, and provided evidence
for diet recommendations to prevent elevated blood pressure. In
addition, the disclosed mediator effect of body composition indicated
that obesity status seemed to be important for the dietary
recommendation to hypertension control and reinforced the need to
maintain a healthy weight, WC, and body fat in public health practice.
However, the underlying biologic mechanisms remains unknown, and
further research are needed to address the prospective interplay
among dietary patterns, body composition, and blood pressure in
Chinese adults.

Although some studies have suggested that a vegan or
vegetarian diet may be protective against obesity, type 2 diabetes, or
CVD (46, 47), vegetable-rich pattern in our study did not
significantly affect blood pressure. This discrepancy might lie in the
characteristic of our sample. Participants in the highest tertile had
an approximately 14% higher age compared to those in the lowest
tertile, and most of the elderly tend to change their eating habits.
Moreover, it cannot be denied that the efficacy of BP lowering using
the vegetable-rich dietary modification was inconsistent recently
(44). For animal food pattern, our finding is consistent with the
results reported in the previous study (48) among Chinese
population, but its positive association with blood pressure in
subjects from other countries (49, 50), suggesting that the effect of

Frontiers in Nutrition

the animal food pattern on blood pressure may be race specific.
Further prospective research is needed to confirm the impact of
these dietary patterns on blood pressure.

The strengths of our study included its representative study
sample and detailed measurement of blood pressure, dietary and
anthropometric measurements with the ability to adjust for several
major potential confounders. Meanwhile, we considered the
mediation effect of body composition to optimize public health
practice. Nevertheless, our study had several limitations. Given the
cross-sectional design of this study, we were unable to evaluate the
causal relationship between dietary patterns and blood pressure.
Future prospective cohort studies are warranted to verify our findings.
In addition, there was a lack of information on foods (e.g., types of
meats, beverages, cooking methods, and seasoning), which play an
important role in the regulation of blood pressure (51-53), so it is
difficult to characterize dietary patterns in more specific details.
Furthermore, although we have adjusted for demographics and
lifestyle factors, residual confounding unmeasured factors might
be present.

In this study, prudent dietary pattern characterized by higher
intake of fruits, whole grains products, dairy products, eggs, and
wheat and its products, and lower intakes of rice and its products was
associated with lower SBP and DBP among Chinese adults. This
association was partially explained by body composition.
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FIGURE 2

Mediation linkages among the prudent patterns scores (continuous exposure), blood pressure (continuous outcome) and body composition
(continuous mediator). Adjusted for age, gender, alcohol consumption, current smoker, energy intake and physical activity. (A) BMI as the independent
variable, (B) WC as the independent variable, and (C) BF% as the independent variable. Regression coefficients are presented, with the path a
representing the effect of prudent patterns scores on body composition, path b representing the effect of body composition on blood pressure, path ¢’
representing the direct effect of prudent patterns scores on blood pressure, The PME reflects the proportion of the total effect of the prudent patterns
scores on the blood pressure that is explained by body composition. *p <0.05, **p <0.01, ***p <0.001. BMI, body mass index; DBP, diastolic blood
pressure; PME, the proportion of mediated effect; SBP, systolic blood pressure; WC, waist circumstance; BF%, body fat percentage.
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Purpose: To identify the dietary patterns and their association with cardiovascular
risk factors among adult people in urban and rural areas of Wolaita, southern
Ethiopia.

Methods: A total of 2,483 participants aged 25-64years were selected using a
three-stage random sampling. Data for this study were collected using structured
questionnaires, the previous 24-h dietary intake assessment, anthropometric,
blood pressure, and biochemical measurements. We used factor analysis to
identify dietary patterns. Factors associated with dietary patterns were analyzed
using multiple linear regression models. The adjusted regression coefficients with
their 95% CI were used to ascertain the association.

Result: We identified three major dietary patterns that explained 51% of the
variance in food consumption. The western dietary pattern was characterized
by the consumption of meat/organ meat, biscuits/sweets, chicken stew, pasta-
macaroni recipes, butter, white wheat bread, egg recipe, and Ethiopian dish shiro-
wet, and was positively associated with urban residence, obesity, hypertension,
blood glucose, and total cholesterol levels. Adherence to the consumption of
tubers, whole-grain maize products, coffee leaves-and-herbs beverage, legumes,
and sweet potatoes featured the traditional dietary pattern. The traditional dietary
pattern showed a positive relationship with rural residence, physical activity,
and obesity, and it had a negative relationship with hypertension. The healthy
dietary pattern was characterized by the intake of green leafy vegetables, green
pepper, and whole-grain maize products, and negatively related to obesity, and
hypertension, while positively related to urban residence.

Conclusion: The coexistence of western, traditional, and healthy dietary patterns
in the present study indicates the transition to a new dietary pattern in the study
area. All dietary patterns were associated with one or more cardiovascular risk
factors, but the western dietary pattern was associated with most of these, while
the traditional diet showed fewer such associations. Therefore, it might be useful
to promote healthy and traditional dietary patterns along with physical activity.
Interventions related to the current findings, if initiated early in life, may benefit
the public in preventing cardiovascular risk factors such as obesity, hypertension,
and type 2-diabetes.
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dietary patterns, coexistence, cardiovascular disease risk factors, Wolaita, southern

Ethiopia

Introduction

The global average for dietary quality is low with the
Alternative Healthy Eating Index (AHEI) ranging from 0 to 100,
where 100 represent the healthiest diet. Among children and adults
in 2018, the mean global AHEI was 40.3. The diet quality has
increased from 1990 to 2018 in most parts of the world, but not in
Sub-Saharan Africa (SSA). This clearly indicates the need of more
focus on dietary issues in countries in SSA (1). Diet is an important
modifiable risk factor associated with non-communicable diseases
(2). Individual nutrients and foods, however, cannot be considered
in isolation due to the complex interactions among nutrients (3, 4).
Dietary pattern is an essential factor for the health of individuals
and populations, which is also a key factor in the pattern of energy
and nutrient intake (5). Changes in dietary patterns are not limited
to the satisfaction of basal physiologic needs, but also are affected
by social and cultural factors, including eating behavior (6). The
discrepancy in increased energy intake and reduced expenditure
results in energy imbalance, and when this is coupled with the
reduction in physical activity becomes the underlying cause of
overweight and obesity (7).

Dietary patterns that contain above the recommended quantity of
energy-dense food items had an association with an increased burden
of cardiovascular diseases (CVD) (2, 8). Globally, CVD remains the
leading cause of mortality among middle-aged adults, and in high-
income countries, it is the main cause of death next to cancer (8, 9).
The dietary patterns in high-income countries are characterized by a
high quantity of added sugars, fats, refined carbohydrates, and animal-
source foods, which are termed a western diet (5, 8, 10).

Low- and middle-income countries (LMICs) are not immune to
this problem. They are facing a double burden of diseases; and illnesses
resulting from both under and over-nutrition (10). The incidence of
non-communicable diseases such as cardiovascular diseases and
type-2 diabetes is increasing due to changing lifestyles, urbanization,
and increasing life expectancy (2, 11, 12). The dietary patterns in the
LMICs, especially those with emerging economies are changing from
the traditional dietary pattern with a high intake of fruits, vegetables,
cereals, tubers, and legumes to western diets characterized by a high
intake of energy-dense food items such as animal food products (13-
15). The consumption of calories from meat, sugar, and vegetable oils
increased significantly in developing countries between 1963 and
2003 (16).

Diets are determined by several factors, including individual and
environmental factors. Urbanization independently or in combination
with other factors is associated with changes in dietary patterns (17,
18). The urban food consumption pattern is generally more diversified;
contains more animal products and sugar (7, 17, 18). A systematic
review of data from forty countries in sub-Saharan Africa indicated
variation in the dietary patterns between rural and urban areas (19).
Factors including hypertension, blood cholesterol level, smoking, and

physical activity were also related to dietary patterns (2, 5, 20, 21).
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Ethiopia was frequently attacked by drought and famine during
the past decades (22, 23). The total population living under the
poverty line in 1994/95 was around 49.5%. However, after the
application of various poverty reduction measures, the level of poverty
in Ethiopia is decreasing (24). Succeeding economic growth in
Ethiopia, the rate of urbanization is progressively increasing (24-27).
Evidence indicates the coexistence of economic growth and
urbanization results in lifestyle changes including changes in dietary
patterns, which in turn may lead to increased obesity and nutrition-
related NCDs diseases. This community-based study is the first of its
kind in Ethiopia involving exploratory factor analysis to examine the
dietary patterns among the adult population in the urban and rural
areas of the study. Globally, the incidence of CVD is rising (2, 11, 12),
and information on the association of cardiovascular risk factors with
dietary patterns particularly in Ethiopia remains scant. Therefore, the
current study aimed to assess the dietary patterns and study their
association with cardiovascular risk factors among adult people in
urban and rural areas of Wolaita, southern Ethiopia. This information
might be useful for the promotion of healthy and traditional
dietary patterns.

Materials and methods
Setting

The study was carried out in Wolaita, southern Ethiopia from May
2018 to February 2019. Wolaita has experienced rapid urbanization in
the past 20 Years (28). We selected a town with the largest population
size undergoing rapid urbanization, and a rural district with a
relatively traditional lifestyle from Wolaita Zone.

Wolaita was one of the famine-affected and vulnerable areas in
Ethiopia during 1983-1986 (22, 23). The livelihood of the urban
population in Wolaita is based on employment, trade, or daily labor,
while the livelihood of the rural population is based on crop
production and animal husbandry (29). Access to food in rural areas
depends on subsistence farming and is influenced by farm size, rainfall
patterns, and crop production culture (29, 30).

Study design, participants, and sampling
technique

We conducted a community-based cross-sectional study. Two
thousand four hundred eighty-three people aged 25-64years
participated in the study, and all invited to the study participated,
except 3 people who were not available during three visits. The
residents of randomly selected households from urban and rural areas
were considered the study subjects. We selected the study participants
by employing a three-stage survey. First, the survey kebeles (villages)
were chosen randomly from a series of all registered kebeles in both
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study sites. Eleven out of 54 urban and ten out of 52 rural kebeles were
included in our study. Secondly, we used a random integer generator
to randomly choose households in the chosen kebeles from a list given
to us by the community health workers (31). The list also had the
names of the people living in each household. Thirdly, the number of
study participants was decided proportionately to the size of their
kebeles and households, and the participants were finally chosen from
the eligible household members using a lottery method.

Sample size

The sample size for this study was computed using Epi Info
version 7 StatCalc software. This project is a part of a larger study,
titled nutritional changes, and chronic diseases in Wolaita in southern
Ethiopia (32, 33), and the number of participants was 2,486. We also
considered assumptions from the study entitled prevalence of high
blood pressure, hyperglycemia, dyslipidemia, metabolic syndrome
and their determinants in Ethiopia: evidence from the national NCDs
STEPS survey, 2015 to compute the sample size in one of the studies
in our project (34). Accordingly, with a 14.9% prevalence of
hypertension in rural, 19.7% prevalence of hypertension in urban,
95% confidence level, 80% power, one for the ratio of unexposed and
exposed groups, and 10% non-response rate the total sample size
became 2,233. In this study, since we aimed at assessing the dietary
patterns, and their association with cardiovascular risk factors
considering residence as the main exposure variable, we have
computed posthoc power for the mean difference using OpenEpi
version 3.03 software with 95% CI. Accordingly, the sample size to
assess the dietary patterns (western, traditional, and healthy), and their
association with cardiovascular risk factors taking residence as a
primary exposure variable was adequate with the power of the
study >90%.

Data collection procedure and techniques

A total of 2,483 adult household members randomly selected for
the survey were interviewed by trained data collectors, using a
structured questionnaire about the socio-demographics such as age,
education, wealth, diet, and other lifestyle factors. Additionally,
we measured the anthropometric, blood pressure, and biomedical
parameters of the study participants. The data collection process was
undertaken within the participants’ homes, and people in the study
obtained information about the data collection such as dates and
overnight fasting from the supervisor and coordinator of the data
collection before the data were collected. The blood samples were
collected in the morning before eating breakfast.

The questionnaire was first designed in English and then
translated into Amharic and Wolaitato. For validation, a re-translation
was conducted by another expert. We provided training for the data
collection team including nurses, laboratory technologists, field
supervisor, coordinator, and data clerks for one week. The training
consisted purpose of the survey, ethical conduct, and data collection
techniques such as 24-h dietary recall assessment, interviewing skills,
calibration of data collection instruments, and anthropometry.
Following this, we conducted a pretest on 5% of our sample size
among the population which was not selected for the survey.

Frontiers in Nutrition

10.3389/fnut.2023.1074296

Subsequently, the inputs obtained from the pretest were incorporated
into our data collection tool.

We adapted a quantitative 24-h dietary recall technique to serve
as the data collection instrument for the previous day’s 24-h dietary
intake assessment (35). To measure the dietary intakes at a population
level, we employed single-day dietary histories on different individuals,
the study population was selected randomly and all the days of the
week were represented in the sample, and this was in line with the
recommendation given by the principles of nutritional assessment
(36). Since the previous day’s history is a recent memory, the
interviewers asked the study participants to tell all the foods and
beverages they consumed with their specific information such as
preparation. We interviewed the participants by probing them recall
all foods and beverages consumed during the previous day (from
sunrise to sunrise) before the survey. The study participants were
requested to provide specific information on foods and drinks
including their product names and preparation techniques.
We prepared a finite list of foods and beverages such as cereals, pulses,
dairy products, vegetables, fruits, tubers, roots, meat and meat
products, poultry, fish, egg, fats and oils, sugars, salt, coffee, and tea
that helped to recall the previous day food and beverage consumption,
and ticked off the mentioned items. In the end, the interview was
finalized with the study participants confirming that all the foods and
beverages they consumed during the previous day had
been mentioned.

A participant’s physical activity was assessed by asking about
activities during work, for instance carrying or lifting heavy loads. In
addition, they were asked about their travel to and from places; e.g.
walking and bicycling, and they were also asked about sports, fitness,
and recreational activities (e.g., running, football, swimming). The
activities were categorized as time spent on moderate-intensity and
vigorous-intensity activities. The metabolic equivalent (MET) was
calculated as each activity had a predefined value. MET-minutes/week
of the specific activity was the product of the number of days in a week
used to accomplish a given activity, the average time spent in minutes
in a day, and the corresponding MET value. The overall MET-minutes/
week was computed by summing the MET-minutes/week value of
each activity (37, 38).

We also asked four questions about smoking habits (do
you currently smoke any tobacco products; do you currently smoke
tobacco products daily; do you currently use smokeless tobacco; do
you currently use smokeless tobacco products daily).

A person’s BMI is computed by dividing weight in kg by height in
m?. We quantified weight to the closest 0.1kg by employing a mobile
digital weighing scale (Seca electronic scale). We used a movable
stadiometer comprising a suitable triangular headboard to quantify
height (Seca stadiometer). The participants’ weight and height were
measured while they stood straight, held their heads upright, and wore
light clothing and shoes. During the height measurement, the external
auditory of the ear and the bottom border of the eye were aligned in a
single horizontal plane. In addition, the heels, shoulder blades, and
buttocks touched the scale as the knees of the legs stayed together.
Along with it, the arms were kept side by side. The participants’
heights were finally measured to the nearest 0.1 cm.

We measured blood pressure using a digital sphygmomanometer
(Riester richampion®N, Germany). The participant’s blood pressure
was taken three times following ten minutes of rest with the right
upper arm positioned at the level of the heart. Systolic and diastolic
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blood pressures were determined by taking the average of the last
two readings.

We took whole venous blood samples from each participant in the
morning at their homes following an overnight fast. We collected
blood of
ethylenediaminetetraacetic acid, after cleaning the skin with a 70%

samples in  vacutainer tubes  consisting
alcohol swab. Then, the blood samples were kept in an icebox and
transported to Wolaita Sodo University Hospital for analysis. Analysis
of the blood samples was accomplished within twelve hours duration
after acquisition. We used a BS-200 chemistry analyzer to investigate
lipid profiles. Assessment of blood glucose (BG) was performed using

a glucose meter (SensoCard®) at the site of blood sample collection.

Operational definitions and categories for
the analyses

The dietary patterns in our study were named after the food items
or groups with the highest loadings in factor analysis, and related
literature (2, 15, 39, 40). The Western dietary pattern consisted of meat/
organ meat, biscuits/sweets, chicken stew, pasta-macaroni recipes,
butter, white wheat bread, egg recipe, and shiro-wet food items or
groups. Shiro-wet is an Ethiopian traditional dish mainly prepared using
a mixture of the following ingredients: chickpea flour, red pepper flour,
tomatoes, onions, garlic, oil, and sometimes butter. A traditional dietary
pattern was characterized by the consumption of tubers, whole-grain
maize products, coffee leaves-and-herbs beverage, legumes, and sweet
potatoes. The food items or groups categorized under the traditional
dietary pattern are culturally popular in the rural part of the study areas.
In this study, green leafy vegetables, green peppers, and whole-grain
maize products made up the healthy dietary pattern and were found in
the urban area along with the food items or groups found in the western
dietary pattern. Hyperglycemia was defined as having a blood glucose
level > 7.0 mmol/], and/or self-reported use of medication for diabetes
(41). A participant with total cholesterol (TC) level > 5.2 mmol/L was
categorized as having raised TC (42). A blood triglyceride (TG)
level > 1.7 mmol/l was defined as an elevated TG level (42). Hypertension
was characterized by having a systolic blood pressure > 140 mmHg,
diastolic blood pressure>90mmHg, and/or using medication for
lowering the blood pressure (43). A body mass index (BMI) of 30 kg/m*
or greater indicates obesity (44). Having a level of physical activity <600
MET minutes per week was considered physically inactive (37, 38). Age
was categorized into four using 10-year groups based on the WHO
STEPS recommendation (37).

Assessment of dietary patterns

Generally, dietary patterns are identified by using foods or
nutrients, or a combination of both, and foods or food groups are
often used as nutrients are composite food scores (45). Since the aim
of this study was the identification of dietary patterns and associated
cardiovascular factors, we used the previous day’s 24-h dietary intake
to assess the dietary patterns. The dietary patterns were determined
using factor analysis based on the intake of 24 food items or groups
(45, 46). Some of the food items were categorized into groups
depending on their similarities such as legumes, tubers, green leafy
vegetables, and pasta and macaroni. Food items or groups with factor
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loadings >0.3 or <—0.3 were considered as significantly contributing
to the pattern. The number of factors that were retained in the analysis
was determined based on the eigenvalue> 1.0, evaluation of the scree
plot, and the plausibility of the factors. We used orthogonal
transformation (varimax rotation) to identify uncorrelated factors and
facilitate interpretability. Therefore, factor analysis and subsequent
varimax rotation were used to determine the dietary patterns.
Positively loaded food items or groups contributed to a given
dietary pattern, whereas negatively loaded foods have an opposite
relation with a particular dietary pattern. A high factor score
demonstrates a high intake of foods comprising a particular food
pattern, whereas low scores demonstrate a low intake. Dietary patterns
were named after the food items or groups with the highest loadings
of those dietary patterns. Factor scores for each dietary pattern and
participant were estimated by summing the consumption of each food
item or group weighted by their factor loadings. Subsequently, the
tertiles of the dietary patterns scores were generated by classifying the
scores into three categories: first tertile (lowest), second tertile, and
third tertile (highest) to show the frequencies in relation to other
variables in the descriptive tables. The association of dietary patterns
with CVD risk factors was analyzed using bivariate and multiple linear
regressions, and cross-tabulation was used for descriptive analysis.

Data entry and analysis

Data entry was accomplished using Epi-Data version 3.1 and
excel-template, and exported to the STATA 15 software for analysis.
We have performed residence-specific principal component analysis
to build the wealth index, using 40 variables for rural and 28 variables
for urban areas. Detailed information on wealth index construction
was reported in a previous publication from the project, and in this
study, it was categorized as poor, medium, and rich (33).

The prevalence and frequencies of tertiles of dietary patterns were
calculated. The outcome variables were dietary patterns that were
identified using factor analysis. The covariates used in this analysis
include residence, education, physical activity, obesity, hypertension,
hyperglycemia, total cholesterol, and triglyceride levels. The
associations between covariates and dietary patterns were assessed
using bivariable and multivariable linear regression models building
a separate model for each of the identified dietary patterns. The data
analysis was started after declaring the data set as a three-stage cluster
survey to account for the effect of clustering on the estimated standard
errors. The assumption of normality of the continuous variables was
checked objectively using sktest (skewness-kurtosis test) and
subjectively using histograms. Based upon this the natural logarithmic
transformation was made for the outcome variables to satisfy the
assumption. The result demonstrated the normal distribution of the
residuals. Variables with the p values <0.2 in the bivariable analysis
were considered a candidate for multiple linear regression analysis.
The adjusted regression coefficient with its 95% CI is presented, and
the absence of 0 within the 95% CI declared the presence of association.

Ethical considerations

This study was approved by both the Institutional Review Board
at Hawassa University in Ethiopia (IRB/005/10) and the Regional
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Committee for Medical Research Ethics Northern Norway, REK
North (2017/2248/REK nord). The study subjects provided written
informed consent following the introduction of the purpose of the
study. Individuals in the study remained anonymous, except those
having hyperglycemia, hypertension, or other serious ailments that
were referred to the closest health facility.

Results

Socio-demographic characteristics of the
participants

A total of 2,483 adults participated in the study of 2,486 invited
people. The number of male people involved in the study was 1,313
(52.9%). There was a relatively equal level of participation between
urban (50.1%) and rural (49.9%) study areas. Of the total study
participants 1,085 (43.7%), 674 (27.1%), 441 (17.8%), and 283 (11.1%)
were aged between 25-34, 35-44, 45-54, and 55-64 years, respectively.
Concerning the educational level of the study participants: 1410
(56.8%) had a primary level of education or below, 397 (16.0%) had
high school, and 676 (27.2%) had college or education above this level.
Calculating the wealth index analysis, we have found 784 (31.6%) poor
participants, 793 (31.9%) medium level, and 906 (36.5%) rich.

Of the total study participants, 47.2% (1172) had a physical
activity status of >600 MET minutes per week. One hundred nine
(4.4%) of the overall study participants were obese. The prevalence of
hypertension was 32.9% (818), while hyperglycemia was 4.4% (110).
detected in 5.7% (142),
hypertriglyceridemia in 15.8% (393) of the study participants.

Hypercholesterolemia  was and

Eighteen (0.7%) people were reported to be daily smokers.

Dietary patterns

Three dietary patterns were distinguished, describing 51% of the
total variance in food consumption using factor analysis. The dietary
patterns with their rotated factor loadings are illustrated in Table 1.
The first pattern comprised animal-source foods with added sugars
and refined carbohydrates that resemble the western type dietary
pattern. This pattern explained 21.5% of the total variance in food
intake. Food items or groups with the highest factor loadings such as
meat/organ meat, and biscuits/sweets positively contributed to the
western dietary pattern, whereas whole grain maize products had a
negative contribution. The second pattern demonstrated a high intake
of plant-based food sources that matches a traditional dietary pattern
explaining 18.1% of the total variance. This pattern consists of tubers
having the highest positive factor loading. The third pattern was
termed the healthy dietary pattern which explained 11.4% of the total
variance and featured the consumption of green vegetables and whole-
grain maize products (See Table 1).

Description of dietary patterns scores and
CVD risk factors

Participants with the highest tertile of the western and healthy
dietary patterns tended to reside in the urban study area, while those
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TABLE 1 Dietary patterns found in factor analysis, with their rotated
factor loadings in an Ethiopian population (n=2,483).

Food Dietary patterns

gﬁ;ﬁ)/s Western  Traditional = Healthy

Meat/ organ 0.8014 —0.0827 —0.1815 0.3179
meat

Biscuits/ sweets 0.7479 0.0347 0.0086 0.4393
Chicken stew 0.7287 0.0084 0.0220 0.4684
Pasta/ macaroni 0.6327 —0.2366 —0.1959 0.5054
recipe

Butter 0.6235 —0.4004 —0.3489 0.3292
White wheat 0.6106 ~0.3523 —0.2858 0.4214
bread

Egg/ egg recipe 0.5742 —0.0298 —0.0103 0.6693
Shiro-wet 0.4199 —0.6664 —0.0985 0.3699
Whole grain —0.4290 0.5735 0.3546 0.3613
maize products

Coffee beverage 0.1005 —0.1015 —0.5522 0.6747
Green leafy —0.1956 —0.0890 0.7690 0.3625
vegetables

Green pepper —0.1115 0.0885 0.6705 0.5302
Tubers —0.1021 0.7064 0.0648 0.4864
Legumes —0.0290 0.5340 0.2611 0.6458
Sweet potato —0.0084 0.5028 0.0635 0.7431
Teff injera —0.0063 —0.7722 0.2832 0.3234
Coffee leaves- —0.0003 0.5509 0.1407 0.6767
herb beverage

H? Communality; Shiro-wet: Ethiopian dish mainly prepared using a mixture of the
following ingredients: chickpea flour, red pepper flour, tomatoes, onions, garlic, oil, and
sometimes butter.

with the highest tertile of traditional dietary pattern resided in the
rural area. We observed a higher level of physical activity among
participants with the highest tertiles of the traditional dietary pattern
and those who lived in rural areas. A higher occurrence of obesity was
observed among participants with the upper tertile of the western and
the second but not the third tertile of the traditional dietary pattern,
while obesity was lower among participants with the upper tertile of
both traditional and healthy dietary patterns. Hypertension increased
among the adult people with the highest tertiles of the western dietary
pattern and decreased among people with the highest tertiles of the
traditional and healthy dietary patterns. Similarly, people in the highest
tertiles of the western dietary pattern had an increased level of
hyperglycemia and elevated total cholesterol levels. We found no
difference in smoking rates across the increasing tertiles of dietary
patterns (Table 2).

Cardiovascular factors and association with
dietary patterns

The study participants having obesity were positively associated
with western [f=1.2; 95% CI: 0.9-1.5], and traditional [$=1.1;95% CI:
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TABLE 2 Socio-demographic, behavioral, and biochemical characteristics across tertiles of the three dietary patterns scores identified among adults in
Wolaita, southern Ethiopia.

Variables Dietary patterns
=t Western Traditional Healthy

T2 T2 T2
Age (year) n (%) (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)
25-34 365 (33.6) 404 (37.2) 316 (29.1) 372 (34.3) 321 (29.6) 392 (36.1) 310 (28.6) 360 (33.2) 415 (38.3)
35-44 239 (35.5) 219 (32.5) 216 (32.1) 184 (27.3) 202 (30.0) 288 (42.7) 229 (34.0) 240 (35.6) 205 (30.4)
45-54 125 (28.3) 118 (26.8) 198 (44.9) 133 (30.2) 150 (34.0) 158 (35.8) 175 (39.7) 141 (32.0) 125 (28.3)
55-64 95 (33.6) 82(29.0) 106 (37.5) 76 (26.9) 103 (36.4) 104 (36.8) 112 (39.6) 85 (30.0) 86 (30.4)
Gender
Female 366 (31.3) 386 (33.0) 418 (35.7) 390 (33.3) 358 (30.6) 422 (36.1) 364 (31.1) 403 (34.4) 403 (34.4)
Male 458 (34.9) 437 (33.3) 418 (31.8) 375 (28.6) 418 (31.8) 520 (39.6) 462 (35.2) 423 (32.2) 428 (32.6)
Gender
Rural 560 (45.2) 393 (31.7) 287 (23.2) 26 (2.1) 312 (25.2) 902 (72.7) 445 (35.9) 462 (37.3) 333 (26.9)
Urban 264 (21.2) 430 (34.6) 549 (44.2) 739 (59.5) 464 (37.3) 40 (3.2) 381 (30.7) 364 (29.3) 498 (40.1)
Residence
< Primary 545 (38.7) 461 (32.7) 404 (28.7) 225 (16.0) 414 (29.4) 771 (54.7) 479 (34.0) 478 (33.9) 453 (32.1)
High school 116 (29.2) 141 (35.5) 140 (35.3) 139 (35.0) 147 (37.0) 111 (28.0) 119 (30.0) 140 (35.3) 138 (34.8)
College+ 163 (24.1) 221 (32.7) 292 (43.2) 401 (59.3) 215 (31.8) 60 (8.9) 228 (33.7) 208 (30.8) 240 (35.5)

Wealth index

Poor 273 (34.8) 258 (32.9) 253 (32.3) 235 (30.0) 258 (32.9) 291 (37.1) 281 (35.8) 252 (32.1) 251 (32.0)
Medium 263 (33.2) 248 (31.3) 282 (35.6) 222 (28.0) 251(31.7) 320 (40.4) 272 (34.3) 245 (30.9) 276 (34.8)
Rich 288 (31.8) 317 (35.0) 301 (33.2) 308 (34.0) 267 (29.5) 331 (36.5) 273 (30.1) 329 (36.3) 304 (33.6)
Physical activity

No 436 (33.3) 393 (30.0) 482 (36.8) 573 (43.7) 476 (36.3) 262 (20.0) 490 (37.4) 385(29.4) 436 (33.3)
Yes 388 (33.1) 430 (36.7) 354(30.2) 192 (16.4) 300 (25.6) 680 (58.0) 336 (28.7) 441 (37.6) 395 (33.7)
Smoking

No 817 (33.1) 818 (33.2) 830 (33.7) 764 (31.0) 767 (31.1) 934 (37.9) 820 (33.3) 818 (33.2) 827 (33.6)
Yes 7 (38.9) 5(27.8) 6(33.3) 1(5.6) 9 (50.0) 8 (44.4) 6(33.3) 8 (44.4) 4(22.2)
Obesity

No 824 (37.4) 816 (34.4) 734 (30.9) 737 (31.0) 720 (30.3) 917 (38.6) 778 (32.8) 772 (32.5) 824 (34.7)
Yes 0(0) 7 (6.4) 102 (93.4) 28 (25.7) 56 (51.4) 25(22.9) 48 (44.0) 54 (49.5) 7 (6.4)
Hypertension

No 548 (32.9) 697 (41.9) 420 (25.2) 498 (29.9) 403 (24.2) 764 (45.9) 301 (18.1) 576 (34.6) 788 (47.3)
Yes 276 (33.7) 126 (15.4) 416 (50.9) 267 (32.6) 373 (45.6) 178 (21.8) 525 (64.2) 250 (30.6) 43 (5.3)
Hyperglycemia

No 795 (33.5) 819 (34.5) 759 (32.0) 743 (31.3) 709 (29.9) 921 (38.8) 783 (33.0) 773 (32.6) 817 (34.4)
Yes 29 (26.4) 4(3.6) 77 (70.0) 22(20.0) 67 (60.9) 21(19.1) 43 (39.10) 53 (48.2) 14 (12.7)
TC

Low 794 (33.9) 794 (33.9) 753 (32.2) 723 (30.9) 700 (29.9) 918 (39.2) 748 (32.0) 783 (33.5) 810 (34.6)
High 30 (21.1) 29 (20.4) 83 (58.5) 42 (29.6) 76 (53.5) 24 (16.9) 78 (54.9) 43 (30.3) 21 (14.8)
TG

Low 699 (33.4) 725 (35.0) 666 (31.9) 651 (31.2) 605 (29.0) 834 (39.9) 651 (31.2) 685 (32.8) 754 (36.1)
High 125 (31.8) 98 (24.9) 170 (43.3) 114 (29.0) 171 (43.5) 108 (27.5) 175 (44.5) 141 (35.9) 77 (19.6)

T1: Tertile 1; T2: Tertile 2; T3: Tertile 3.
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0.5-1.6] dietary patterns; while they were inversely associated with the
healthy dietary pattern [f=—0.48; 95% CI: —0.94, —0.02]. Similarly,
participants who developed hypertension were positively associated
with the western dietary pattern [f=1.0; 95% CI: 0.7-1.3], as they were
negatively associated with the traditional [f=—1.2;95% CI: —1.4, —0.9],
and healthy [f=-0.7; 95% CI: —0.9, —0.4] dietary patterns. Being a
resident in the urban area was positively related to the western dietary
pattern [=0.6; 95% CI: 0.3-0.8]. Urban residence was also positively
associated with the healthy dietary pattern [=0.8; 95% CI: 0.5-1.0].
Meanwhile, urban residence had an inverse relationship with the
traditional dietary pattern [f=—0.9; 95% CI: —1.6, —0.2]. We found a
positive linear association between the traditional dietary pattern and
physical activity [#=0.4; 95% CI: 0.2-0.6]. Moreover, there was an
increasing linear association between blood glucose levels and the
western dietary pattern [=0.15; 95% CI: 0.11-0.18]. We also observed
an increased western dietary pattern with the increasing total cholesterol
level [#=0.15; 95% CI: 0.07-0.23], after adjusting for the other factors
in the model (See Table 3; Figures 1 A-C).

As only 18 people were smoking, this variable was not included in
the main analyses shown in Table 3. However, an analysis including
this variable was performed, but this did not influence the results (data
not shown).

Discussion

This community-based study is the first of its kind in Ethiopia
involving exploratory factor analysis to examine the dietary patterns
among the adult population. The study mainly identified the intake of
three dietary patterns. The first dietary pattern was western which is
characterized by the consumption of meat/organ meat, biscuits/
sweets, chicken stew, pasta-macaroni recipes, butter, white wheat
bread, egg recipe, and shiro-wet. Urban residence, obesity,
hypertension, blood glucose, and total cholesterol levels were
positively associated with the western dietary pattern. Adherence to
the consumption of tubers, whole-grain maize products, coffee leaves-
and-herbs beverage, legumes, and sweet potatoes featured the
traditional dietary pattern. It showed a positive relationship with rural
residence, physical activity, and obesity, while it had a negative
relationship with hypertension. The healthy dietary pattern was
characterized by the intake of green leafy vegetables, green pepper,
and whole-grain maize products, and negatively related to urban
residence, obesity, and hypertension.

In this study, we found a more significant association of the
western, and healthy dietary patterns with the urban part of the
population, compared to the rural population after controlling
for potential confounders. The observed relationship between the
western dietary pattern and the urban environment is in
agreement with the findings reported elsewhere in the LMICs
(20, 39, 47). This might be due to lifestyle changes related to the
rapidly growing urbanization in Wolaita (20, 48). However, this
study also indicated the presence of a healthy dietary pattern in
the urban environment. This might indicate the emergence of
transition to new diets in the study area. Furthermore, some
individuals might have the awareness of the importance of
healthy dietary choices. In contrast, we recorded a significant
relationship between the traditional dietary pattern and the rural
populations. This is consistent with the findings of other studies
(20, 49). This might be the reason that traditional dishes are
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commonly consumed by the rural population. Further, adherence
to the traditional dietary pattern was associated with physical
activity. This is consistent with the finding reported elsewhere in
West Africa (49). In rural areas, moderate or vigorous activities
like farming may account for the observed relationship.

Consumption of western and traditional dietary patterns was
associated with obesity. The finding regarding the relationship
between western dietary pattern and obesity was supported by
various studies (2, 13, 47). Compliance with the western diet is
associated with higher energy intake, which accounts for weight
gain and increased risk of obesity (50, 51). With a further look at
the positive association between the traditional dietary pattern
and obesity, we noted that the proportion of obesity was not
higher for the third tertile (23%), but it was for the second tertile
(51%), both compared to the first tertile (26%) showing this
association was not straight forward. This might also be due to
the limitation of a single 24-h dietary intake assessment not
representing a long-term dietary habit, even though population-
level usual dietary intake can be measured using a single-day
dietary assessment provided that the study participants were
selected randomly, and all days of the week are represented in the
sample (36). But there exists some evidence from Asian countries
that indicate a positive relationship between traditional dietary
pattern and obesity (52-54). However, we suggest further
investigation to ascertain this relationship in the context of the
study area. Meanwhile, a healthy dietary pattern appears to
be inversely associated with obesity, which is supported by the
findings of other studies (13, 55).

Hypertension was positively associated with the western dietary
pattern (2), as it was negatively associated with the traditional and
healthy dietary patterns (21, 56). There has been little understanding
of the mechanisms involved. However, the mechanisms linked to the
etiology of arterial hypertension brought on by the western diet are
complex, and include several factors. High salt intake is one of the
best-known risk factors for hypertension (57), but a number of
different antioxidants are also associated with the development of
hypertension (58). There was a positive linear association between
blood glucose levels and a western dietary pattern. Similar findings
were reported elsewhere (2, 15, 52). As a pro-inflammatory diet, the
western diet can trigger inflammatory markers and cytokines and
increase oxidative stress, which in combination lead to cell and DNA
damage, reducing insulin receptors, and lowering insulin production
(59). Similarly, total cholesterol levels increased with adherence to the
western dietary pattern. Increases in plasma cholesterol may occur if
the sources of cholesterol are consumed along with saturated and trans
fats, as is the case with the western dietary pattern (60). Other
community-based studies have also revealed similar results (2, 61, 62).
Unlike Western dietary pattern, cardio-metabolic risk factors such as
total cholesterol, triglyceride, and blood glucose levels were not
associated with traditional and healthy dietary patterns. This is
supported by the findings from other studies (63-66). The mechanisms
by which traditional and healthy dietary patterns are linked to cardio-
metabolic risk factors are not fully understood. However, the absence
of association may be due to the high fiber and low glycemic load of
plant-based food items such as whole grains, legumes, and vegetables
in traditional and healthy dietary patterns (67). The population had
very few smokers, and this factor is very unlikely to have influenced
the results. This is not the situation in most other studies, and this
makes the present study quite unique.
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TABLE 3 Multivariable log-linear regression analysis of socio-demographic, behavioral, and biochemical factors with dietary patterns among adults in
Wolaita, southern Ethiopia.

Variables Dietary patterns
i = Western Traditional Healthy
Crude p Adjusted p Crude Adjusted p Crude p Adjusted p
(95% Cl) (95% CI) (95% ClI) (95% CI) (95% CI) (95% Cl)
Age (year) 0.03 (0.01, 0.04) 0.01 (—0.001, 0.02) 0.007 (—0.013, 0.001) 0.002 (—0.003, 0.01) 0.002 (—0.005, 0.01) 0.004 (—0.001, 0.01)
Gender
Female 0 0 0 0 0 0
Male —0.1(=0.4,0.2) ~0.1(-0.3,0.2) —0.07 (=0.26,0.12) —0.1(=0.3, 0.04) 0.15 (~0.02, 0.32) 0.13 (=0.03, 0.29)
Residence
Rural 0 0 0 0 0 0
Urban 1.6 (1.4,1.8) 0.6 (0.3,0.9) —1.31 (—1.58, —1.03) —0.9 (-1.6,-0.3) 0.59 (0.42, 0.75) 0.8 (0.5, 1.0)
Education
< Primary 0 0 0 0 0 0
High school 0.7 (0.4, 1.1) 0.2 (0.2, 0.6) —0.23 (—0.51, 0.06) —0.1(-0.2,0.1) 0.24 (0.09, 0.39) 0.02 (—0.16, 0.20)
College+ 0.8 (0.4,1.2) 0.1 (-0.1,0.3) —0.65 (—1.13, —0.16) 0.02 (-0.16, 0.21) 0.30 (0.05, 0.55) —0.1(-0.3,0.1)
Wealth index
Poor 0 0 0 0 0 0
Medium 0.1(-0.2,0.4) —0.01 (-0.2,0.2) 0.03 (—0.16, 0.21) 0.01 (—0.12, 0.13) 0.05 (—0.15, 0.25) 0.1(-0.1,0.3)
Rich 0.3 (=0.1,0.7) 0.2 (—0.05, 0.4) 0.04 (—0.16, 0.24) 0.1(~0.1,0.2) —0.0004 (—0.24,0.23) = —0.01 (=0.20, 0.19)
Physical activity
No 0 0 0 0 0 0
Yes —0.8 (-1.1, -0.4) —0.03 (—=0.3,0.2) 0.6 (0.3,0.8) 0.4 (0.2,0.6) —0.24 (—0.35, —0.14) 0.1(-0.1,0.2)
Obesity
No 0 0 0 0 0 0
Yes 1.5(1.2,1.9) 1.2 (0.9, 1.5) —0.6 (—0.9, —-0.4) 1.1 (0.5, 1.6) —0.54 (—0.82, —0.25) —0.5 (—0.9, —0.02)
Hypertension
No 0 0 0 0 0 0
Yes 1.4 (1.1,1.8) 1.02 (0.7, 1.3) -13(-1.5-1.2) -1.2(-1.4,-0.9) —0.58 (—0.84, —0.32) —-0.7 (1.0, —0.5)
BG (mmol/L) 0.23 (0.19, 0.26) 0.15(0.12, 0.18) —0.07 (—0.11, —0.04) 0.03 (—0.06, 0.12) —0.04 (—0.08, 0.002) —0.003 (=0.05, 0.04)
TC (mmol/L) 0.3(0.2,0.5) 0.15(0.07, 0.23) —0.22 (-0.31, 0.12) —0.03 (—0.12, 0.06) —0.04 (—0.12, 0.04) —0.08 (—0.16, 0.001)
TG (mmol/L) 0.5(0.2,0.7) 0.12 (—0.03, 0.27) —0.34 (—0.50, —0.18) —0.15 (-0.32,0.01) —0.07 (—=0.19, 0.06) —0.03 (—0.16, 0.09)

B, Beta coefficient; BG, Blood glucose; TC, Total cholesterol; TG, Triglyceride.

The findings of this study may have public health significance
through promotion of healthy and traditional dietary patterns
along with physical activity. Interventions related to the findings,
if initiated early in life, may benefit the public in preventing
cardiovascular risk factors such as obesity, hypertension, and
type-2 diabetes (68-72). Furthermore, this study has policy
implications in terms of the importance of focusing on nutrition-
related non-communicable diseases and provides latest data on
dietary patterns for policies related to nutrition.

Strengths and limitations
The design of the present study was cross-sectional. A cross-

sectional study with a 24-h dietary intake assessment is a single-day
experience and does not guarantee the understanding of the usual
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dietary pattern, and lacks temporal relations. The causality between
the diets and the risk factors cannot be interpreted, but still, findings
from this study bring forward new information that might be useful
in the understanding of diet and other factors.

The response rate in this study was very high, as 2,483 people
participated, out of a population of 2,486. The reason for the high
response is likely to be the provision of information including the
objective of the study and schedules before the data collection, and
repeated visits to the homes in their absence.

Interviews were used for obtaining information from the participants.
This is a feasible method in a population where some individuals might
be illiterate and others are not used to writing at all. Also, many do not
have much knowledge about nutrition and health (73).

Information was obtained for all interviewed individuals using a 24-h
recall method and this has been used in low-income settings for many
years. The method has been debated whether it can serve as a substitute
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numerical values of the coefficients along with their crude estimates were depicted in Table 3.

for the weighted food records to assess the absolute nutrient intake (74,
75). Nevertheless, in this study, the amount of food and type of nutrient
intake was not required as we aimed at identifying the dietary patterns.

It is very difficult to register food consumption in a population.
Recall bias might be present, and the answers received in the present
study might not be accurate. Another method that could have been
used is weighted records. However, this requires more resources, and
may also have uncertainties due to the workload put on the people
who must weigh their food and record it.

Smoking is one of the major modifiable CVD risk factors.
However, in our study, we did not investigate the relationship between
smoking and dietary patterns because of the smaller number of
smoking participants.

There might be misclassifications in our study related to the blood
glucose and lipid profile. Although the study participants were told to
have been fasting before the blood test, we cannot be confident that
this was the situation for everyone. We tried to reduce this weakness
of the study by giving the participants the required information before
the examination day.

The study had several research assistants and which may
increase inter-observer bias, and to minimize this, all were trained
together and a common understanding of the tools was assured as
much as possible.

The findings of this study might be valid for Ethiopian populations.
However, dietary issues might not be similar in other cultures and
countries, and the results may not be generalized outside of the country.

For even more certain conclusions, future studies should have a
longitudinal design with repeated measurements of the diet. It would
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also be of interest to study the presence of cardiovascular diseases in
a longitudinal setting, but this must be done with caution due to the
ethical considerations needed.

Conclusion

The coexistence of western, traditional, and healthy dietary patterns
in the present study may indicate the transition to a new dietary pattern
among people in the study area. All dietary patterns were associated
with one or more cardiovascular risk factors, but the western dietary
pattern was associated with most of these. The traditional diet showed
fewer such associations. Therefore, it might be useful to promote healthy
and traditional dietary patterns along with physical activity.
Interventions related to the current findings, if initiated early in life, may
benefit the public in preventing cardiovascular risk factors such as
obesity, hypertension, and type 2-diabetes. Furthermore, this study may
have policy implications in terms of the importance of focusing on
nutrition-related non-communicable diseases, and provides recent data
on dietary patterns for policies related to nutrition. Hence, this
information should be disseminated and discussed both at local and
national levels in Ethiopia.
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Background: The effect of vitamin K is associated with several pathological
processes in fatty liver. However, the association between vitamin K levels and
metabolic dysfunction-associated fatty liver disease (MAFLD) remains unclear.

Objective: Here, we investigated the relationship between vitamin K intake and
MAFLD risk by employing the American National Health and Nutrition Examination
Surveys (NHANES) including 3,571 participants.

Methods: MAFLD was defined as hepatic steatosis with one or more of the
following: overweight or obesity, type 2 diabetes, or>2 other metabolic risk
abnormalities. The total vitamin K was the sum of dietary and supplement dietary
intake. The relationship of between log;y(vitamin K) and MAFLD was investigated
using survey-weighted logistic regression and stratified analysis, with or without
dietary supplementation.

Results: The MAFLD population had a lower vitamin K intake than the non-MAFLD
population (p=0.024). Vitamin K levels were inversely associated with MAFLD in
the fully adjusted model (OR=0.488, 95% CI: 0.302-0.787, p=0.006). Consistent
results were seen in the group without dietary supplements (OR=0.373, 95% ClI:
0.186-0.751, p=0.009) but not in the group consuming dietary supplements
(OR=0.489, 95% ClI: 0.238-1.001, p=0.050).

Conclusion: Vitamin K intake may be a protective factor for MAFLD, especially
for individual not using dietary supplements. Nevertheless, more high-quality
prospective studies are needed to clarify the causal relationship between them.

vitamin K, metabolic dysfunction-associated fatty liver disease, dietary supplements,
NHANES, cross-sectional analysis
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1. Introduction

Fatty liver is a rapidly progressive chronic liver disease with an
estimated global prevalence of 24% (1) and approximately 1/3 of
adults in the United States have a fatty liver (2). Nonalcoholic fatty
liver disease (NAFLD) is the hepatic manifestation of metabolic
syndrome, a spectrum of diseases ranging from benign hepatic
steatosis to nonalcoholic steatohepatitis that may progress to
cirrhosis and liver cancer (3). In 2020, a classification of metabolic
dysfunction-associated fatty liver disease (MAFLD) was proposed
based on the diagnosis of hepatic steatosis, while incorporating
other markers of metabolic abnormalities such as insulin-resistance,
high-sensitivity reactive protein, and other metabolic risk factors for
pathological progression (4, 5). Ultrasound is a pragmatic and
widely accepted first-line examination that has good sensitivity
(85%) and specificity (95%) in identifying moderate and severe
steatosis. Since liver fibrosis may increase liver echogenicity, the
presence of underlying chronic liver disease reduces the accuracy of
liver fat assessment. To overcome the limitations of ultrasound in
assessing low hepatic steatosis levels, more advanced ultrasound
techniques have been developed. Controlled Attenuation Parameter
(CAP), available on the FibroScan system (Echosens, France),
measures the attenuation of the United States beam (6). CAP uses
ultrasound and vibration-controlled elastography to measure the
ultrasound attenuation degree due to liver fat (7). Meanwhile, owing
to the lack of effective therapeutics and efficient policies to evaluate
the prevalence of MAFLD, the economic burden of healthcare in the
United States is expected to increase. It is important to define
appropriate interventions and prevent serious complications
regarding MAFLD.

In recent years, studies have shown that the formation and
development of fatty liver are a combination of multiple factors that
ultimately lead to liver damage, including insulin resistance,
secretion, oxidative stress,

adipokines lipid peroxidation,

mitochondrial damage, endoplasmic reticulum stress, gut
microbiota, innate immunity, and genetic and epigenetic
mechanisms (8-10). On the other hand, vitamins are micronutrients
vital to health and they have previously been identified as new
potential targets for indirect therapy for MAFLD (11). Several
studies have linked liver disease to vitamin deficiencies, and vitamin
supplementation may protect liver tissue by reducing insulin
resistance, lipid peroxidation, and fatty acid synthesis, and improving
hepatic steatosis (12-14). Studies have shown that vitamin K
deficiency occurs in many pathological conditions (e.g., liver disease,
cholestasis, cystic fibrosis, alcoholism, malabsorptive states, and
bariatric surgical interventions) (15, 16), and that vitamin K
supplementation affects the immune system, anti-inflammation, gut

microbes and their metabolites, antioxidants and coagulation, and

Abbreviations: MFALD, Metabolic dysfunction-associated fatty liver disease; NAFLD,
Non-alcoholic fatty liver disease; NHANES, National Health and Nutrition
Examination Surveys; DGA, Dietary Guidelines for Americans; CDC, Centers for
Disease Control and Prevention; HEI, Healthy Eating index; CRP, C-reactive protein;
AST, Aspartate aminotransferase; ALT, Alanine aminotransferase; SE, Standard
error; BMI, body mass index; LSM, Liver stiffness measurements; DM, Diabetes
mellitus; TC, Cholesterol; TG, Triglycerides; LDL, Low-density lipoprotein; HDL,
High-density lipoprotein.
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epithelial development (17, 18). These effects are associated with
several pathological processes in fatty liver; therefore, vitamin K may
have a protective effect against the occurrence and progression
of MAFLD.

Little is known about the role of vitamin K in lipid metabolism.
Although one study described a positive association between
concentrations in adipose tissue (19), studies exploring the association
between vitamin K and MAFLD are lacking, and the association
between vitamin K and MAFLD remains unexplored. Therefore, in
the current study, we investigated the relationship between vitamin K
levels and the risk of MAFLD by employing the American National
Health and Nutrition Examination Surveys (NHANES).

2. Materials and methods
2.1. Data source and study sample

The data were collected by the United States Centers for Disease
Control and Prevention (CDC) using a stratified, multistage, and
probability-cluster design. The Ethics Review Board of the National
Center for Health Statistics approved the NHANES protocol and
informed consent was obtained from all participants (20). All data
can be freely downloaded from the NHANES website.'! NHANES
2017-2018 is the only publicly available survey database for liver
fibrosis assessment by FibroScan® and it has been used in studies of
MAFLD (21). The initial sample size was 9,254 people from 2017 to
2018. We excluded subjects younger than 20years old (n=3,685),
viral hepatitis (1 =50), pregnancy (n =54), the incomplete diagnostic
indicators for MAFLD (n=489), and missing a mean of two 24h
recall dietary data for vitamin K (n=1,040), body mass index (BMI,
n=>51), n=260),
aminotransferase (AST, n=13), C-reactive protein (CRP, n=12), and

alanine aminotransferase (ALT, aspartate

minutes sedentary activity (n=29). Finally, 3,571 participants were
this The details

Supplementary Figure S1.

included in study. are shown in

2.2. Dietary intake data and supplement
dietary intake date

Dietary intake data and dietary supplement intake were obtained
from two 24 h-recall interviews with NHANES. The first interview was
arranged face-to-face at the Mobile Examination Center (MEC) and
the second interview was conducted by telephone 3-10days later.
Energy and nutrient intake for each food or beverage were calculated
using the Food and Nutrient Database for Dietary Studies (FNDDS).
In this study, dietary intake and dietary supplement intake were
estimated using the mean of two 24-recall data points, and the total
energy and nutrients were the sum of the dietary intake and dietary
supplement intake. Another, study showed that was no significant
difference in the energy intake reported in the first and second
interviews (22), therefore, this was considered a good intake dataset
to determine the average dietary intake for each individual.

1 https://www.cdc.gov/nchs/nhanes/index.htm
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2.3. Diagnosis of MAFLD

MAFLD was defined as hepatic steatosis with one or more of the
following: (1) overweight or obesity (body mass index > 25kg/m?); (2)
type 2 diabetes; or (3) two or more other metabolic risk abnormalities:
(1) blood pressure >130/85mmHg or specific drug treatment; (2)
overweight or obesity (body mass index > 25kg/m?); (3) plasma high-
density lipoprotein-cholesterol < 40 mg/dL for men and <50 mg/dL for
women or specific drug treatment; (4) plasma triglycerides > 150 mg/
dL or specific drug; (5) homeostasis model assessment of insulin
resistance score > 2.5; (6) prediabetes (fasting glucose 100-125mg/dL
or hemoglobin Alc (HAlc) 5.7%-6.4%); and (7) plasma CPR
level >2mg/L (21).

Hepatic steatosis was defined by CAP, and the steatosis was
stratified as SO-S3. The thresholds of CAP for S1-S3 were 248, 268, and
280, respectively (6). Hepatic fibrosis was defined by liver stiffness
measurements, and the stiffness was stratified as F1-4, and the LSM
for F1-4 were 6.3, 8.3, 10.5, and 12.5, respectively (23). Significant
steatosis and stiffness were diagnosed as a grade greater than S1 and
F1. In this study, participants with a fasting time of <3 h, less than 10
complete LSM readings, or a liver stiffness interquartile (IQR) range/
median LSM of more than 30% were deemed to have failed FibroScan®
measurements and were excluded (21).

2.4. Other covariates

2.4.1. Demographic characteristics

Self-reported demographic variables included age (years), sex
other
non-Hispanic white, non-Hispanic black, non-Hispanic Asian, or

(men/women), race (Mexican American, Hispanic,
other races, including multiracial), and educational level (<11th grade,
high school graduate, some college education, college graduate,

or above).

2.4.2. Body measurement

Trained health technicians obtained various body measurements
including height, and weight at the MEC. BMI was calculated using
weight and height information. The formula used is as follows:

kg . .
B}\/[][mzj = weight (kg )+ height® (m)

2.4.3. Biochemical indicators

Serum samples were processed, stored, and shipped to the
University of Minnesota Advanced Research Diagnostic Laboratory
(ARDL) in Minneapolis for analysis (24). Regarding biochemical
indicators, AST, ALT, TC (cholesterol), TG (triglycerides), LDL
(low-density lipoprotein), HDL (high-density lipoprotein), and CRP
were included in the regression analysis as covariates.

244, Lifestyle

The Smoking-Cigarette Use (variable name prefix SMQ) dataset
provides a history of cigarette use. Smoking status was classified as
never smoker (never smoked 100 cigarettes in a lifetime), some days,
or every day Alcohol use was assessed using the dietary interview
Total Nutrient Intakes, First Day (DR1TOT_J). Minute sedentary
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activity was assessed using the Physical Activity Questionnaire
(variable name prefix PAQ). The Global Physical Activity
Questionnaire (GPAQ) provides respondent-level interview data on
physical activity.

2.5. Diseases and medications

The diagnostic criteria for hypertension included: the patient
being informed by a doctor that they have hypertension,
SBP > 140 mmHg or DBP > 90mmHg. The diagnostic criteria for
diabetes mellitus (DM) are: doctor told you have diabetes, or fasting
glucose (mmol/l) >7.0, or random blood glucose (mmol/L) > 11.1, or
glycohemoglobin HbAlc (%)>6.5, or 2-h OGTT blood glucose
(mmol/L) > 11.1, or use of diabetes medication or insulin. Drug
information (told to take prescription for cholesterol) used the Blood
Pressure/Cholesterol section (variable name prefix BPQ) in
the NHANES.

2.6. Healthy eating index-2015

Healthy eating index (HEI)-2015 was designed and scored from
0 to 100, which was derived from the sum of 13 components: total
fruits, whole fruits, total vegetables, greens and beans, total protein
foods, seafood and plant proteins (each 0-5 points); whole grains,
dairy, fatty acids, sodium, refined grains, added sugars, and saturated
fats (each 0-10 points) (25). A higher HEI-2015 score indicated better
diet quality. In this study, the HEI-2015 was calculated using the mean
of two 24 h recalls.

2.7. Statistical methods

The sampling weights recommended by NHANES for the planned
oversampling of specific groups were used in this study. All analyses
were sample-weighted and accounted for the complex stratified,
multistage, cluster sampling design of NHANES (26, 27). For
continuous variables, the survey-weighted median + standard error
was used, and the p-value was calculated by the survey-weighted
linear regression. For categorical variables, the survey-weighted
percentage (standard error) was used, and the p-value was calculated
by the survey-weighted Chi-square test.

Because vitamin K values had a negatively skewed distribution,
they were converted to base 10 log values to conform to a normal
distribution. The relationship between log vitamin K and MAFLD was
explored using the survey-weighted logistic regression. Model 1 was
unadjusted. Model 2 was adjusted for age, sex, and race. Model 3 was
adjusted for age, sex, race, education, smoking, alcohol, BMI, CRP,
AST, ALT, minutes of sedentary activity, drug, energy, HEI-2015,
dietary supplements, drugs, hypertension, and DM. To better explore
the association between log vitamin K and MAFLD, multivariable
logistic regression was conducted with log vitamin K as the categorical
variable, and we divided log vitamin K quartiles. Then, we fitted a
linear relationship between log vitamin K and MAFLD by smoothing
the curve. Finally, we used stratified logistic regression models for
interaction analysis and used restricted cubic splines to estimate the
dose-response relationship between log vitamin K intake and MAFLD.
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Additional sensitivity analyses were performed to determine: (1)
collinearity between vitamin K and other variables by the variance
inflation factor (VIF) and (2) extreme vitamin K values that were
lower 1% and greater than 99%.

All analyses were performed using R software, version 4.0.3
(R Foundation for Statistical Computing, Vienna, Austria). A
two-sided p-value < 0.05 was considered significant for all analyses.

3. Results

3.1. Characteristics in a sex-specific MAFLD
population

The general characteristics of the participants are shown in
Table 1. The MAFLD population had lower vitamin K intake than the
non-MAFLD population (123.113+4.635 vs. 145.064+7.759,
p=0.024). Compared with the non-MAFLD population, age, BMI,
ALT, CRP, TC, TG, LDL, HDL, energy, the proportion of Mexican
Americans, DM, and hypertension were higher in the MAFLD
population, while the proportion of higher education was lower.

3.2. The relationship of log vitamin K and
MAFLD

We used restricted cubic splines to estimate the dose-response
relationship between log vitamin K intake and MAFLD. The results
showed a nonlinear relationship between log vitamin K and MAFLD
(Figure 1). The log vitamin K inflection point was approximately 2.00
(equal to vitamin K intake of 100pg), and log vitamin K was a
protective factor for MAFLD after the inflection. In a continuous log
vitamin K variable, log vitamin K was negatively correlated with
MAFLD (OR=0.462, 95% CI: 0.277-0.796, p=0.006) after adjusting
for other control factors in the multivariate regression analysis.
Compared with the Q1 quartile of the log vitamin K population, the
Q4 quartile had a significantly different MAFLD prevalence in model
3 (OR=0.488, 95% CI: 0.302-0.787, p=0.006). p-values for trends
were significant in all three models (Table 2). Furthermore, as shown
in Supplementary Tables S1, 52, TG was negatively correlated with log
vitamin K (f=-0.027, 95% CI: —0.041- —0.013, p<0.001) and
positively correlated with MAFLD (OR=2.384, 95%CI: 2.392-3.367,
p<0.001); conversely, HDL was positively correlated with log vitamin
K (f=0.132, 95% CI: 0.082-0.182, p <0.001) and negative correlated
with MAFLD (OR=0.164, 95%CI: 0.115-0.232, p<0.001).

3.3. Subgroup analysis

We divided the population into those with and without dietary
supplements. In those who did not take dietary supplements, we found
that log vitamin K was a protective factor for MAFLD, regardless of
the adjustment for other covariates (p <0.05). In model 3, compared
with the Q1 (<1.75, equal to <56 pug), the Q4 (>2.21, equal to >162 ug)
population had a lower risk of MAFLD (OR=0.373, 95% CI: 0.186-
0.751, p=0.009). Among those who consumed dietary supplements,
although log vitamin K was found to be a protective factor for MAFLD
in model 1 and model 2 (p<0.05), the relationship between log
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vitamin K and MAFLD was not statistically significant in model 3
(OR=0.489, 95% CI: 0.238-1.001, p=0.050). The details are given in
Table 3.

We also analyzed other subgroups and found that in the
population aged <40 or 40-65 years, men and women, BMI < 30kg/
m?, HEI-2015 <50 or > 58, energy <1,641 or>2,358 kcal, non-DM or
DM, and non-hypertension, the log vitamin K was negatively
associated with the prevalence of MAFLD (p <0.05). These potential
factors did not interact with log vitamin K values in the prevalence of
MAFLD. The details are provided in Supplementary Figure S2.

3.4. Sensitivity analysis

We performed a series of sensitivity analyses to assess the
robustness of the findings. Collinearity diagnostics showed that
vitamin K did not have collinearity with other variables (all VIF < 10)
in multivariate  regression models, regardless of sex
(Supplementary Table S3). After replacing the extremes of vitamin K
intake, the correlation between log vitamin K and MAFLD in models
1, 2, and 3 was consistent with the findings in Table 2, showing good

model stability in this study (Supplementary Table S4).

4. Discussion

Studies have shown that vitamins are essential trace elements
involved in various biological functions, and the processes of their
metabolism, storage, and activation occur in the liver (28); therefore,
liver diseases are usually associated with vitamin disorders. Metabolic
fatty liver disease is characterized by hepatic steatosis combined with
one or more metabolic abnormalities. In this study, fatty liver
degeneration was defined by CAP. Compared with conventional
ultrasound, CAP can detect a milder degree of steatosis and has a
good correlation with liver biopsy being used for steatosis detection
(6). Although the number of patients diagnosed with MAFLD is
similar to the number of patients with NAFLD (29), the risk of
cirrhosis and liver cancer is more likely to be higher in people with
MAFLD because they have higher liver enzyme levels and more
diseases—related to glucose and lipid metabolism (30). To the best of
our knowledge, this is the first study to explore the relationship
between vitamin K intake from diet and dietary supplements and
MAFLD. The results showed that compared with the non-MAFLD
population, vitamin K intake was lower in the MAFLD population
(123.113+4.635pg vs. 145.064+7.759 pg). Higher vitamin K intake
could lower the risk of MAFLD, compared to the population with a
vitamin K intake of <56.23 pg (equal to log vitamin K< 1.75), there
was a 50% risk of MAFLD in the population with a vitamin K intake
of >162.18 pg (equal to log vitamin K>2.21), which was 40% in the
population without dietary supplements intake.

Vitamin K is a lipophilic micronutrient divided into
phylloquinone and menaquinone (31). In humans, the dietary intake
of phylloquinone comes mainly from vegetables and vegetable oils,
while menaquinone comes from animal products and bacterially
fermented foods (32). Vitamin K was first known for its role in blood
clotting, but it can also regulate inflammation, and reduce oxidation
(33, 34). Ferroptosis is regulated by multiple cellular metabolic
events, including redox homeostasis, iron handling, mitochondrial
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activity, and metabolism of amino acids, lipids, and sugars (35).
Recent studies have found that the vitamin K cycle can protect cells
against detrimental lipid peroxidation and ferroptosis (36). In
animal experiments, it was found that vitamin K supplementation
can downregulate the glycosylated blood glucose protein and insulin
resistance in diabetic rats (37), and reduce body fat accumulation
and serum triglyceride (TRG) levels in obese rats (38). Population
trials have found that increased dietary intake of vitamin K appears

10.3389/fnut.2023.1086477

to be associated with a lower incidence of DM (39, 40). Vitamin K
administration in mice fed a high-fat diet can significantly increase
Gla-Gas6 protein levels, upregulate AMPK phosphorylation state,
and reduce SREBP1 and PPARa expression. Therefore, it is
speculated that the mechanism of vitamin K on lipid metabolism
may be mediated by the activation of Gas6 protein (41), then
regulating AMPK SREBP1/FAS and PPARa/CPT1A/UCP?2 signaling
cascades in hepatic lipid metabolism, thereby maintaining

TABLE 1 Characteristics of participants by categories of MAFLD: NHANES 2017-2018.

Characteristics (weighted) Total Non-MAFLD MAFLD p-value
N 3,571 1,479 2,052

Vitamin K (pg) 132.939+4.519 145.064 £7.759 123.113+£4.635 0.024
Log vitamin K 1.975+£0.014 2.003+0.017 1.952+0.017 0.017
Energy (kcal) 2091.696 +21.263 2030.246 +25.442 2141.495+27.386 0.004
Age (years) 48.500+0.681 44.229+0.831 51.962+0.699 <0.0001
BMI (kg/m?) 29.896+£0.294 25.845+0.310 33.178+0.330 <0.0001
ALT (u/L) 23.170£0.410 19.414+0.615 26.214+0.692 <0.0001
AST (u/L) 22.252+0.285 21.506+0.598 22.857+0.503 0.176
CRP 3.819+0.188 2.515+£0.215 4.875+0.226 <0.0001
Minutes sedentary activity 356.817+7.438 350.947 +8.859 361.574+8.533 0.259
Alcohol (g) 11.471£0.551 11.315+0.887 11.597£0.816 0.831
HEI-2015 52.543 +0.687 54.099+0.938 51.282+0.631 0.002
TC (mmol/L) 4.931+0.045 4.856+0.050 4.991+0.053 0.028
TG (mmol/L) 1.609+0.037 1.222+0.028 1.922+0.042 <0.0001
LDL (mmol/L) 2.897+0.046 2.792+0.046 2.984+0.063 0.01
HDL (mmol/L) 1.388+0.012 1.524+0.013 1.277+0.014 <0.0001
Race (%) 0.002
Mexican American 7.940(0.014) 5.536(1.118) 9.889(1.832)

Other Hispanic 3.085(0.004) 2.762(0.568) 3.347(0.383)

Non-Hispanic white 65.371(0.037) 66.687(2.956) 64.305(2.639)

Non-Hispanic black 14.304(0.016) 16.208(1.849) 12.761(1.629)

Other races 9.300(0.010) 8.807(1.191) 9.698(1.241)

Education (%) 0.003
<11th grade 9.006(0.007) 7.990(0.908) 9.830(0.718)

High school graduate 26.781(0.019) 25.440(2.502) 27.869(1.177)

Some college 31.165(0.015) 28.381(2.258) 33.421(1.546)

College graduate or above 33.048(0.030) 38.189(3.656) 28.881(2.408)

Smoking (%) 0.063
No 84.430(0.026) 83.783(1.570) 84.954(1.112)

Some day 3.582(0.004) 2.873(0.610) 4.156(0.536)

Every day 11.989(0.010) 13.344(1.264) 10.890(0.950)

Dietary supplements 0.156
Yes 58.598(0.025) 57.190(2.121) 59.760(1.722)

Hypertension (%) <0.0001
Yes 39.692(0.023) 23.361(1.839) 52.927(1.984)

Diabetes (%) <0.0001
Yes 15.414(0.008) 4.390(0.669) 24.347(1.228)
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FIGURE 1
The dose—response relationship between log vitamin K and MAFLD. Model adjusted for age, sex, race, body mass index, education, smoking, alcohol,
aspartate aminotransferase, alanine Aminotransferase, minutes sedentary activity, energy, HEI-2015; diabetes mellitus; hypertension, and drug.

TABLE 2 The relationship of log vitamin K and MAFLD.

Model 2°

0.559(0.410,0.762) 0.003

Model 3¢

0.462(0.277,0.769) 0.006

Model 1°

0.663(0.481,0.915) 0.016

Exposure

Log vitamin K (continuous)

Quartile of log vitamin K

QI(£1.75)

1.000

1.000

1.000

Q2(1.75-1.97)

1.052(0.828,1.337) 0.650

0.978(0.739,1.295) 0.853

0.692(0.515,0.928) 0.017

Q3(1.97-2.21)

0.863(0.665,1.120) 0.243

0.698(0.517,0.941) 0.026

0.592(0.407,0.861) 0.009

Q4(>2.21)

0.708(0.490,1.022) 0.063

0.601(0.415,0.870) 0.015

0.488(0.302,0.787) 0.006

P-trend

0.024

0.004

0.008

“Non adjusted model.
"Minimally adjusted model: adjusted for age, sex, and race.

“Fully adjusted model: age, sex, race, body mass index, education, smoking, alcohol, aspartate aminotransferase, alanine Aminotransferase, minutes sedentary activity, energy, HEI-2015;
diabetes mellitus; hypertension, and drug.

whole-body lipid homeostasis (42). Vitamin K is involved in the =~ which may be affected by other dietary nutrients. In this study,

activation of the AMP-activated protein kinase/sirtuin 1 pathwayin  we also observed inconsistency regarding the relationship between
vitamin K and MAFLD based on the HEI-2015 and energy subgroup

analyses. In another study, a diet rich in vitamin K was associated

the liver, which, in turn, upregulates phosphoinositide 3-kinase and
glucose transporter 2 to reduce insulin resistance and fasting blood
glucose (37). In this study, we also found that higher vitamin K
intake could reduce the risk of MAFLD in the DM population, and
individuals with a higher intake of vitamin K had lower TG and

with a lower prevalence of decreased high-density lipoprotein
cholesterol, high serum triglycerides, and hyperglycemia. However,
after adjusting for dietary confounders, the effect remained
higher HDL levels. These results suggest that the anti-inflammatory,  significant only for hyperglycemia (44). Studies have shown that
anti-ferroptosis, and antioxidant effects of vitamin K regulate  vitamin K function is also related to age, sex, and/or menopause.
glucose and lipid metabolism disorders (43). The pathogenesis of ~ Additionally, since vitamin K is a fat-soluble vitamin, obesity
MAFLD is mainly related to metabolic disorders and altered increases the storage of some fat-soluble nutrients (19). Therefore,
glucose-insulin homeostasis; therefore, vitamin K may reduce the  vitamin K intake may not play a role in obesity. Age, sex, and
risk of MAFLD by stabilizing glucose-lipid metabolism. menopause have been shown to affect vitamin K metabolism (31).
Interestingly, in the stratified analysis, when adjusting for no  Plasma phylloquinone levels were found to be significantly higher in
the elderly (>60years) than in the young (<40 years) independent of
dietary intake (45, 46). This finding indicates that there may be a

protective effect of vitamin K against MAFLD in young men, but not

other variables or adjusting for sex, age, and race, vitamin K
significantly reduced the risk of MAFLD among those who
consumed dietary supplements, but when the model continued to
add moderator variables (activity, other nutrients, and disease), this ~ in older age. In this study, it was also found that vitamin K did not
reduce the risk of MAFLD in the elderly and obese groups. In short,

although it is unclear how vitamin K exerts its antioxidant and anti-

protective effect was not statistically significant. This result may
indicate that the effect of vitamin K on MAFLD may not

be significant in the population consuming dietary supplements,  inflammatory effects, this study suggests that increasing vitamin K
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TABLE 3 The relationship of log vitamin K and MAFLD in with or without dietary supplements.

Model 1°

Model 2°

10.3389/fnut.2023.1086477

Model 3¢

Population

Without dietary supplements

Exposure

Log vitamin K (continuous)

0.709(0.496,1.012) 0.057

0.632(0.425,0.938) 0.028

0.346(0.159,0.750) 0.011

Quartile of log vitamin K

Q1(<1.75)

1.000

1.000

1.000

Q2(1.75-1.97)

1.273(0.802,2.022) 0.277

1.192(0.652,2.182) 0.503

0.962(0.504,1.837) 0.901

Q3(1.97-2.21)

0.938(0.648,1.356) 0.710

0.812(0.511,1.289) 0.302

0.721(0.420,1.239) 0.217

Q4(>2.21)

0.714(0.508,1.004) 0.052

0.658(0.434,0.996) 0.048

0.373(0.186,0.751) 0.009

P-trend

0.083

0.035

0.018

With dietary supplements

Log vitamin K (continuous)

0.569(0.329,0.986) 0.045

0.509(0.286,0.906) 0.027

0.555(0.247,1.247) 0.142

Quartile of log vitamin K

QI(<1.75)

1.000

1.000

1.000

Q2(1.75-1.97)

0.816(0.598,1.115) 0.181

0.770(0.526,1.127) 0.144

0.500(0.300,0.833) 0.011

Q3(1.97-2.21)

0.717(0.467,1.101) 0.117

0.585(0.357,0.959) 0.038

0.519(0.286,0.940) 0.033

Q4(>2.21)

0.587(0.348,0.989) 0.046

0.517(0.297,0.902) 0.027

0.489(0.238,1.001) 0.050

P-trend

0.059

0.030

0.142

“Non adjusted model.
"Minimally adjusted model: adjusted for age, sex, and race.

“Fully adjusted model: age, sex, race, body mass index, education, smoking, alcohol, aspartate aminotransferase, alanine Aminotransferase, minutes sedentary activity, energy, HEI-2015;

diabetes mellitus; hypertension, and drug.

intake may reduce the risk of MAFLD, especially in populations that
do not consume any dietary supplements.

Our study has several strengths. First, the source of vitamin
K is not only food but also dietary supplements. The relationship
between vitamin K and MAFLD was analyzed between those who
used dietary supplements and those who did not. Second, the
NHANES database contains a large and nationally representative
sample of the adult population in the United States. Third, the
study used the weight in the analysis method to adjust for
covariates in different models and considered the association of
vitamin K and MAFLD in different populations, thus performing
a sensitivity analysis. However, our study also had a few
limitations. First, the cross-sectional design of our study could
not accurately reflect the causal relationship between vitamin K
levels and the risk of MAFLD. Second, 24 h dietary interviews do
not necessarily reflect long-term dietary consumption habits.
Third, although the study was adjusted for many covariates, the
effect of unmeasured confounders cannot be ruled out. Fourth,
dietary supplements are not intended for people who only take
vitamin K supplements and do not distinguish between different
food sources of vitamins and different vitamin subtypes (K1
and K2).

5. Conclusion

Vitamin K is inversely associated with the prevalence of MAFLD,
suggesting that a higher vitamin K intake is associated with a lower
risk of MAFLD. This negative relationship is more significant in the
individuals who were not taking dietary supplements. Nevertheless,
this study was an observational study, and the plasma concentration
of vitamin K was not detected to confirm the effect of the vitamin K
increase in the body. Therefore, the relationship between vitamin K
intake and plasma vitamin K levels and the relationship between

Frontiers in Nutrition

plasma vitamin K and glucose and lipid metabolism should
be continued explored in population studies, and their possible
mechanisms should be explored in animal experiments.
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Background: Both sleep time and quality can be associated with overweight or
obesity. In obese people, visceral fat tissue develops, which results in an increment
in the production of cytokines. The increased production of inflammatory
cytokines can disturb the sleep/wake cycle. Therefore, weight loss by reducing
fat tissue can improve sleep disorders. Intermittent fasting diets are popular
and effective diets that can decrease body weight and improve anthropometric
data and body composition. The present study aimed to evaluate the effect of
Alternate-day Modified Fasting (ADMF) on sleep quality, body weight, and daytime
sleepiness.

Methods: Classification of 56 obese or overweight women, based on age and
body mass index (BMI), was done using stratified randomization. Then individuals
were assigned to the ADMF group (intervention) or Daily Calorie Restriction (CR)
group (control) using the random numbers table for 8 weeks. We measured the
Pittsburgh sleep quality Index (PSQI), weight, BMI, and the Epworth sleepiness
scale (ESS) as primary outcomes and assessed subjective sleep quality (SSQ),
sleep latency, sleep disturbances, habitual sleep efficiency, daytime dysfunction,
and sleep duration as secondary outcomes at baseline and after the study.

Results: Following an ADMF diet resulted in a greater decrease in weight (kg)
[-5.23 (1.73) vs. —3.15 (0.88); P <0.001] and BMI (kg/m?) [-2.05 (0.66) vs. —1.17
(0.34); P <0.001] compared to CR. No significant differences were found in the
changes of PSQI [-0.39 (1.43) vs. —0.45 (1.88); P =0.73] and ESS [-0.22 (1.24) vs.
—0.54 (1.67); P =0.43] between two groups. Also, following the ADMF diet led to
significant changes in SSQ [-0.69 (0.47) vs. —0.08 (0.40); P =<0.001], and daytime
dysfunction [-0.65 (0.57) vs. 0.04 (0.75); P: 0.001] in compare with CR diet.

Conclusion: These results suggested that an ADMF could be a beneficial diet for
controlling body weight and BMI. The ADMF diet didn't affect PSQI and ESS in
women with overweight or obesity but significantly improved SSQ and daytime
dysfunction.

Clinical Trial Registration: The Iranian Registry of
(IRCT20220522054958N3), https://www.irct.ir/trial/64510.
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Background

Sleep disorders affect nearly one-third of adults. The association
between sleep quality and food intake has been shown in studies
(1). Both people with severe and moderate obesity are affected by
low sleep quality (2, 3). The increment of visceral adipose tissue
results in the release of inflammatory cytokines that may lead to a
disturbance of the sleep-wake cycle (3). Current studies have shown
a bidirectional relation between sleep and oxidative stress and
inflammation. It has been shown that extremely long sleep duration
and sleep disturbances could be related to increased levels of IL-6
and c-reactive protein, while insufficient sleep duration with IL-6
(4). Therefore, both duration and sleep quality can ameliorate with
a decrease in weight (5). Gangwisch et al. showed that higher BMI
is related to lower sleep duration (6). The first-line therapy for the
reduction of weight in individuals with obesity or overweight is
calorie restriction (7). Adherence to conventional diets for weight
loss is low because of daily energy restriction (8). In recent years,
the fasting diet has been proposed as an unconventional diet for
losing weight [17]. In addition to losing body weight, it improves
metabolic health (9). Among the different fasting methods that
have been investigated, the ADMF diet is known to be an effective
diet to lose weight. ADMF comprises intermittent periods of
feasting and fasting, on alternate days. Some studies have shown a
3-7% decrease in weight under an ADMF diet during 8-12 weeks
(10). Compared to CR, intermittent fasting diets have exhibited
greater participant compliance over longer periods (11). What is
not clear is whether calorie restriction or a fasting diet will further
ameliorate body weight (7) and, after that, affect the quality of sleep.
Several studies suggest that alternate-day fasting compared with CR
could preserve muscle mass and reduce visceral adipose area (12).
A systematic review reported that alternate-day fasting diets
reduced body weight similar to CR (7, 13). Hutchison et al. have
shown that alternate-day fasting leads to greater weight loss
compared with CR (14). Recent evidence has reported that calorie
restriction increases the quality of sleep (15-17), but studies on the
effect of intermittent fasting diets on the quality of sleep are limited.
Teong et al. showed that a significant change wasn't found between
CR and intermittent fasting diet on the sleep quality of women with
overweight or obesity (18). Therefore, to achieve more definitive
results in this field, the effect of a method of fasting “ADMF” on
body weight, sleep quality, and daytime sleepiness was investigated
in this trial.

Abbreviations: BMI, Body mass index; ADMF, Alternate-day Modified Fasting; CR,
Daily calorie restriction; ESS, Epworth sleepiness scale; PSQI, Pittsburgh sleep

quality index; SSQ, Subjective sleep quality; MET, Metabolic equivalents.
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Methods
Design of study

This study was a randomized, controlled, trial to investigate the
effect of an ADMF diet and CR diet on body weight, daytime
sleepiness, and sleep quality in overweight/obese women for 8 weeks.
Individuals were recruited from several health centers located in
Kashan, Iran by simple random sampling. Then participants were
randomly assigned into groups control (CR) and intervention
(ADMF). The study protocol was registered at the Iranian Registry of
Clinical Trials (IRCT20220522054958N3) and was approved by the
Ethics Committee of Kashan University of Medical Sciences (IR.
KAUMS.MEDNT.REC.1401.046). All patients gave written consent to
participate in the study. Inclusion criteria included women between
18 and 50 years old and 40 >BMI >25. Exclusion criteria included
pregnancy, breastfeeding, having a chronic disease such as
hypertension, diabetes, gastrointestinal disorders, and heart disease,
losing 1-2 kg of weight in the past month, the habit of smoking,
alcohol abuse, taking specific medication or following a specific diet,
taking dietary supplements for weight loss, overnight shifts, having
psychological and mental disorders.

In this study, 56 women were recruited by Simple Random
Sampling from some health centers located in Kashan considering the
inclusion and exclusion criteria. Eligible individuals were stratified
based on age and BMI to make sure homogeneity of between-group.
Individuals per stratum were placed into an ADMF group or CR
group after baseline investigations. The allocation sequences were
generated by using random numbers table by an independent
statistician. The statistician was blinded throughout the entire trial.

Diet protocol

The flow diagram of the study has been presented in Figure 1.
Individuals per stratum were placed into an ADMF group or CR
group after baseline investigations. All individuals were needed to
follow diets that were given to them based on daily energy
requirements and their group for 8 weeks. The daily energy
requirements of the participants were estimated by using the Mifflin
equation (19). ADMF involved intermittent periods of fasting and
feeding, every-other-day (on the fasting days, participants consumed
only 25% of the daily recommended calorie and then on feeding days
they consumed 100% of the estimated daily energy requirements). The
fast and feed days started at midnight. All meals of the fast days were
eaten as lunch between 12.00 p.m. to 2.00 p.m. to make sure that each
participant was sustaining the same time of fasting. The consumption
of non-starchy veggies (green leaf, cucumber, tomato, and lettuce) as
well as energy-free beverages like water, tea, and coffee without sugar
(less than 400 mg caffeine daily) was permitted. Participants were
encouraged to drink plenty of water. The individuals consumed 100%
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FIGURE 1
Flow chart of the study.

Completers (n = 23)

of their daily energy needs (three main meals and three snacks) on
feeding days and were asked to intake breakfast at 8:00 a.m., lunch at
13:00 and dinner at 8:00 p.m. Also, they were asked to eat their snacks
at 10:00, 16:00, and 22:00. Participants of the CR group daily
consumed 63% of their calculated calories (three main meals and
three snacks) and were asked to take their main meals at 8:00, 13:00,
and 20:00, respectively. Also, they were asked to take their snacks at
10:00, 16:00, and 22:00. The duration of the diet for both groups was
8 weeks. All participants in intervention and control groups needed
to cook all their meals in their houses. Daily dietary protein, fat, and
carbohydrates, accounted for 15, 30, and 55% of energy needs,
respectively. Intervention and control group patients were required to
keep their regular physical activity over the trial. All participants had
the same number of calls to the dietician.

Adherence to the diet

Participants’ adherence to the regimen was monitored every two
weeks by completing food record questionnaires three times a week (two
normal days and one day off) (20) The questionnaires were compared to
the prescribed diet to assess adherence. To ensure accurate completion
of the questionnaires, all participants received instructions on how to
complete the forms, which included selecting appropriate days and units
of measurement. The information obtained from the questionnaires was
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converted to grams using a home scale guide and analyzed with N4
software (First Databank Inc.; Hearst Corporation), which was adapted
for Iranian foods. The software calculated the amount of energy and
macronutrients received. Adequate adherence was defined as a total
caloric intake between 80 and 110% of the prescribed amount (21).
Participants whose daily calorie or macronutrient intake was less than
80% or more than 110% of the recommended amount were excluded
from the study. Additionally, participants were contacted by phone every
two weeks and monitored to answer any questions and encourage
adherence to the diet and study protocol.

Assessment of variables

The impact of ADMF and CR on primary outcomes (body weight,
BMI, PSQI, and ESS) and secondary outcomes (SSQ, sleep latency, sleep
duration, sleep efficiency, daytime dysfunctions, sleep disturbances) was
assessed by change from baseline to end of the intervention.

Weight and BMI

Participants’ weight, without shoes and with light clothes, was
evaluated using the scale with an accuracy of 0.1 kg. A stadiometer
with an accuracy of 0.5 cm was used to measure the height of patients.
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BMI was computed as weight (in kilograms) divided by height (in
meters squared).

Sleep quality

The sleep quality in the previous 4 weeks is evaluated self-
reportedly by the PSQI. The PSQI questionnaire has 19 items and
assesses 7 components of sleep: SSQ, sleep latency, sleep duration, use
of sleeping medication, sleep disturbance, habitual sleep efficiency,
and daytime dysfunction (22). The items are rated on a 4-point Likert
scale in terms of the severity of the problem or frequency. The score
range of each item is from 0 to 3. The total PSQI score has a range
between 0 and 21. Higher scores express lower sleep quality (22).

Daytime sleepiness

In this study, daytime sleepiness was measured by the ESS, a self-
reported questionnaire. Participants answered items based on how
likely they were to fall asleep or doze off during sedentary activities.
ESS is an eight-item questionnaire and includes a respondent format
“high chance of dozing” = 3, “moderate chance of dozing” = 2, “slight
chance of dozing” = 1, and “would never doze” = 0. The total ESS score
was calculated by summing the total scores of eight items. The total
score range was from 0 to 24. Higher values indicate higher levels of
sleepiness. The change scores were evaluated as the changes between
the total ESS scores at the beginning and the end of the study (23).

Physical activity record questionnaire

The physical activity questionnaire, based on metabolic equivalents
(MET), was used to evaluate physical activity in this trial. It consisted of
nine activity levels, ranging from rest and sleep with a metabolic
equivalent of 0.9 to intense activity with a metabolic equivalent of >6
(24). Each level (A: 0.9 MET, such as sleep and rest; B: 1.0 MET, such as
sitting quietly; C: 1.5 METs, such as working at a computer; D: 2.0
METS, such as standing or washing dishes; E: 3.0 METs, such as light
cleaning; F: 4.0 METS, such as bicycling; G: 5.0 METs, such as gardening;
H: 6.0 METS, such as aerobics; and I: >6 METS, such as running) was
described with examples of activities of that particular MET level, and
by a drawing. The physical activity scale was created so that the amount
of time spent on each MET activity level (15, 30, or 45 min, and 1-10 h)
on an average 24-h weekday could be recorded. The participants
indicated the number of times per day they participated in each of the
nine levels of activities, numbered 1-9. The Physical Activity score was
evaluated by multiplying the MET level of the activity by the number of
times per day and summing all the activity scores together (24).

Statistical assessment

The Kolmogorov-Smirnov test was applied to investigate the
normality of data distribution. A Chi-square test was used to compare
qualitative data between the two groups. An independent ¢-test was
used to evaluate between-group differences in quantitative data. To
compare the mean of the quantitative data (within the group) at the
beginning and end of the study, the paired t-test was used in
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parametric conditions and the Wilcoxon test was used in
non-parametric conditions. To compare the mean between the two
groups, a t-test was used in parametric conditions and the Mann-
Whitney test was used in non-parametric conditions.

Results

As shown in the study diagram (Figure 1), 56 women were
eligible. Participants were randomly allocated to the intervention and
control groups. During the study, 5 women from intervention
[pregnancy (n =1), discontinued intervention (n = 3), and migration
(n =1)] and 4 patients from the control group [discontinued
intervention (n = 4)] were excluded. Finally, 47 participants completed
the study and were consisted in the final analysis. The baseline
characteristics of the participants in the present analysis were shown
in Table 1. No significant changes were found between groups in
demographic characteristics, age, BMI, and physical activity.

Primary outcomes

After an 8-week follow-up, a higher, significant, decrease in body
weight (kg) [—5.23 (1.73) vs. —3.15 (0.88); P <0.001] and BMI (kg/m?)
[—2.05 (0.66) vs. —1.17 (0.34); P<0.001] was observed in ADMF
group in comparison to CR. The significant differences weren’t
observed in the change of PSQI [—0.39 (1.43) vs. —0.45 (1.88); P=0.73]
and ESS [-0.22 (1.24) vs. —0.54 (1.67); P=0.43] between 2 groups.
Also, no significant differences were found in physical activity before
and after the intervention, in the ADMF group [26.65 (8.19) vs. 26.91
(8.60); P =0.309] and CR group [28.67 (6.17) vs. 28.83 (6.24);
P =0.553] (Table 2). The adverse effects related to following the diets
weren't reported among the intervention or control group all over
the study.

Secondary outcomes

Following the ADMF diet led to significant positive changes in
SSQ [-0.69 (0.47) vs. —0.08 (0.40); P=<0.001] and daytime
dysfunction [—0.65 (0.57) vs. 0.04 (0.75); P: 0.001] in compare with
CR diet. However, significant negative changes were seen in sleep
latency [0.87 (0.69) vs. —0.17 (1.01); P=<0.001] and sleep duration
[0.52 (0.66) vs. —0.12 (0.68); P=0.002] and in parameters of habitual
sleep efficiency [0.04 (0.63) vs. 0.00 (0.72); P=0.83] and sleep
disturbances [—0.13 (0.75) vs. —0.21 (0.77); P=0.71] no significant
changes were observed between groups (Table 3).

Discussion

The present study indicated that following the ADMF diet for 8
weeks among women with obesity or overweight improved BMI, body
weight, SSQ, and daytime dysfunction compared to CR, however, had
no effect on PSQI, ESS, habitual sleep efficiency, and sleep disturbances
and harmed sleep duration and sleep latency. Our research indicated
that although both diets (ADMF and CR) could result in weight loss
after 8 weeks; the effect of the ADMF diet on body weight and BMI
loss was higher than the CR. This finding was consistent with several
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TABLE 1 General characteristics of study participants.

Control

Intervention

n=23

Variables
n =24

Age [Mean (SD)] 35.09 (8.38) 36.08 (8.58) 0.689"
Marital [# (%)] 0.529°
Single 4(17.4) 5(20.8)

Married 19 (82.6) 19 (79.2)

Child [n (%)] 0.4622
0 5(21.7) 6(26.1)

1 6(26.1) 2(8.7)

2 10 (43.5) 11 (47.8)

3 2(8.7) 4(17.4)

Job [ (%)] 0.995%
Student 2(8.7) 2(8.3)

Employee 5(21.7) 5(20.8)

Housewife 16 (69.6) 17 (70.8)

Economic [1 (%)] 0.7122
Poor 2(8.7) 1(4.2)

Average 14 (60.9) 17 (70.8)

Good 7(30.4) 6 (25)

Education [ (%)] 0.9242
Below diploma 4(17.4) 4(16.7)

Diploma 12 (52.2) 11 (45.8)

Bachelor and 7 (30.4) 9 (37.5)

above

Physical activity 26.91 (8.60) 28.83 (6.24) 0.385!
[Mean (SD)]

(METs.hr/day)

BMI [Mean (SD)] 31.63 (3.11) 31.58 (3.66) 0.617°
(kg/m?)

'p-value: Independent samples ¢-test. *p-value: Fisher’s Exact test. ’p-value: Mann-Whitney
U-test.

previous studies, for example, Johnson et al. (25) and Razavi et al. (26).
In contrast, the study by Trepanowski et al., which lasted for 6 months,
did not show any significant beneficial effect on weight loss. While
short-term fasting may promote greater weight loss than traditional
diets, this effect may not be significant in longer interventions. In fact,
other studies have suggested that longer intermittent fasting diets can
lead to greater weight loss, and researchers have proposed that
intermittent fasting may be a useful dietary method for obese
individuals (27, 28). However, the reasons for the discrepancies in
anthropometric indices observed in these studies are not well
understood, and more long- and short-term trials are needed to fully
evaluate the effectiveness of the intermittent fasting. ADMF has
exhibited greater participant compliance compared to daily calorie
restriction, for longer periods (29). In conventional CR diets, calorie
intake must be restricted every day (30), however, the ADMF diet
requires food restriction every other day which increases compliance
with the diet (29). A decrease in body weight is directly associated
with the degree of adherence to the diet (27) and the high adherence
rate to the ADMF diet leads to significant weight loss. It has been
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reported that fasting-induced weight loss is mainly from body fat
tissue reduction, while muscle mass is usually preserved during a
fasting diet (31). As subjects in ADMF require to fast 3-4 days a week,
more decrease in weight is often observed in such diets in comparison
with CR (32). The energy balance manages body weight changes (33).
During fasting hours, less glucose is available to the body, hence, fat
and ketones are considered the main source of energy, and therefore,
a decrease in weight and fat tissue will occur (34, 35). The result of
several studies indicated that participants in the fasting group reported
lower appetite after the intervention. The changes in appetite-
regulating hormones may have changed people’s appetite. In animal
trials, treatment with alternate-day fasting increased adiponectin
concentrations, while decreasing leptin and resistin (36).

Sleep disturbances are common findings in obese people (37),
which affects not only people with extreme obesity but also people with
medium obesity. Excessive fat tissue especially visceral adipose plays a
main role in this relation (38). Indeed, visceral adipose tissue increases
the secretion of inflammatory cytokines (TNF-a, IL-1, and IL-6). These
cytokines cause low-grade chronic inflammation (39). The studies
reported that some pro-inflammatory cytokines could have a role in
sleep regulation (40). Especially, IL-1p and TNF-a have circadian
secretion, with the maximum TNF-a and IL-6 secretion between 01:00
to 02:00 a.m., thus they can regulate the physiology of sleep in both
humans and animals (41). In individuals with obesity, IL-6 and TNF-«
have more secretion in the morning instead of the night and are related
to BMI and sleep disorder (42). Therefore, these findings propose a
hypothetical vicious circle including pro-inflammatory cytokines,
obesity, and sleep disorder (3). Although our intervention did not affect
the total PSQI score and ESS score, subscales of PSQI such as daytime
dysfunction and SSQ improved significantly in the ADMF group.
While the subscales of sleep latency and duration significantly
worsened in the intervention group. It can be said that ADMF has
increased sleep quality and daily function. However, the findings of
various studies are inconsistent and further research is needed to better
understand the possibility of a relationship between adherence to the
ADMEF diet and sleep quality. There are some limitations in our study.
The sample size and duration of the study were relatively short.
Nevertheless, in this short follow-up, we showed the effects of ADMF
on body weight and some sleep indices. Another limitation of our
study is that the assessment of sleep quality and daytime sleepiness was
based only on self-reported questionnaires, which might have resulted
in misstatements. We determined compliance with the prescribed diet
using a food record questionnaire. Forms were completed by the
patients three days a week, once every two weeks. Also, we monitored
individuals via phone interviews all over the study.

Conclusion

Since obesity has been suggested as one of the main causes of sleep
disorders, weight loss diets may play a role in sleep quality. The present
study suggests that ADMF is an efficacious dietary method for
decreasing body weight and managing BMI in women with obesity or
overweight. In addition, we indicated that an ADMF diet can increase
$SQ and improve daytime dysfunction, in comparison with a CR diet.
These results give us better insight into the ability of ADMF versus CR
for the management of weight and BMI. However, more studies are
required to address the direction of causality and generalize the results
to other diverse population groups with different health statuses.
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TABLE 2 Weight, BMI, sleep indexes, and physical activity at baseline and after the 8-week.

Characteristics

Baseline

After 8
WEELS

Change

10.3389/fnut.2023.1174293

p-value!

p-value?

Weight (kg) ADMF 80.31 (12.64) 75.07 (12.26) —5.23(1.73) <0.001 <0.001
CR 82.17 (13.43) 79.02 (12.96) —3.15(0.88) <0.001

BMI (kg/m?) ADMF 31.63 (3.11) 29.58 (3.17) —2.05 (0.66) <0.001 <0.001
CR 31.58 (3.66) 30.42 (3.58) —1.17 (0.34) <0.001

PSQI (score) ADMF 4.08 (1.50) 3.69 (1.32) —0.39 (1.43) 0.247 0.735
CR 3.45 (2.22) 3.00 (1.21) —0.45 (1.88) 0.220

ESS (score) ADMF 5.65 (2.80) 5.43 (2.84) —0.22 (1.24) 0.393 0.431
CR 7.08 (2.91) 6.54 (2.58) —0.54 (1.67) 0.155

Physical activity (METs.hr/day) =~ ADMF 26.91 (8.60) 26.65 (8.19) 0.26 (1.21) 0.309° 0.775%
CR 28.83 (6.24) 28.67 (6.17) 0.15 (1.28) 0.553°

Values reported as Mean (SD). 'p-value:

Daily Calorie Restriction; BMI, Body mass index; PSQI, Pittsburgh Sleep Quality Index; ESS, Epworth sleepiness scale.

TABLE 3 Effects of ADMF and CR on PSQI parameters.

Wilcoxon. *p-value: Mann- Whitney U-test. *p-value: Paired t-test. ‘p-value: Independent samples t-test. ADME, Alternate-day Modified Fasting; CR,

Characteristics Baseline After 8 weeks p-value** p-value*#*
(score*) (score)

$SQ ADMF 0.96 (0.63) 0.26 (0.44) —0.69 (0.47) <0.001 <0.001
CR 0.46 (0.58) 0.37 (0.57) —0.08 (0.40) 0317

Sleep latency ADMF 0.35 (0.57) 1.22 (0.67) 0.87 (0.69) <0.001 <0.001
CR 0.75 (0.84) 0.58 (0.50) —0.17 (1.01) 0.475

Sleep duration ADMF 0.26 (0.61) 0.78 (0.73) 0.52 (0.66) 0.003 0.002
CR 0.63 (0.71) 0.50 (0.59) —0.12 (0.68) 0.366

Habitual sleep efficiency | ADMF 0.35 (0.57) 0.39 (0.49) 0.04 (0.63) 0.739 0.831
CR 0.33 (0.48) 0.33 (0.48) 0.00 (0.72) 0.900

Sleep disturbances ADMF 0.78 (0.79) 0.65 (0.64) —0.13 (0.75) 0.405 0.706
CR 0.63 (0.71) 0.42 (0.50) —0.21(0.77) 0.197

Daytime dysfunction ADMF 0.96 (0.56) 0.30 (0.47) —0.65 (0.57) <0.001 0.001
CR 0.42 (0.58) 0.46 (0.58) 0.04 (0.75) 0.782

*Values reported as Mean (SD). **p-value: Wilcoxon. ***p-value: Mann-Whitney U-test. ADMF, Alternate-day Modified Fasting; CR, Daily Calorie Restriction; SSQ, Subjective sleep quality.
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Very low birth weight (VLBW) infants have higher nutritional needs even after
hospital discharge. However, data concerning current nutrient intakes at different
time points after the introduction of solid foods and whether dietary reference
values are being met are scarce. To adress this issue, this secondary analysis of
a prospective, two-arm interventional study in 177 VLBW infants 21 investigates
dietary intake comparing early and late (early: 10-12 weeks corrected for
gestational age, late: 16—-18 weeks corrected for gestational age) introduction of
standardized complementary food during the first year of life. Nutritional intake
was assessed using self-reported monthly 3-day dietary records from 3 until 12
months, corrected for gestational age. The time point of the introduction of solid
foods did not influence nutrient intake, but the early introduction of solids tended
toward a higher proportional intake of protein and carbohydrates and a lower
intake of fat as a percentage of total energy) during the 1st year of life, corrected
for gestational age. The results of this study indicate that this standardized feeding
concept was sufficient for zinc, calcium, and phosphorus intake. However, dietary
iron and vitamin D intakes did not meet the recommendations. Thus, prolonged
iron supplementation should be considered beyond the introduction of meat and
vitamin D supplementation at least until 12 months, corrected for gestational age.

Trial registration number: ClinicalTrials.gov: NCT01809548.
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1. Introduction

The first 1,000 days of life, also known as “the window of
opportunity,” represent a critical period of not only immense
potential but also an immense vulnerability that can affect an
infant’s development and metabolic programming (1-3). The
nutritional intake of very low birth weight (VLBW) infants requires
specific attention, as preterm infants are assumed to have higher
nutritional requirements even after being discharged from the
hospital (4). After a certain period, breastmilk or formula alone
is no longer sufficient to cover their nutritional needs. Thus, solid
foods have to be gradually introduced into the infants’ diet (5).
Current evidence indicates that preterm infants are introduced
to solid foods earlier than term infants (6, 7). However, dietary
intakes at different time points after introducing solid foods and
whether dietary intake reference values are met during the period
of complementary feeding (CF) are unknown. Especially at the
beginning of CFE there is a higher risk of nutritional imbalances
due to changes in macronutrients and micronutrients (8). Notably,
protein, iron, vitamin D, zinc, calcium, and phosphorus rank
among the critical nutrients in preterm infants, as suboptimal
intakes are associated with impaired growth (9), poor short- and
long-term health outcomes, impaired neurodevelopment (10), and
poor bone health (11). To ensure optimal growth in preterm
infants, it is necessary to determine whether the time point
of the introduction of solids is safe in terms of macronutrient
intake. Protein intake plays a major role, as low protein intake is
associated with undernutrition (12, 13), and high protein intake
might increase the risk of obesity in later life (14, 15). Moreover,
micronutrient supply during CF in preterm infants is an intensively
debated topic due to the essential role of CF in physical growth
and neuromotor development (16). However, it is unclear to
what extent the timing of the introduction of solid foods affects
micronutrient intake throughout the 1st year.

This study aimed to investigate the dietary macronutrient
and micronutrient intake at two different time points after the
introduction of solid foods in VLBW infants fed a standardized
diet during the 1st year of life and whether the dietary intake meets
current dietary reference values.

2. Methods
2.1. Study design

This is a secondary analysis of nutritional data collected during
a prospective, randomized, two-arm intervention trial of VLBW
infants with a birthweight below 1,500 g that were followed in
the outpatient clinic of the Division of Neonatology, Department
of Pediatrics, Medical University of Vienna from October 2013
until February 2020. Infants were randomized to an early CF
group (introduction of complementary food between 10-12 weeks
corrected for gestational age) or a late CF group (introduction
of complementary food between 16-18 weeks corrected for
gestational age) and fed a standardized feeding concept throughout
the 1st year of life. Infants with a birth weight of <1,500¢g were
eligible to participate in the study. The exclusion criteria were
any diseases that affect stable growth (i.e., Hirschsprung disease
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(17), chronic inflammatory bowel disease (18), bronchopulmonary
dysplasia (19), necrotizing enterocolitis (NEC) with short bowel
syndrome (20), any chromosomal aberrations, congenital heart
disease (21), or major congenital birth defects). Information on the
study design, sample size planning, and randomization process can
be found in the primary outcome report of this trial (22).

The trial was approved by the ethics committee of the
Medical University of Vienna (EK: 1744/2012) and registered on
clinicaltrials.gov (NCT01809548). Written informed consent was
obtained from at least one parent.

2.2. Study visits and diet

During the intervention period, study visits were scheduled in
the neonatal outpatient clinic at the expected due dates of 6 weeks,
12 weeks, 6 months, and 12 months, corrected for gestational age.
According to a standard operating procedure, anthropometric data
(body weight, length, and head circumference) were measured at
the respective dates; these primary outcome data were published
previously (22). In addition to formula or mother’s milk, infants
were fed a standardized age-dependent step-up CF concept
consisting of five different boxes with manifold, preprepared
complementary foods according to the infants’ ability to tolerate
textures and pieces. Beforehand, a nutritionist calculated a diet
rich in vitamin D, iron, calcium, phosphorus, omega-3 fatty acids,
zinc, and folic acid and compiled the food boxes, offering a varied
range of flavors. Feeding boxes ranged from finely pureed fruits and
vegetables in the scoop familiarization phase to coarser-textured
menus extended by grains, meat, fish, and milk products in the later
phases of CF. The commercially available, ready-to-use baby jar
food was provided for free by Nestle’ company (Vienna, Austria).
Parents were able to pick up the food boxes at any time and had to
adhere to the diet for more than 80% of the day during the infants’
1st year of life, corrected for gestational age. To verify adherence
to the diet, parents had to complete self-reported 3-day dietary
records in each of the study months (23, 24).

2.3. Data collection and evaluation

This secondary analysis aimed to evaluate the dietary intake
of critical nutrients in VLBW infants during the Ist year of life.
Dietary intake was estimated using 3-day dietary records for 3
consecutive days, including 1 weekend day. Parents of the infants
enrolled in the trial were instructed and trained by a nutritionist
to make a log of a detailed food report listing each enteral intake
once a month from 3 to 12 months, corrected for gestational age
(M3-M12). Diet records were analyzed using a nutritionist using
nutrient software (nut.s nutritional. software, Vienna, Austria)
based on the German Nutrient Database and the Austrian Nutrient
Table (Version II.3.1). In infants who were breastfed, the exact
milk intake was unknown. Hence, the estimated average values
of consumed mother’s milk, published by Dewey KG et al. (25),
were used. Infant formula was not provided by the study team.
However, detailed information on the formula used had to be
documented in each protocol. To ensure accurate nutrient analysis,
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recipes for all infant formulas were requested by the distinct
manufacturers, and changes in formulations were considered for
calculation. Body weight at the respective date of the dietary record
was used to calculate protein, vitamin D, and iron intake based
on the amount per kg of body weight. For the remaining months
in which no measurements were conducted, body weight was
calculated based on the daily increase in body weight between the
closest two measurements. Infants received 650 IU/d of vitamin
D3 supplementation until 1 year, corrected for gestational age,
and 2-3 mg/kg/d iron (Ferrum Hausmann, iron oxide polymaltose
complex, Vifor® France, Paris, France) until meat was fed regularly.

Furthermore, a multivitamin preparation (vitamins A, E, D3,
B1, B2, B6, C, niacin, and pantothenic acid; Multibionta?Merck
Selbstmedikation GmbH, Darmstadt, Germany) was given until
1 year, corrected for gestational age. The exact dosage and the
respective start and end dates of all supplements were documented
and used for daily intake calculation. Dietary intake is defined as
oral intake solely from foods, whereas total intake combines dietary
and supplemental intake.

2.4. Outcome parameters

The primary outcome of this analysis was protein intake
(g/kg/d) throughout the 1st year of life, corrected for gestational
age. Secondary outcomes included macronutrient distribution, i.e.,
protein, fat, and carbohydrates as a percentage of total energy,
energy, vitamin D, iron, zinc, calcium, and phosphorus intake.
If possible, nutrient intake was further compared with currently
available intake recommendations for preterm infants [protein (8),
vitamin D, and iron (26)]. If there were no specific reference
values for preterm infants, those of term infants were used for
comparison (energy, macronutrient distribution, zinc, calcium, and
phosphorus) (27).

2.5. Statistical analysis

Nutrient intake was compared between the early and late
introduction of solid foods. Data were analyzed according to the
per-protocol principle. Patients with less than 80% adherence to the
study food were excluded from the analysis. Furthermore, subjects
who moved, were lost to follow-up, withdrew informed consent,
or had no dietary record were also removed from data analysis.
However, dietary protocols for subjects who moved or withdrew
informed consent before being excluded from the analysis were
included. Per-protocol statistical analysis of all primary and
secondary outcomes was assessed using the linear mixed-effects
models, accounting for randomization group, sex, gestational age,
and nutrition at discharge as covariates, with a random intercept
to account for possible correlations between siblings of multiple
births. Marginal means (i.e., averaged across covariates) for the two
groups were calculated from the linear mixed models according to
standard errors and p-values for the null hypothesis of no between-
group difference. Graphical analyses represent estimated marginal
means and standard errors (error bars). P-values of <0.05 were
considered statistically significant. As an additional analysis, the
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TABLE 1 Dietary Protocols valid for per-protocol analysis.

Months of life Early Late

corrected for group group
gestational age (n =83) (n=82)

4 58 60 118
5 66 57 123
6 64 62 126
7 56 57 113
8 58 63 121
9 60 55 115
10 58 54 112
11 55 54 109
12 58 53 111

p-values for between-group comparisons of the same nutrient at
different time points were adjusted using the Bonferroni method
for results that were statistically significantly unadjusted, and the
adjusted p-values (p-adj) are given in the text. Statistical analysis
was conducted using RStudio Core Team (2022) (28).

3. Results

3.1. Participants and baseline
characteristics

In total, 177 infants were included in the study, of whom 89 of
them were randomized to the early feeding group and 88 to the
late feeding group. The per-protocol cohort included 83 infants
in the early group and 82 infants in the late group. Six infants
(three in each group) were excluded from the analysis as they
did not adhere to the study protocol. The parents of two infants
withdrew consent (one in each group). Two infants in the late group
moved prior to CF introduction; hence, no dietary protocols were
available. Moreover, two infants in the early group were excluded
from the analysis because of missing data on the variable “nutrition
at discharge,” which was integrated into the statistical model.

Demographic parameters, as well as neonatal, obstetric, and
parental parameters, were previously published (22, 29). The mean
gestational age at birth was 27 + 1/7 in the early group and 27 +
2/7 in the late group, whereas the mean birthweight was 929 (SD +
248) g and 932 (SD = 256) g, respectively.

3.2. Dietary records

Dietary records valid for per-protocol analysis varied among
groups and the respective time points, ranging from 66% (55/83)
to 83% (69/83) in the early group and from 64% (53/82) to 77%
(63/82) in the late group (Table 1).
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FIGURE 1

Dietary protein intake (g/kg/d) from 3-12 months of life, corrected
for gestational age. The red dotted line represents the reference
value for protein intake in preterm infants (1.6 g/kg/d). Presented as
the estimated marginal mean and standard error of the linear
mixed-effects models.

3.3. Protein

The results of the primary outcome of dietary protein intake
(g/kg/d) are shown in Figure 1. We observed no significant
difference in protein intake between the early and late groups
throughout the 1Ist year of life, corrected for gestational age. In
M3, protein intake was 1.88 (SE =+ 0.06) g/kg/d in the early group
and 1.90 (SE £ 0.07) g/kg/d in the late group and increased up
to 2.61 (SE £ 0.12) g/kg/d and 2.49 (SE + 0.13) g/kg/d in M12,
respectively. Immediately after CF introduction, protein intake
dropped in both groups, with a greater decline in the late group and
a rebound in M5. Participants generally had a mean protein intake
above the recommendations (6-12 months uncorrected age: 1.6
g/kg/d) (8) at any of the investigated time points, with an excessive
intake of up to 2.61 g/kg/d in the second half of the intervention
period (Table 2).

3.4. Energy intake and macronutrient
distribution

There was no significant difference in energy intake (kcal/d)
between the early and late groups at any of the investigated time
points (Table 2). At M3, mean energy intake was 500 (SE £ 11)
kcal/d in the early group and 497 (SE =+ 11) kcal/d in the late
group, increasing to 814 (SE =% 27) kcal/d and 827 (SE = 27) kcal/d
in M12, respectively. Macronutrient distribution varied in the 1st
months after the introduction of solid foods between the groups.
The percentage of protein intake from total energy was significantly
higher in M5 [early: 8.2% (SE % 0.2), late: 7.7% (SE £ 0.2); p
= 0.03; p-adj = 0.27] and M8 (early: 9.7% (SE £ 0.2), late: 9.1%
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(SE £ 0.2); p = 0.03; p-adj = 0.27) in the early feeding group,
with a persisting trend toward higher intake when compared to
the late group (Figure 2A). Fat intake in the percentage of total
energy was significantly higher in the late group in M3 (early: 46.6%
(SE =+ 0.4), late: 48.3% (SE £ 0.4); p = 0.002; p-adj = 0.02) and
M5 (early: 40.4% (SE £ 0.7), late: 43.1% (SE % 0.8), p = 0.01; p-
adj = 0.12) (Figure 2B), whereas the percentage of carbohydrate
intake from total energy was higher in the early group in M3 (early:
457% (SE + 0.4), late: 43.6% (SE & 0.4); p = 0.0002; p-adj =
0.002) and M5 (early: 51.4% (SE =+ 0.7), late: 49.2% (SE +£ 0.7); p
= 0.03; p-adj = 0.28) (Figure 2C). Upon correction for multiple
testing, proportional fat intake and carbohydrate intake at M3
remained significant. A comparison of the fat intake data from this
study with term infant recommendations for energy distribution
(0-3 months: 45-50%, 4-12 months: 35-45%) (27) showed
that fat intake (% of energy) was below the recommendations
from M7 in the early group and M8 in the late group
onwards (Table 2).

3.5. lIron

We found no difference in mean dietary iron intake between the
early and late groups during the intervention period (Figure 3A). In
M3, mean dietary iron intake was 0.77 (SE % 0.05) mg/kg/d in the
early group and 0.73 (SE =+ 0.05) mg/kg/d in the late group. After
an initial decrease, iron intake increased again, with levels reaching
0.98 (SE = 0.05) mg/kg/d and 0.92 (SE +£ 0.06) mg/kg/d in M12,
respectively (Figure 3A), At M3, total iron intake was 4.0 (SE £
0.2) mg/kg/d in the early group and 3.6 (SE £ 0.2) mg/kg/d in the
late group and decreased to 1.5 (SE £ 0.2) mg/kg/d and 1.6 (SE
=+ 0.2) mg/kg/d at M12, respectively (Figure 3B). From 8 months,
corrected for gestational age onwards, total iron intake dropped
below the intake recommended by ESPGHAN (2-3 mg/kg/d until
6-12 months of age, depending on the diet) (26). This was mainly
caused by the termination of additional iron supplementation for
most of the infants. Dietary iron intake by CF could not compensate
for iron intake administered by iron supplementation, resulting
in a very low intake in the second half of the intervention period
(Table 2).

3.6. Vitamin D

The mean dietary vitamin D intake did not differ between the
early and late groups, ranging from a minimum of 272 (SE &
21) 1U/d to a maximum of 322 (SE £ 21) IU/d (Figure 4A) and
was not influenced by CF introduction. Dietary intake together
with supplemental vitamin D intake was not different between the
groups and remained within the range of the recommendations
(800-1,000 IU/d during the 1st year of life (26) until 10 months,
corrected for gestational age (M10- early: 865 (SE % 49) IU/d, late:
857 (SE & 48) IU/d) (Figure 4B). From M11, total vitamin D intake
fell below recommendations in the late group and from M12 in
the early group, mainly related to the termination of vitamin D
supplements (Table 2).
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TABLE 2 Nutrient intake—Early vs. late introduction of complementary feeding.

Months corrected age Intake Recommendation
Group Early Late 0-3 months Early Late Early Late
(n=69) (n=56) (h=58) (=60 (n=66) (n=257)
Protein g/kg/d 1.88 (0.06) 1.90 (0.07) 1.6 g/kg/d 1.77 (0.06) 1.61 (0.05) 1.90 (0.07) 1.70 (0.08)
Energy keal/d 500 (11) 497 (11) 500-550 keal/d 534 (14) 508 (13) 576 (17) 557 (18)
Protein % of energy 7.7(0.2) 8.2(0.2) Not available 7.6 (0.1) 7.6 (0.1) 8.2(0.2)* 7.7 (0.2)*
Fat % of energy 46.6 (0.4)* | 483 (0.4)* 45-50% of energy 44.6 (0.5) 45.9 (0.5) 404 (0.7)* | 43.1(0.8)*
Carbohydrates | % of energy 457 (0.4)* | 43.6(0.4)* Not available 47.9(0.5) 46.5 (0.5) 51.4(0.7)* | 49.2(0.7)*
Iron mg/kg/d 077 (0.05) | 0.73(0.05) 2-3 mg/kg/d 073 (0.04) | 0.69(0.04) | 0.80(0.04) 0.72 (0.04)
Iron total mg/kg/d 4.0(0.2) 3.6(0.2) 3.9(02) 34(02) 3.5(0.2) 32(0.2)
Vit D diet 1u/d 279 (23) 297 (25) 8001000 TU/d 272 (21) 296 (19) 306 (21) 303 (22)
Vit D total 1u/d 948 (28) 960 (30) 923 (28) 955 (26) 967 (28) 978 (29)
Calcium mg/d 342 (15) 371 (16) 220 mg/d 350 (15) 348 (14) 388 (19) 376 (19)
Phosphorus mg/d 201 (9) 210 (10) 120 mg/d 220 (10) 212 (9) 251 (13) 241 (13)
Zinc mg/d 3.7(0.2) 3.9(0.2) 1.5 mg/d 3.9(02) 4.0(02) 4.3(0.2) 4.1(02)
Months corrected age V4
Group Early Late Early Late Early Late Early Late
(h=64) (n=62) (n=56) (n=57) (h=58) (h=63) (n=60) (n=>55)
Protein g/kg/d 1.93 (0.07) 1.81(0.07) 1.98 (0.08) 1.93 (0.08) 215(0.09) | 2.11(0.09) | 233(0.10) 2.17 (0.10)
Energy keal/d 602 (16) 605 (16) 633 (19) 638 (18) 672 (21) 689 (20) 737 (24) 710 (24)
Protein % of energy 8.7 (0.2) 8.3(0.2) 9.2(0.2) 8.7 (0.2) 9.7 (0.2)* 9.1(0.2)* 10.0 (0.2) 9.5(0.2)
Fat % of energy 37.7(0.8) 38.1(0.8) 33.7(0.9) 35.5(0.9) 32.4(0.9) 34.0 (0.9) 32.2(L1) 32.4(L1)
Carbohydrates | % of energy 53.6 (0.7) 53.6 (0.7) 57.1(0.9) 55.8 (0.8) 57.9 (0.8) 56.9 (0.8) 57.7 (1.0) 58.0 (1.1)
Iron mg/kg/d 0.83(0.04) | 0.79(0.04) 0.81(0.05) | 0.88(0.05) 0.89(0.05) | 0.91(0.05 | 0.95(0.05) 0.90 (0.05)
Iron total mg/kg/d 32(02) 2.8(0.2) 22(02) 2.1(02) 1.8(0.2) 1.9(0.2) 1.8(0.2) 1.8(0.2)
Vit D diet 1u/d 299 (19) 308 (18) 276 (21) 304 (19) 304 (20) 308 (19) 322 (21) 305 (21)
Vit D total 1u/d 963 (26) 975 (25) 946 (34) 952 (32) 972 (32) 958 (30) 960 (37) 930 (37)
Calcium mg/d 408 (17) 405 (16) 424 (19) 424 (18) 473 (23) 451 (21) 520 (24) 483 (24)
Phosphorus mg/d 269 (11) 268 (11) 302 (12) 279 (11) 329 (14) 322 (13) 371 (13) 355 (13)
Zinc mg/d 4.6(0.2) 4.5(0.2) 4.4(02) 4.8(0.2) 4.9(0.2) 5.1(0.2) 5.5(0.2) 52(0.2)

Months corrected age Intake
Recommendations

Group Early Late Early Early Late 4-12 months
(n=58) (n=54) (n=0>55) (n=58) (n=53)

Protein g/kg/d 2.33 (0.10) 2.21(0.10) 239 (0.11) 2.39 (0.11) 2.61(0.12) 2.49 (0.13) 1.6 g/kg/d
Energy keal/d 755 (24) 732 (24) 759 (26) 776 (25) 814 (27) 827 (27) 600-700 keal/d
Protein % of energy 10.2(0.2) 9.8(0.2) 10.7(0.2) 10.4(0.2) 11.4(0.3) 10.7 (0.3) Not available
Fat % of energy 32.1(0.9) 31.5(0.9) 30.3 (0.9) 30.8 (0.9) 30.4 (0.8) 29.5 (0.9) 35-45 % of energy
Carbohydrates % of energy 57.8 (0.8) 58.7 (0.8) 59.0 (0.8) 58.8 (0.8) 58.2 (0.8) 59.8 (0.8) Not available
Iron mg/kg/d 0.95 (0.05) 0.95 (0.05) 0.96 (0.05) 0.92 (0.05) 0.98 (0.05) 0.92 (0.06) 2-3 mg/kg/d
Iron total mg/kg/d 1.4 (0.2) 1.7 (0.2) 1.5(0.2) 1.5(0.2) 1.5(0.2) 1.6 (0.2)

Vit D diet 10/d 305 (19) 310 (19) 302 (20) 276 (19) 318 (21) 275 (21) 800-1,000 TU/d
Vit D total 10/d 865 (49) 857 (48) 813 (54) 785 (51) 694 (56) 660 (58)

Calcium mg/d 577 (26*) 501 (26*) 601 (30) 569 (28) 656 (31) 613 (31) 330 mg/d
Phosphorus mg/d 419 (16*) 361 (16%) 446 (21) 430 (20) 511 (23) 472 (23) 300 mg/d
Zinc mg/d 5.7 (0.2) 5.4(0.2) 5.7 (0.2) 5.7(0.2) 5.9(0.2) 6.0 (0.2) 2.5 mg/d

The data are presented as the estimated marginal mean and standard error of the linear mixed-effects models of the per-protocol study population. Significant differences before correction for
multiple testing (Bonferroni) were marked with*.
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FIGURE 2

Macronutrient distribution (% of energy) from 3-12 months of life,
corrected for gestational age. Comparison of (A) protein intake in %
of energy, (B) fat intake in % of energy, and (C) carbohydrate intake
in % of energy between early and late CF introduction from 3 to 12
months, corrected for gestational age. Presented as the estimated
marginal mean and standard error of the linear mixed-effects
models.
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FIGURE 3

Iron intake (mg/kg/d) from 3—-12 months of life, corrected for
gestational age. (A) Dietary iron intake and (B) total iron intake from
3-12 months, corrected for gestational age in mg/kg/d. The red line
represents the lower limit of ESPGHAN iron intake
recommendations for VLBW infants (2—3 mg/kg/d until 6-12
months, depending on the diet). Presented as the estimated
marginal mean and standard error of the linear mixed-effects
models. Total = supplemental + dietary intake.

3.7. Calcium

Dietary calcium intake did not differ between the groups
throughout the 1st year, corrected for gestational age, except for
MI10 (early: 577 (SE £ 26) mg/d, late: 501 (SE £ 26) mg/d; p = 0.04;
p-adj = 0.45). After multiple testing adjustments, no significance
was detected anymore. Mean dietary calcium intakes ranged from
342 (SE £ 15) mg/d in M3 to 656 (SE % 31) mg/d in M12 in the
early group and from 371 (SE =+ 16) mg/d in M3 up to 613 (SE £+
31) mg/d in M12 in the late group. Plotting our data against the
current recommendations for calcium intake for term infants (220
mg/d for infants from 0-3 months and 330 mg/d for 4-12 months)
(27), we found that both groups met these recommendations at all
of the investigated time points (Table 2).
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FIGURE 4

Vitamin D intake (IU/d) from 3-12 months of life, corrected for
gestational age. (A) Dietary vitamin D intake and (B) total vitamin D
intake from 3-12 months, corrected for gestational age in IU/d. The
red line represents the lower limit of ESPGHAN vitamin D
recommendations for VLBW infants during the 1st year of life.
Presented as the estimated marginal mean and standard error of the
linear mixed-effects models. Total = supplemental + dietary intake.

3.8. Phosphorus

Dietary phosphorus intake only differed significantly in M10
between the early and the late groups [early: 419 (SE £ 16)
mg/d, late: 361 (SE % 16) mg/d; p = 0.01; p-adj = 0.14]. After
multiple testing adjustments, no significance was detectable. Mean
dietary phosphorus intake increased from 201 (SE £ 9) mg/d
in the early group and 210 (SE + 10) mg/d in the late group
at the beginning to 511 (SE £ 23) mg/d and 472 (SE £ 23)
mg/d at the end of the intervention period. Dietary reference
values (0-3 months: 120 mg/d; 4-12 months: 300 mg/d) (27)
were met only at the very beginning of weaning (M3) and
from M8 onwards. Dietary phosphorus intake was below 300
mg/d in both groups in M4-M6 and M7 in the late group
(Table 2).
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3.9.Zinc

The time point of the introduction of solid foods did not
influence dietary zinc intakes, which were above the reference
values (0-3 months: 1.5 mg/d; 4-12 months: 2.5 mg/d) of term
infants at all investigated time points in both groups (Table 2).
Mean dietary intakes ranged from 3.7 (SE + 0.2) mg/d in the early
group and 4.0 (SE & 0.2) mg/d in the late group to 5.9 (SE £ 0.2)
mg/d and 6.0 (SE £ 0.2) mg/d, respectively (Table 2).

4. Discussion

This is a secondary outcome analysis of a randomized
intervention trial investigating the nutritional intake after the
introduction of standardized CF in VLBW infants at two different
time points. This study showed that the time point of the
introduction of solid foods had no impact on protein intake or
any other investigated nutrients. The early introduction of CF was
associated with a higher proportion of protein and carbohydrate
intake and a lower fat intake at the beginning of CF. Dietary intake
recommendations were met for zinc, calcium, and phosphorus but
not for iron and vitamin D.

4.1. Protein intake and macronutrient
distribution

The time point of the introduction of solid foods had no
impact on dietary protein intake (g/kg/d) during the 1st year of
life, corrected for gestational age. To date, only little is known
about protein intake during CF in preterm infants and its relation
to the time point of CF introduction. In the study by Mariott
et al.,, published in 2003, preterm infants were randomized to
a “preterm weaning strategy” (PWS) group or a control group.
Infants in the PWS group started eating semisolid foods at 13
weeks of postnatal age, whereas infants in the control group
were introduced to solid foods after 17 weeks of postnatal age,
provided that they weighed 3.5 and 5 kg, respectively. The authors
reported a significantly higher mean growth rate of length/week in
the PWS group and a significantly higher intake of total energy
(PWS: 822 kcal/d, control: 728 kcal/d) and protein at 6 months,
corrected for gestational age (PWS: 26.7 g/d, control: 23 g/d)
but no differences at 12 months, corrected for gestational age.
(30) In the study by Mariott et al., protein and energy intake
were significantly higher, with a protein intake that was twice
as high as ours. It is unclear how such a high intake could be
achieved. However, the results are no longer universally applicable
because the study was performed when post-discharge formula
and breastmilk fortification were not available. Hence, solids were
used for enhanced nutritional intake as other options were lacking.
Optimal protein intake during CF in preterm infants is important,
as insufficient protein intake can contribute to undernutrition
(12, 13). The beginning of CF is especially vulnerable to the risk
of nutritional imbalances due to the changes in macronutrients and
micronutrients (8). Although protein intake immediately decreased
after the introduction of CF, mean protein intake (g/kg/d) did
not drop below the recommendations (1.6 g/kg/d) in both groups
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at any of the investigated time points, assuming that early and
late introduction is adequate for the prevention of undernutrition
in former preterm infants. However, protein intake exceeded the
recommendations, with levels up to 2.61 (SE % 0.1) g/kg/d in the
second half of the Ist year, corrected for gestational age. There
is a growing body of evidence supporting the hypothesis that
excessive protein intake during the period of CF is associated with
overweight and obesity during childhood in healthy-term infants
(14, 15). Gunther et al. (31) showed that a consistently high protein
intake at the age of 12 months was related to a higher mean BMI
standard deviation score and percentage of body fat at 7 years of
age To prevent overweight and obesity later in life, it is suggested
that protein intake not exceed 15% of energy (32). In our study,
protein intake (% of energy) increased from 7.7% (SE £ 0.2) in
the early group and 8.2% (SE &£ 0.2) in the late group at M3
to 11.4% (SE £ 0.3) and 10.7% (SE £ 0.3) at M12, respectively.
Thus, protein intake (% of energy) was within the safety range
in both groups, avoiding the potential risk of wrong metabolic
programming and adiposity in later life. Moreover, a higher protein
intake may be advantageous for former preterm infants, especially
those who have not reached catch-up growth by the time of the
CF introduction. (33) The primary outcome of this study assessed
length at 12 months, corrected for gestational age, which did not
differ between the early and late groups. At 6 months, corrected for
gestational age, the early group had significantly higher weight z-
scores (22). A recent study demonstrated an association between
high proportional protein intake and rapid weight gain in a dose-
dependent manner during the CF period (34). Thus, a higher
proportional protein intake (% of total energy) in the early group
at the beginning of the weaning period might have contributed
to higher weight z-scores at 6 months, corrected for gestational
age. The results must be interpreted cautiously, as no significance
was detected after correction for multiple testing. Furthermore, the
study was not powered to detect a significant difference in nutrient
intake between groups, and dietary records were not available for
all patients enrolled in this study.

Furthermore, a proportional fat intake of 35-45% during the
period of CF is suggested (27). The late group had a significantly
higher fat intake compared to the early group at the beginning
of CF. To date, no data on the proportional fat intake during CF
and later health outcomes in former preterm infants is available.
Concern has been raised that a higher fat intake is associated with
obesity in adults (32). However, there is increasing evidence that,
in term infants, a higher fat intake during CF is not associated
with overweight later in life. Indeed, the results of the study by
Rolland-Cacher et al. demonstrated that a low fat intake at 2 years
might lead to an increased risk of obesity and leptin resistance
in adulthood (35). With respect to this, a late CF introduction
might be more favorable to preventing obesity during childhood.
However, mean proportional fat intake was below the reference
values in both groups in the second half of the intervention
period. Thus, there is a general need to improve proportional fat
intake to optimize growth and minimize adverse health outcomes
later in life. It must be considered that not only fat quantity
but also quality is of critical importance. A high intake of trans
fatty acids is associated with increased inflammation and adverse
effects on somatic development and should be avoided during CF
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(36). Polyunsaturated fatty acids, i.e., n-3 and n-6 fatty acids, are
important for growth, neurodevelopment, and immune function
(37). Thus, solid foods that are rich in polyunsaturated fatty
acids, such as fish and vegetable oils, e.g., soybean and rapeseed
oil, should be offered more frequently (38). However, further
studies on proportional quantities of macronutrients during CF
with respect to growth parameters and later health outcomes
are needed.

4.2. Iron intake

In this study, the mean dietary iron intake did not differ
between the early and late groups. In contrast, Kattelman et al. (39)
reported that mean iron intake was greater when complementary
foods were introduced early. The study authors concluded that
the higher iron intake was likely due to the greater consumption
of iron-fortified cereals as the first complementary food. In our
study, infants mainly received pureed fruits and vegetables as
their first solids, which provide only small amounts of iron and
might explain the deficiency in dietary iron intake in both groups.
Finn et al. showed that infants that consumed iron-fortified
cereals from 6 to 18 months had significantly higher levels of iron
compared to non-users, suggesting that this could be a strategy
to reduce iron deficiency (40). Generally, dietary iron intake
was low, with levels remaining below 1 mg/kg/d throughout
the intervention period. Thus, CF failed to adequately improve
dietary iron intake. This is in line with current literature that
shows that up to 60% of infants have iron intake levels below the
estimated average requirements from 6 to 36 months in some
European countries, including Austria. (41). VLBW infants are
even more prone to iron deficiency than term infants (42). Iron
requirements cannot be met solely by dietary sources, emphasizing
the need for iron supplementation in this vulnerable cohort.
Although standard iron supplementation was given until meat
was fed regularly, as suggested by ESPGHAN (43, 44), the mean
total iron intake fell below the recommendations in the second
half of the 1st year, corrected for gestational age. Data on iron
status from this study had already been published previously (29).
At 6 months, corrected for gestational age, 6% of infants in the
early group and 8% in the late group developed iron deficiency
(defined as ferritin <12 pg/L). The incidence of iron deficiency
was significantly higher in the early feeding group at 12 months,
corrected for gestational age (early: 13%, late: 2%). Because dietary
iron intake was not statistically different and total iron intake
was even higher in the early group at the beginning of CF, we
assumed that the difference in iron deficiency between the groups
may result from other factors, such as heme and none-heme
iron composition, host-related factors, and potential individually
different iron requirements, rather than overall iron intake.
(45) Regardless of the timepoint of CF introduction, there is a
need to improve iron intake and status in VLBW infants during
the 1st year of life. This could be achieved by prolonged iron
supplementation, nutrition counseling, and parental education
on dietary sources of iron, as well as by improved compliance
with iron supplementation and consequent monitoring of
iron status.
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4.3. Vitamin D intake

The results of this study showed that the timepoint of the
introduction of solids had no influence on dietary vitamin D
intake and that vitamin D intake did not change and improved
throughout the 1st year of life, corrected for a term with constantly
low intake levels ranging from 269 (SE + 21) IU/d to 325 (SE &
21) TU/d (see Table 2). These findings are consistent with previous
literature that indicates that vitamin D requirements cannot be met
solely by dietary sources during the 1st year of life (46). Infants
received 650 IU/d of vitamin D3 supplementation, and the total
vitamin D intake was within the recommended range of 800-
1000 IU/d (ESPGHAN) until 10 months, corrected for gestational
age. Although the recommendations for vitamin D intake were
met, 67% in the early group and 49% in the late group developed
vitamin D deficiency (serum 25-OH-vitamin D levels <50 nmol/L)
at 6 months, corrected for gestational age (47). The incidence of
vitamin D deficiency was even higher at 12 months, corrected for
gestational age (early: 89%, late: 81%) (47), suggesting that vitamin
D requirements in preterm infants might be higher than previously
assumed. Hence, vitamin D supplementation dose should be
reconsidered, and factors affecting vitamin D bioavailability and
absorption efficiency [i.e., food matrix, its interaction with other
fat-soluble compounds, age, genetic variation, and disease (48)]
should be further addressed to optimize vitamin D intake during
CF in former VLBW infants. In the present study, the parents
often stopped supplementation before 12 months, corrected for
gestational age, further explaining low vitamin D serum levels at
the end of the 1st year as dietary intake was insufficient. We suggest
continuing vitamin D supplementation at least until 12 months
after correction for gestational age and monitoring vitamin D status
to adapt therapy if necessary.

4.4. Calcium and phosphorus intake

Dietary calcium and phosphorus intake were not influenced
by the time point of the introduction of solid foods. Calcium
intake was found to be within the reference values of term
infants throughout the whole study period. However, whether
these reference values are appropriate for use in former preterm
infants is questionable because calcium absorption is compromised
due to poor gastrointestinal tolerance and motility in preterm
infants (49). Serum calcium levels at 6 weeks, 6 months, and 12
months, corrected for gestational age, were within the normal
range, and no case of deficiency was reported (47), assuming
that calcium intake was sufficient. Dietary phosphorus intake
was below the recommendations, mainly in the transition phase
from exclusive breastfeeding or formula feeding to solid foods
from 5 to 7 months, corrected for gestational age. Phosphorus
intake mainly derives from meat, fish, seafood, dairy products,
seeds, whole grains, and nuts, all foods that are rather introduced
later in the period of CF thus explaining the shortfall during
the respective months (50). Low dietary intakes of phosphorus
may affect the optimal growth of infants and the deposition of
lean body mass, as phosphorus is an important component of
body tissue (51). Furthermore, inadequate intakes of phosphorus
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and calcium contribute to the etiology of metabolic bone disease
in premature infants. Biomarkers suggestive of the diagnosis of
metabolic bone disease are hypophosphatemia and high levels
of alkaline phosphatase (52). Phosphorus and alkaline phosphate
serum levels were within the reference range (47), assuming that
intake levels were adequate to prevent metabolic disease.

4.5. Zinc intake

Zinc is a critical nutrient, especially in the early stages of
life, as it serves many cellular processes (53). In our study, zinc
intake was not influenced by the timepoint of introduction, and
intake recommendations for term infants were met throughout
the intervention period. Still, it is unclear whether the needs of
premature infants with corrected ages correspond to those of
mature infants. Preterm infants have higher zinc requirements in
the early postnatal phases (54). However, no data regarding zinc
requirements during the weaning period in former preterm infants
exist. Because we did not measure serum zinc concentration, it was
impossible to assess whether dietary zinc intakes efficiently prevent
deficiency. Thus, the actual zinc requirements of former VLBW
infants during the 1st year of life must be addressed further.

4.6. Study strengths and limitations

The standardized CF concept represents the major strength
of this study, as it enabled exact calculations of nutritional intake
in VLBW infants for the first time. The food provided in this
study was commercially available baby jar food. Thus, the results
of this study are generally applicable to preterm infants that
are fed preprepared complementary food in Austria. Another
strength of this study is the precise calculation of intakes from
infant formula, as changes in formulations were considered for
calculation. However, as this is a secondary outcome analysis of
a randomized controlled trial, it was not powered to detect a
difference in nutrient intake between study groups. A baseline
imbalance in birthweight and gestational age occurred during study
recruitment after an interim analysis in July 2017. Infants in the
early group had a significantly lower birthweight and a significantly
lower gestational age compared to the late group (22). Therefore,
the randomization process was switched to a baseline adaptive
randomization design with additional stratification according to
birth weight. However, the products of the standardized solid
food, their nutritional content, and the infant’s nutritional intake
remained the same over the whole study period. Hence, it is very
unlikely that the baseline adaptive randomized design influenced
any outcome parameter of this analysis. Another limitation of this
study was that mothers’ milk intakes were calculated as mean
intakes based on previous studies because exact intake data were
not available. Previous reports reported that the levels of some
nutrients, including vitamin A, B6, vitamin B12, fatty acids, zinc,
vitamin D, and iron, are associated with maternal factors such as
maternal diet or supplementation (55-57). Because this study did
not investigate maternal dietary intakes, variabilities in human milk
were not considered. Furthermore, it was previously described that
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various factors, such as medication, maternal endocrine disorders,
and temporarily blocked ducts, may pose a potential risk for
low milk production, affecting milk volume intakes (58). Since
these factors were not considered, the data must be interpreted
cautiously. To inform readers about the lack of confounding that
might be due to differences in breast lactation, maternal baseline
characteristics from the per-protocol population are provided in
the Supplemental material section.

5. Conclusions

The time point of the introduction of solid foods did not have
an impact on nutrient intake. However, early introduction leads
to a higher proportional intake of protein and carbohydrates and
a lower fat intake (percentage of total energy) at the beginning
of weaning. Further studies on macronutrient distribution during
CF with respect to growth parameters and later health outcomes
are needed to ensure optimal growth without the risk of obesity
or wrong metabolic programming later in the lives of former
preterm infants. The results of this study indicate that this
standardized feeding regime provided sufficient zinc, calcium,
and phosphorus intake. However, dietary iron intake was low
even after introducing iron-rich foods, and recommendations
were not met in the second half of the Ist year, corrected
for gestational age. Therefore, prolonged iron supplementation
should be considered, as iron intake solely from dietary sources
is insufficient. Furthermore, dietary intake of vitamin D was
insufficient to meet the recommendations throughout the 1styear
of life, highlighting the importance of vitamin D supplementation
until at least 12 months, corrected for gestational age. This
study adds to our understanding of the dietary intake of critical
nutrients during the complementary feeding period in VLBW
infants, which is crucial in preventing both over- and under-supply
and thus optimizing post-discharge nutritional management in this
vulnerable cohort.
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Background: Dietary glycemic index (Gl) or glycemic load (GL) has been associated
with the development of many cancers, but the evidence for renal cancer is still
limited. The aim of the present study was to investigate the association between
Gl or GL and renal cancer risk in the Prostate, Lung, Colorectal, and Ovarian
Cancer (PLCO) Screening Trial.

Methods: The cohort for our analysis consisted of 101,190 participants. Gl and GL
were calculated from the FFQ data using previously published reference values.
Multivariate-adjusted hazard ratios (HRs) and 95% confidence intervals (Cls) were
estimated using Cox regression model after adjusting for most known renal cancer
risk factors.

Results: During a median of 12.2 years of follow-up, 443 incident renal cancer
cases occurred. Higher dietary Gl was significantly associated with a higher risk
of renal cancer (HRqsysa1: 1.38; 95% Cl: 1.09-1.74; p for trend=0.008). There was
no significant association between dietary GL and renal cancer risk (HRqzysc1=1.12,
95% CI=0.79-1.59, p for trend=0.591). Spline regression plot revealed a higher
risk of renal cancer with a higher Gl but not GL. There was no statistical evidence
for nonlinearity (p for nonlinearity >0.05).

Conclusion: In summary, findings of this large-scale prospective cohort study
suggested that dietary Gl may be associated with the risk of renal cancer. If
confirmed in other populations and settings, dietary Gl could be considered as a
modifiable risk factor for renal cancer prevention.

glycemic index, glycemic load, renal cancer, cohort, PLCO

1. Introduction

Renal cancer currently ranks seventh among the most frequently diagnosed cancer in males
and ninth in females (1). In 2020, more than 431,000 cases of renal cancer were projected to
occur worldwide (2). The geographic distribution of renal cancer is highest in the Baltic
countries and in Eastern European countries and lowest in most parts of Asia and Latin America
(3). There is a consistent male to female excess of renal cancer observed in both low- and high-
incidence regions (4). The main established risk factors of renal cancer include tobacco smoking,
body size, history of hypertension and chronic kidney disease (5, 6). However, they do not
sufficiently explain these geographical and ethnic differences. Additional investigation is
required to identify other suspected risk factors, which can improve prevention of renal cancer.

Emerging evidence have suggested a potential relationship between cancer development and
diets associated with glucose and insulin metabolism. Hyperglycemia is associated with greater
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cancer risk and progression (7). This cancer-promoting effect may
be mediated by systemic effects of insulin/insulin-related growth factor-1
(IGF-1) and inflammatory signaling. Direct uptake of glucose by cancer
cells may also lead to epigenetic and biosynthetic changes (8). Glycemic
index (GI) is a scale of zero to 100 for ranking carbohydrate-rich foods
based on how quickly and how much they raise blood sugar levels after
eating. Glycemic load (GL), a related measure, is a ranking system that
takes into account the GI of a food and the carbohydrate content in a
serving. High GI or GL has been associated with an increased risk of
cardiovascular disease incidence and mortality (9-11) and some types of
cancer (e.g., breast cancer) (12). A few prospective studies also have
examined the potential association between dietary GI or GL and risk of
renal cancer, with controversial results (13-15). A previous meta-analysis
reported a significant positive association between GI and the risk of renal
cancer (16). Given the potential impact of glucose and insulin on cancer,
and limited evidence with mixed findings regarding GI and GL in relation
to renal cancer risk, we investigated the associations of GI and GL with
renal cancer risk within the large prospective Prostate, Lung, Colorectal
and Ovarian (PLCO) Cancer Screening Trial.

2. Methods
2.1. Study population

PLCO screening trial was initially designed to evaluate whether
screening tests might decrease mortality from prostate, lung, colorectal,
and ovarian cancers. PLCO trial included 154,897 individuals aged 55
to 74years at the inception of the study, recruited from 10 medical
centers throughout the US from 1993 to 2001 (17). At enrollment,
participants answered self-administered baseline questionnaire (BQ)
and provided information on demographic information, medical
history, anthropometric factors (i.e., height and weight), health
behaviors, sex-associated exposures and other relevant factors. For the
current analysis, 4,918 participants were excluded because of a lack of
BQ data. We further excluded participants who did not complete a
valid questionnaire or had history of cancer (n=48,237), those had the
highest or lowest 1 percentile of calorie intake (n=546), and follow-up
time was missing (1 =6). Ultimately, this resulted in the inclusion of
101,190 participants. The study protocol was approved by the
institutional review boards of all participating centers, and all
participants provided written informed consent (18). Our study was
approved by the NCI with the project number of PLCO-1020.

2.2. Dietary assessment

The Diet History Questionnaire (DHQ) version 1.0 (National
Cancer Institute, 2007) is a food frequency questionnaire that was
added in 1998 and was administered to both arms of the trial. The
DHQ collected a list of foods eaten in the past 12months. The
frequency and quantity of intake of 124 food items and supplement
use were recorded (19). The DHQ has been found to do as well as or
better than two widely used FFQs when the PLCO trial was conducted
(19). The complete list of the GI and GL values for each food were
based on the recent international tables (20) to find the optimal match
as previously described (21). Weighted mean method was used to
calculate the sex and serving size specific GLs for 225 food groups (19,
22). Each food’s GL was multiplied by the frequency of consumption
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of the food per day to calculate dietary GL for each participant. Daily
GI was then calculated by dividing GL by total available carbohydrate
intake and multiplying the result by 100. Total carbohydrates were
classified as total available carbohydrates minus total dietary fiber.

2.3. Case ascertainment

Individuals were followed until cancer diagnosis or death, or end
of follow-up (December 31, 2009). Participants were asked to update
information about their health periodically with a self-administrated
questionnaire. Participants were asked to identify whether and what
type of cancer they had been diagnosed with in the previous year. The
information of diagnosis date and location were also collected. Cancer
registries, death certificates and physician reports also have been used
as to provide additional data in cancer incidence. Medical record
abstraction was performed by trained personnel to pathologically
confirm all cancers. In this study, renal cancer case was defined as
malignant neoplasm of renal parenchyma and renal pelvis coded
using ICD-O-2 codes (C649 and C659).

2.4. Statistical analysis

The baseline information of the participants was presented by
tertiles of dietary GI and GL. Hazard ratios (HR) with 95% confidence
intervals (CIs) were evaluated using Cox proportional hazards
regression models adjusted for the following potential confounders
including age, sex, race, body mass index (BMI), education level,
smoking status, drinking status, marital status, and total energy intake.
We used Schoenfeld residuals to examine the proportionality of
hazards (PH) assumption and no violation was found (23). To
examine potential nonlinear associations, a restricted cubic spline
model (24) with three knots (placed at the 10th, 50th, and 90th
percentiles) was used to model a smooth curve. In sensitivity analysis,
cancer cases occurring in the first two years of follow-up were
excluded to minimize reverse causality. All statistical analyses were
conducted using the software STATA version 15 (Stata Corp, College
Station, TX, USA), with p<0.05 considered statistically significant.

3. Results
3.1. Study characteristics

After a median of 12.2years of follow-up, 443 incident renal
cancer cases were identified. GI and GL from diet ranged from 32.97
to 79.16 (median value: 53.62) and from 9.97 to 494.89 (median value:
101.645), respectively. Participants with the highest GI or GL (i.e.,
tertile 3), compared with those with the lowest GI or GL (i.e., tertile
1), were more often men and current or former smokers. They also
had higher total energy intake, were more likely to be black race, and
had a higher BMI on average at baseline (Tables 1, 2).

3.2. Dietary Gl or GL and renal cancer risk

As shown in Table 3, in categorical analysis with a maximally
adjusted model, GI was significantly positively associated with

frontiersin.org


https://doi.org/10.3389/fnut.2023.1073373
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

Qietal.

10.3389/fnut.2023.1073373

TABLE 1 Main characteristic of participants in the PLCO cancer screening trial by GI.

Variables Q1 (n=33,763) Q2 (n=33,702) Q3 (n=33,725) p value
Age (y), mean+SD 62.4(5.3) 62.5(5.3) 62.3(5.2) <0.001
Male (1, %) 14,529 (43.0%) 16,641 (49.4%) 17,909 (53.1%) <0.001
Arm (n, %) <0.001
Screen 17,469 (51.7%) 17,138 (50.9%) 16,924 (50.2%)

Control 16,294 (48.3%) 16,564 (49.1%) 16,801 (49.8%)

Smoking (1, %) <0.001
Never 16,626 (49.2%) 16,537 (49.1%) 15,202 (45.1%) <0.001
Current 2,745 (8.1%) 2,835 (8.4%) 3,741 (11.1%)

Former 14,388 (42.6%) 14,323 (42.5%) 14,780 (43.8%)

Missing 4 (<1%) 7 (<1%) 2 (<1%)

Education (1, %) <0.001
<High school 12,735 (37.7%) 13,716 (40.7%) 16,177 (48.0%)

>Some college 20,959 (62.1%) 19,923 (59.1%) 17,484 (51.8%)

Missing 69 (0.2%) 63 (0.2%) 64 (0.2%)

BMI (n, %) <0.001
<25.0kg/m’ 12,175 (36.1%) 11,250 (33.4%) 10,878 (32.3%)

>25.0kg/m* 21,140 (62.6%) 22,021 (65.3%) 22,392 (66.4%)

Missing 448 (1.3%) 431 (1.3%) 455 (1.3%)

Race (1, %) <0.001
White, Non-Hispanic 31,532 (93.4%) 30,908 (91.7%) 29,611 (87.8%)

Other 2,220 (6.6%) 2,782 (8.3%) 4,100 (12.2%)

Missing 11 (<1%) 12 (<1%) 14 (<1%)

Drinking (n, %) <0.001
Never 3,430 (10.2%) 3,242 (9.6%) 3,413 (10.1%)

Former 4,275 (12.7%) 4,542 (13.5%) 5,862 (17.4%)

Current 25,194 (74.6%) 25,009 (74.2%) 23,362 (69.3%)

Missing 864 (2.6%) 909 (2.7%) 1,088 (3.2%)

Total energy intake (kcal/d), mean +SD 1692.8 (704.3) 1736.0 (691.5) 1751.2 (714.8) <0.001

GI, glycemic index; PLCO, prostate, lung, colorectal and ovarian; y, year; SD, Standard deviation; BMI, body mass index.

renal cancer risk (HRqssqi: 1.38; 95% CI: 1.09-1.74; p for
trend = 0.008). When GI was treated as a continuous variable, the
HR (95% CI) of one-SD increment in the GI for renal cancer risk
was 1.15 (1.04-1.26). HRs for renal cancer risk across GL tertiles
are also presented in Table 3. After adjusting for various potential
confounders, there was no significant association between GL and
renal cancer risk (HRgsqi=1.12, 95% CI=0.79-1.59, p for
trend =0.591). The results did not differ by continuous analysis.
The HR (95% CI) of one-SD increment in the GL for renal cancer
risk was 1.06 (0.89-1.28).

3.3. Additional analyses

The results of subgroup analyses based on several potential
effect modifiers have been summarized in Tables 4, 5. The
association between GI and renal cancer was more significant for
studies conducted in male (HRqsysq1 = 1.40, 95% CI=1.04-1.88), in
white (HRgpuor =1.51,  95%

non-Hispanic  population
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CI=1.18-1.93) and in participants with BMI>25.0kg/m’
(HRgsvsq1 = 1.45, 95% CI=1.10-1.90). No significant associations
were observed in any subgroups of the association between GL and
renal cancer. Spline regression plots of renal cancer risk in relation
to GI or GL are shown in Figure 1, which revealed a higher risk of
renal cancer with a higher GI but not GL. There was no statistical
evidence for nonlinearity (p for nonlinearity >0.05). In sensitivity
analysis, there was little change in the findings after excluding
cases who were diagnosed within the first two years of follow-up
(GI: HR sy 1.38; 95% CI: 1.09-1.76; GL: HRayen = 1.11, 95%
CI=0.78-1.58).

4. Discussion

In this large prospective PLCO cohort, there was a statistically
significant association between dietary GI and renal cancer risk. No
obvious association between GL and renal cancer risk was observed.
Similar results were obtained when excluding cases diagnosed within
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TABLE 2 Main characteristic of participants in the PLCO cancer screening trial by GL.
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Variables Q1 (n=33,732) Q2 (n=33,735) Q3 (n=33,723)

Age (y), mean+SD 62.5(5.3) 62.6 (5.3) 62.2 (5.3) <0.001
Male (1, %) 11,540 (34.2%) 15,654 (46.4%) 21,885 (64.9%) <0.001
Arm (1, %)

Screen 17,263 (51.2%) 17,144 (50.8%) 17,124 (50.8%) 0.52
Control 16,469 (48.8%) 16,591 (49.2%) 16,599 (49.2%)

Smoking (1, %) <0.001
Never 16,132 (47.8%) 16,398 (48.6%) 15,835 (47.0%)

Current 3,187 (9.4%) 2,906 (8.6%) 3,228 (9.6%)

Former 14,411 (42.7%) 14,424 (42.8%) 14,656 (43.5%)

Missing 2 (<1%) 7 (<1%) 4 (<1%)

Education (n, %) <0.001
< High school 14,507 (43.0%) 13,970 (41.4%) 14,151 (42.0%)

> Some college 19,155 (56.8%) 19,694 (58.4%) 19,517 (57.9%)

Missing 70 (0.2%) 71 (0.2%) 55 (0.2%)

BMI (1, %) <0.001
< 25.0kg/m? 11,843 (35.1%) 11,863 (35.2%) 10,597 (31.4%)

> 25.0kg/m? 21,436 (63.5%) 21,449 (63.6%) 22,668 (67.2%)

Missing 453 (1.3%) 423 (1.3%) 458 (1.4%)

Race (1, %) <0.001
White, Non-Hispanic 30,713 (91.1%) 30,959 (91.8%) 30,379 (90.1%)

Other 3,005 (8.9%) 2,766 (8.2%) 3,331 (9.9%)

Missing 14 (<1%) 10 (<1%) 13 (<1%)

Drinking (n, %) <0.001
Never 3,445 (10.2%) 3,374 (10.0%) 3,266 (9.7%)

Former 4,510 (13.4%) 4,764 (14.1%) 5,405 (16.0%)

Current 24,756 (73.4%) 24,669 (73.1%) 24,140 (71.6%)

Missing 1,021 (3.0%) 928 (2.8%) 912 (2.7%)

Total energy intake (kcal/d), mean +SD 1123.3 (332.0) 1633.5 (348.0) 2423.3 (630.8) <0.001

GL, glycemic load; PLCO, prostate, lung, colorectal and ovarian; y, year; SD, Standard deviation; BMI, body mass index.

TABLE 3 Associations between GI/GL and renal cancer risk in the PLCO cancer screening trial.

. . Crude HR Adjusted HR
Variables Median Cohort (n) Cases (n) (95% CI) (35% Cl)*
GI
Q1 (<52.29) 50.51 33,763 118 Reference group Reference group
Q2 (>52.29 to <54.94) 53.62 33,702 148 1.25 (0.98-1.59) 1.19 (0.93-1.51)
Q3 (> 54.94) 56.59 33,725 177 1.51 (1.20-1.91) 1.38 (1.09-1.74)

p for trend <0.001 p for trend=0.008
GL
Q1 (< 85.06) 67.46 33,732 124 Reference group Reference group
Q2 (> 85.06 to <120.26) 101.51 33,735 157 1.24 (0.98-1.57) 1.17 (0.91-1.51)
Q3 (= 120.26) 148.19 33,723 162 1.29 (1.02-1.63) 1.12 (0.79-1.59)
p for trend=0.045 p for trend=0.591

*Adjusted for age (categorical), sex (male vs. female), race (non-Hispanic white vs. Other), body mass index (< 25kg/m?* vs. > 25kg/m?), education (< high school vs. > some college),
smoking status (never vs. former vs. current), drinking status (never vs. former vs. current) and total energy intake (continuous). GI, glycemic index; GL, glycemic load.
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TABLE 4 Subgroup analyses between Gl and renal cancer risk.

10.3389/fnut.2023.1073373

Variables Q1 Q2 (@K p for interaction
Sex >0.05

Male Reference 1.19 (0.87-1.61) 1.40 (1.04-1.88)

Female Reference 1.18 (0.80-1.75) 1.32(0.89-1.95)

Race <0.05

White, Non-Hispanic Reference 1.20 (0.93-1.54) 1.51 (1.18-1.93)

Other Reference 1.09 (0.50-2.38) 0.48 (0.20-1.14)

BMI (1, %) >0.05
<25.0kg/m’ Reference 0.97 (0.60-1.58) 1.19 (0.75-1.89)

>25.0kg/m* Reference 1.26 (0.95-1.67) 1.45 (1.10-1.90)

GI, glycemic index; BMI, body mass index.

TABLE 5 Subgroup analyses between GL and renal cancer risk.

Variables Q1 Q2 (@K p for interaction
Sex >0.05
Male Reference 1.18 (0.84-1.66) 1.14 (0.74-1.76)
Female Reference 1.11 (0.73-1.70) 1.00 (0.51-1.95)
Race >0.05
White, Non-Hispanic Reference 1.19 (0.91-1.56) 1.22 (0.84-1.76)
Other Reference 0.98 (0.42-2.25) 0.37 (0.10-1.42)
BMI (n, %) >0.05
<25.0kg/m’ Reference 1.14 (0.68-1.89) 0.78 (0.37-1.62)
>25.0kg/m’ Reference 1.17 (0.87-1.59) 1.25(0.84-1.88)
GL, glycemic load; BMI, body mass index.
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FIGURE 1
Spline regression plots of renal cancer risk in relation to (A) glycemic index (Gl) and (B) glycemic load (GL). Hazard ratios (HRs) were calculated after
adjusting for age (categorical), race (White, Non-Hispanic vs. Other), education (< high school vs. > some college), smoking status (never vs. former vs.
current), drinking status (never vs. former vs. current), body size (<25kg/m? vs. >25kg/m?), and dietary energy intake (continuous). The histograms show
the percentage of participants (left y axis) in each level of Gl or GL.

the first two years of follow-up. Findings from continuous analyses  of renal cancer (poled RR 1.16, 95% CI 1.02-1.32). GL was not
significantly associated with renal cancer risk (pooled RR 1.14, 95% CI
0.81-1.60). However, only five studies (three case-control and two cohort

studies) were eligible in this meta-analysis. Case—control studies were

and spline regression plots were comparable with the results in
main analyses.

These results, which were based on a large prospective cohort study,
were consistent with our previous findings based on a meta-analysis (16). ~ more likely to be prone to recall bias and select bias. The evidence on the

A significant positive association was observed between GI and the risk  association between GI or GL and renal cancer risk may be still limited
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and not robust. Therefore, we further performed an analysis based on a
large US cohort. As a result, we also found a significant association
between GI and renal cancer risk and no association was observed for GL
in PLCO cohort, which further enhanced the current evidence.

In subgroup analyses for GI, a more significant association was
observed in male, in white non-Hispanic population and in
overweight/obese participants, which suggested a potential differential
susceptibility. The incidence of renal cancer has obvious ethnic and
sex differences. In addition. A high BMI is also a well-established risk
factor for renal cancer.

Several mechanisms have been proposed to explain a potential
association between dietary GI and human cancers. Foods with a high
GI will increase the concentration of glucose and insulin in blood and
thus induce hyperinsulinemia (25, 26). Hyperinsulinemia can increase
the insulin-like growth factor-1 (IGF-1) expression (27). Higher IGF-1
has been reported to be modestly associated with increased risk of
overall cancer risk, including kidney cancer based on a cohort study
analysis from the UK Biobank (28). Previous studies have
demonstrated that IGF-1 pathway plays an important role in cell
proliferation and apoptosis resistance in renal cell carcinoma (29). In
addition, long-term exposure of tubular cells to hyperglycemia can
lead to disturbances in DNA repair mechanisms, which may drive and
promote renal cancer development (30).

Several limitations of the current study should be acknowledged.
First, the outcome of this study was renal cancer incidence.
Although we have excluded the renal pelvis cancer, we were not able
to further classify the types of renal cancer because of the limited
data on original questionnaire. Second, the majority of GI values
(32.97 to 79.16, median value: 53.62) centered around the middle
of the theoretical range for GI (i.e., 0-100) in PLCO trial. Therefore,
it was hard to evaluate the effects of different levels of GI unless it
is a strong cancer risk determinant at middle values (31). Third,
dietary questionnaire used in PLCO cohort was self-administrated,
which may cause some measurement error (32). In addition, dietary
intake was assessed only once at baseline and any changes in diet
during follow-up could not be examined. Finally, although the
statistical models were adjusted for various important confounders,
a certain degree of residual confounding may be unavoidable
because of collinearity from other nutrients,
particularly macronutrients.

This study had some unique strengths. As a prospective study, the
chance of reverse causality from subclinical disease-causing changes
in diet was small and the recall bias was avoided as the exposure was
preceding the onset of cancer. This study included almost 100,000
participants with a median of 12.2 years of follow-up, which provided
strong power to detect differences in renal cancer incidence if they
truly existed. Additionally, the rate of participants lost to follow up was
very low in PLCO study. The large study population was recruited
from institutions across the United States, which improved the
generalizability. The availability of data on various potential
confounders made comprehensive adjustment possible. Lastly the
methods used to assign GI and GL values to foods was rigorous, which
was based on American data wherever possible (21).

In summary, analysis of the PLCO cohort suggested that diets
high in GI was associated with greater renal cancer risk. If confirmed
in other populations and settings, dietary GI could be considered as a
modifiable risk factor for renal cancer prevention.
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The "big food view" has attracted widespread attention due to the view of
sustainable nutrition and human health as part of sustainable development. The
"big food view” starts from better meeting the people’'s needs for a better life.
While ensuring the supply of grain, the effective supply of meat, vegetables,
fruits, aquatic products and other foods also should be guaranteed. Using cell
factories to replace the traditional food acquisition methods, establishing a new
model of sustainable food manufacturing, will greatly reduce the demand for
resources in food production, and improve the controllability of food production
and manufacturing, and effectively avoid potential food safety and health risks. Cell
factories can provide key technologies and supporting methods for the biological
manufacturing of important food components, functional food ingredients and
important functional nutritional factors, realizing a safer, nutritious, healthy and
sustainable way of food acquisition. The combination of cell factory technology
and other technologies meets the people’s new dietary demand, and also supports
that sustainable nutrition and human health as part of sustainable development.
This paper focuses on the big food view and human health from the prospect of
bio-manufacturing and future food, which aims to better meet people’s dietary
needs for increasingly diversified, refined, nutritious and ecological food through
diversified food manufacturing.

KEYWORDS

big food view, bio-manufacturing, cell factory, future food, sustainable nutrition

Introduction

Recently, the “big food view” has attracted widespread attention due to the view of
sustainable nutrition and human health as part of sustainable development (1). The “big food
view” is to “start from better meeting the people’s needs for a better life.” While ensuring the
supply of grain, the effective supply of meat, vegetables, fruits, aquatic products and other
foods also should be guaranteed. It includes the structure adjusting and regional layout of
the food production, enrich and expand food sources, and actively promote agricultural
supply-side reforms based on demand, which fully embodies the concept of “innovation,
coordination, green, openness and sharing.”

Healthy, safe, and sustainable food manufacturing is a key element of human health
and sustainable social development. The active application of cell factories in the field
of food manufacturing has vigorously promoted the rapid development of new foods
such as artificial meat, milk, and eggs, becoming an effective way to relieve agricultural
pressure and meet the growing food demand (2). As an emerging technology, the use of
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cell factories to replace traditional food acquisition methods and
establish a new sustainable food manufacturing model will greatly
reduce the demand for resources in food production, and improve
the controllability of food production and manufacturing (3). In
the future, this technology is expected to end the use of pesticides
and fertilizers, reduce land dependence and pollution, promote the
development of agricultural industrialization, and truly realize a
new model of efficient, low-carbon and green food production,
and expected to become an important guarantee for the “big food
view” (4).

This concept is to comply with the changing trend of the
people’s food consumption structure and ensure that the people
eat safe, healthy and nutritionally balanced. In the new era, food
consumption has shifted from quantity to quality, and residents
are more inclined to buy low-fat, high-protein animal food (5,
6). The increase in the consumption demand of processed food
by urban and rural residents is more reflected in the increase
of the demand for safe, green and nutritious processed food
(7). According to the changing trend of people’s consumption,
improving the quality and diversity of agricultural products and
processed food needs to meet people’s demand for food from the
supply side and the demand side. On the one hand, the “big
food view” requires the government and enterprises to promote
the high-quality and differentiated development of agricultural
products and food industries, and make efforts from the supply
side to meet the people’s needs for food diversification, refinement,
and nutrition. On the other hand, it requires efforts to promote
the renewal of food consumption methods from the demand
side (8).

Establishing a “big food view” will subvert the production
model of traditional planting and aquaculture, and lead the
development of the future food industry (9, 10). Building a “big
food view” is inseparable from the innovation of future food
technology, which is also a key area for future food production
to tackle key problems (11). It requires the use of future
food technology, especially food synthetic biotechnology, through
factory fermentation production to replace traditional planting
and breeding production methods, to make breakthroughs in
large-scale, low-cost, sustainable high-efficiency manufacturing of
food raw materials such as protein, starch and oil, to achieve
“industrialization of agricultural production” (12). For instance,
an emerging agricultural method, fish-vegetable symbiosis, uses
the symbiosis between fish and plants to uniquely combine
hydroponics in a circular aquaculture system with hydroponics
in a closed-loop system, in fish-vegetable symbiosis, water is
recirculated in a closed loop around the system (13). It also
requires future food technology to ensure the high-quality supply
of food. For important food ingredients and food functional
factors that affect food texture, flavor and nutrition, bio-
manufacturing technology is needed to help food precision
nutrition and intelligent manufacturing (14). The fourth industrial
revolution (Industry 4.0) has revolutionized the way in which
food is produced, transported, stored, perceived, and consumed
worldwide, leading to the emergence of new food trends (15).
The Food Industry 4.0 era has been characterized by new
challenges, opportunities, and trends that have reshaped current
strategies and prospects for food production and consumption
patterns (16).
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The necessity of the concept of “big
food view”

The “big food view” needs to be oriented to the “big
system,” which includes traditional crops and livestock and poultry
resources, as well as special new foods such as artificial milk and
artificial meat. To meet this huge demand for food consumption in
the world, it is only possible to develop food resources in multiple
ways and to develop diverse food varieties.

Quantitative security is always the basis and premise of food
security. As people’s needs for a better life continue to grow and
their expectations for safe and high-quality food grow stronger,
food security requires not only a stable increase in the quantity
of food, but also a simultaneous improvement in food quality.
This requires promoting the transformation of food supply from
“quantity-based” to “combining quality and quantity, improving
quality and ensuring quantity,” and accelerating the construction
of a consumption-driven, rationally structured, and effective food
supply guarantee system to better meet the growing consumer
demand. On the premise of fully assessing the carrying capacity
of resources and the environment and ensuring ecological security
in an orderly and reasonable manner, it is necessary to promote
the formation of a modern agricultural production structure and
regional layout that is in line with market demand and with the
carrying capacity of resources and the environment.

The “big food view” is a continuation of the new era
of ecological civilization ideas such as “lucid waters and lush
mountains are invaluable assets.” Its essence is to achieve the
balanced development of ecological protection and agricultural
and rural modernization, and to ask for food from mountains,
rivers, forests, fields, lakes, grass, and sand on the premise of
ensuring ecological security in a reasonable and orderly manner.
It is necessary to further broaden the horizons of agricultural
talents, and deeply understand the rich connotation of the life
community of “landscapes, forests, fields, lakes, grass, and sand”
from the perspective of “big food view.” Not just asking for
food, but also paying attention to the protection of the ecological
environment, unswervingly taking the road of ecological priority
and green development, and promoting the integrated protection
and systematic management of mountains, rivers, forests, fields,
lakes, grass, and sand. Agricultural talents should not only study
how to improve water quality, soil quality, and agricultural product
quality, but also conduct in-depth research on the living space,
habitat space and migration system of animals and plants, so as
to achieve a win-win situation in meeting the diverse food needs
of the people and protecting the ecological environment, so as to
promote more sustainable development.

The application of “big food view" in
emerging technology

Building a “big food view” is inseparable from the innovation
of future food technology, which is also a key area for future food
production to tackle key problems. Through the supporting role of
science and technology, we can search for food from forests and
rivers, lakes and seas. At the same time, we can expand biological
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resources, develop biotechnology and bio-industry, and obtain
energy from plant, animal and microorganisms (17).

Cell factories

In the face of environmental pollution, climate change and
increasingly depleted non-renewable resources, how to ensure a
healthy, safe and sustainable food supply faces enormous challenges
(18). Using cell factory manufacturing to replace traditional
food acquisition methods and establishing a new sustainable
food manufacturing model will greatly reduce the demand for
resources in food production, reduce greenhouse gas emissions,
improve the controllability of food production and manufacturing,
and effectively avoid potential food production (19). Using cell
factories to improve the synthesis efficiency of important food
components, functional food additives and nutritional chemicals is
an important research direction to solve the current problems faced
by food manufacturing.

Cell factory-related technologies provide important technical
support for solving the challenges faced by food manufacturing,
and are an important research direction in the field of food (20).
Remarkable progress has been made in the bio-manufacturing of
typical food components represented by key components of plant
protein meat and artificial milk (21). The range of target products to
be synthesized is to be further expanded to create an “intelligent cell
factory” that will significantly improve the efficiency of synthesis
of food ingredients and functional foods. Important directions for
future research include the realization of whole-cell utilization and
industrial-scale preparation.

The cell factory can individually design and adjust products
according to requirements, which will be the future development
trend of green, safe and high quality food (22). The cell factory
will revolutionize the production and supply chain of agricultural
products, provide sustainable and healthier food for the growing
population, and provide irreplaceable support for the world’s
agricultural carbon peaking and carbon neutrality goals.

Artificial milk

Milk proteins are important component in animal milk,
which have various biological activities including easy uptake
and digestion, high nutrition and immunity enhancement (23).
Faced with issues such as sustainability, public health, and animal
welfare in dairy production, the research and development of plant-
or animal-sourced milk protein replacement technologies has
gradually attracted widespread attention (24). Although substantial
progress has been made, there are still many problems to be solved
in terms of flavor, taste, and functional properties.

Important progress has been made in recent years by using
innovative technologies such as synthetic biotechnology to build
cell factories with specific synthetic capabilities to produce various
agricultural products such as starch, protein, oil, sugar, milk, and
meat that humans need (25). The nutrition and flavor of artificial
milk are equivalent to natural milk, but it does not contain adverse
factors such as lactose, cholesterol, antibiotics and allergens. The
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TABLE 1 Commercialized artificial food currently developed.

Time (year) Event

2009 Beyond Meat Inc. was established in the United States, which
provided vegetable meat products

2011 Impossible Foods Inc. was established in the United States,
which sold meat free hamburgers and sauces

2019 Mycorena in Sweden produced Fungi-based alternative
protein for the food industry

2019 Nature’s Fynd in the United States produced microbial protein
meat and dairy substitutes

2019 The beef flavor vegetable meat was produced by Jinzi Ham Co.,
Ltd in P. R. China and Dupont in the United States

2020 KFC launched vegetable meat burgers and chicken nuggets

production process does not require breeding animals, which can
save resources and energy effectively, and will lead the future
development of food industry.

Artificial meat

The overall technical route of artificial food is to build a cell
factory to synthesize artificial meat, eggs and milk, etc. by workshop
production, so as to relieve agricultural pressure and meet the
growing demand for food. Among them, artificial meat is an
emerging and breakthrough technology in the food field (Table 1).
The breakthrough in large-scale manufacturing technology of
artificial meat is expected to reduce the consumption of resources
and energy in traditional agriculture (26). In recent years, artificial
meat has attracted widespread attention due to its traceability,
high food safety and sustainable advantages. Artificial meat can
be divided into plant protein meat and cell-cultured meat (27).
The plant protein meat has relatively low cost, low technical
requirements, and high market acceptance. Therefore, it has the
advantages of mature technology and the potential for priority
development. A number of companies have developed plant
protein products using plant protein as raw materials and have
achieved commercial production. Cell-cultured meat is similar to
natural meat, but the cost is relatively high in the current stage,
and although the market potential is great, it still needs to be
fully developed.

Cell-cultured meat

Cell-cultured meat, also called cell-cultivated meat, refers to
meat that was produced by livestock and poultry stem cells using
tissue engineering technology to produce meat from cell culture
(28). In contrast to conventional meat, cell-cultured meat promises
to address animal welfare ethics, nutritional properties, and public
health issues (29).

At present, cell-cultured meat related products are still mainly
in the laboratory research stage, and more comprehensive research
and application promotion are needed for widespread market
recognition (30). Both plant protein meat and cell-cultured meat
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need to use key ingredients such as enzymes, vitamins and lipids
produced by microbial cell factories (31). The obtained food raw
materials and functional ingredients are organically integrated, and
finally a recombinant food with a harmonious flavor, stable texture
and high simulation is obtained (32).

Cell-cultured meat is commonly expected to alleviate the
environmental issues related to the agricultural sector. Nowadays,
the livestock operations has used most agricultural land and closely
related to the global climate change as well as land and water
pollution (33). The production of cell-cultured meat has also been
considered to enhance food security, and benefit for the unstable
climate conditions (34). The production inside sterile laboratories
or factory conditions reduces the concerns of food contamination.
Meanwhile, the production of cell-cultured meat prevents the
livestock-based infection of epidemics (35). To attract consumers in
comparison with conventional meats, the continuous development
of cell-cultured meat in sensory and nutritional characteristics is
demanded (36).

Regulation of cell-cultured meat

The regulations on cell-cultured meat are intended to facilitate
consumption and investment with a certain sense of safety and
assurance under scientific uncertainty. Constraints are possible
with naming regarding cell-based meats (37). Laws in the US and
EU limit the words including “milk” and “steak” for plant-based
alternatives, which will prevent the use of the word “meat” for
cell-cultured meat, and it reflects the pressure from traditional
livestock organizations.

Keeping the word “meat” to sell cell-cultured meat, make
the concept of meat more acceptable to ordinary people. The
production of cell-cultured meat demands funds for large-scale
production and governments are likely to lead in technical
innovation for alternative meats. Governmental policy for R&D can
also direct corporations to be greener in developing their products.
The spread of alternative meats production can also solve the issues
of the work environment in meat processing industries (38).

Although the production of cell-cultured meat may contribute
to the resilience of food systems, developing countries without
technologies and financial resources for investment may not
promote alternative meat production (39). The alternative meat
production raises the positive prospect to solve the environmental
issues related to current livestock production (40). The urban
population in these countries can reasonably depend on alternative
meats once the product becomes more common. The attitudes of
vegetarians toward cell-cultured meat are another issue. They can
eat cell-based meats because they solve the ethical problems about
meat production (41).

Recent studies have discussed the impact of cell-cultured
meat production on environmental factors, such as greenhouse
gases emissions, land use, energy use, and water use (42). The
production of cell-cultured meat demands much fewer resources
than European beef, and the greenhouse gases emission was
more than 78% less (21). The technological development of
cell-cultured meat can target the entire process of production
to consumption including texture refinement and composition
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improvement (43). Furthermore, the policies must integrate
social, ethical, and environmental concerns with energy-efficient
production and connect with current efforts on carbon peaking
and carbon neutrality goals and biodiversity conservation. The
production of cell-based meats continuously demands sound
science-policy discussion to resolve the contestation over cell-based
meats, which will form the basis for current R&D activities and
future industrialization.

However, there is still a big gap between the quality of
artificial meat and real meat, and breakthroughs in texture
simulation, nutritional optimization, flavor adjustment, and
product customization are urgently needed. Using enzymes with
specific functions, can achieve structural strength modification,
structural hydrophilicity and hydrophobicity modification,
allergen degradation, protein utilization improvement, and
glycolipid protein integration, degradation of odor components
and enhancement of flavor substances. The synergistic utilization
of enzymes and flavor substances with specific functions will
improve the quality of artificial meat, and lay the foundation
for the customized process of finished products based on 3D
printing food.

3D printing

Three-dimensional (3D) food printing technology combines
3D printing and food manufacturing. The potential of delivering
personalized products tailored to meet the taste preferences and
specific dietary needs is one of the reasons for increasing researches
in this technology (44). With the increased living standards,
people have higher demand on healthy functional food and even
personalized food (45).

Food 3D printing can be blended with various raw materials
according to individual’s physical and nutritional status, so that
the functional factors such as protein, fat, dietary fiber, vitamins,
and minerals, are balanced according to the demand (46). In
food processing, and realize digital nutrition and complex food
design, which cannot be achieved by traditional food processing
methods (47).

The 3D food printing combines 3D printing technology
and food manufacturing and uses edible materials such as fruit
and vegetable juice and powder, starch, meat, chocolate, and
algae etc. as printing materials (48). As we know, the most
important feature/advantage of 3D printing is the creation of
complex 3D structures. But in food field, the potential of
delivering personalized nutrition and personalized food choice
may be the main reasons that the 3D food printing technology
is advancing so rapidly. 3D food printing technology can enable
formulation of food to meet the need of people having different
preferences for taste, dietary needs and physical condition such
as dysphagia (49). Specifically, tailored foods by adding specific
nutrients and functional compounds or eliminating/replacing
certain ingredients in the formulation can help promote health and
prevent diseases (50).

The 3D printing technology can seamlessly integrate nutrition,
enable manufacturing of personalized foods that satisfy the
requirements of consumers according to their occupation, gender,
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age, and lifestyle (51). Food with desirable texture has been
produced using 3D printing by developing different nozzles and
filling modes (52). The 3D printed foods can be popular and
more appealingly designed to cater for specific needs of the
children (53). 3D printing technology helps to create healthy snacks
with novel shapes and rich in vitamins and minerals, attracting
children and becoming a model of personalized food. In fact, 3D
printing enables manufacturing of personalized foods that have
both health promoting and enjoyment elements (54). 3D printing is
an innovation that promises to revolutionize food formulation and
manufacturing processes. Preparing foods with customized sensory
attributes from different ingredients and additives has always been
aneed (55).

The future task of the food industry is to focus on developing
robust 3D food printers, understand material printability, identify
unique food sources for printing, and simplify the technology for
convenient use by all. An added aspect is to focus on the effect
of pre- and post-printing operations on the quality and consumer
acceptance of 3D-printed foods, and overall process control. While
pre-processing involves alterations in material supply ingredients
to make a recipe compatible for printing, post-processing of
fabricated structures focuses on improving the palatability of 3D-
printed foods.

The significance and value of future
food

The manufacturing mode of the traditional food industry may
be changed in the future. It is mainly through the combination
of food and biotechnology to change the traditional methods
of cultivation and reproduction and production. The typical
representative is artificial meat, including plant protein meat made
from soybean and other plant protein as raw materials, and cell-
culture meat made from cells extracted from animals.

Food will make people and the earth healthier. The chronic
diseases are caused by the way people eat and drink. A large number
of medical studies showed that adding certain plant protein to
animal protein can significantly reduce the risk of death (56, 57).
Now, the way of livestock and poultry breeding to obtain animal
protein is much higher than that of plants, microorganisms to
obtain protein, in terms of resource occupation and environmental
impact. Substitute protein not only has the above resource and
environmental benefits, but also has obvious advantages over
traditional livestock and poultry breeding in terms of protein
production efficiency.

The core content of future food includes plant-based food,
alternative protein, food perception, etc. The development
of food in the future will highlight six “new”: breakthroughs
in food nutrition and health will become the new engine
of food development; the progress of physical properties
of foods will become a new source of food manufacturing;
the results of the detection and control of food hazards will
become a new support for active security; the innovation
of green manufacturing technology will become a new

driving force for the sustainable development of the
food industry; the revolution of intelligent equipment for

food processing will become a new driving force for the
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upgrading of the food industry; the integration of the whole
food chain technology will become a new model of the
food industry.

Conclusion

It is the starting point of the “big of food view” to
improve food production, improve quality and diversity through
scientific and technological innovation, at the same time open
up new food access so that people can have enough, good
and healthy food and better satisfy people who yearn for
a better life. Since the beginning of the new century, the
emerging science such as synthetic biology, bioinformatics,
bionics and artificial intelligence have developed rapidly, which
is promoting the transformation of agricultural production mode
from traditional agriculture and industrial agriculture to cell
agriculture. Cell factory is one of the main methods to solve
the major challenges of food in the future, including the
development and high-value utilization of new food resources
and the transformation of diversified food production mode. Cell
factories can personalized design and adjust products according
to requirements, which will be the future development trend
of green, safe and high-quality food. We should strengthen the
research and development of cell factory-related technologies,
and meet people’s new dietary needs through diversified food
manufacturing ways.
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recurrent aphthous stomatitis:
updated meta-analysis with trial
sequential analysis
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Safa A. Azim Osmant

!College of Dental Medicine, QU Health, Qatar University, Doha, Qatar, 2Department of Basic Dental
Sciences, Faculty of Dentistry, University of Science and Technology, Sana‘a, Yemen, *Department of
Maxillofacial Surgery and Diagnostic Sciences, College of Dentistry, Jazan University, Jizan, Saudi Arabia,
“Department of Oral Medicine, Oral Pathology and Oral Radiology, Faculty of Dentistry, Sana‘a University,
Sana‘a, Yemen, ®Vision College in Riyadh, Riyadh, Saudi Arabia, *Department of Oral Maxillofacial Surgery
and Diagnostic Sciences, College of Dentistry, Riyadh Elm University, Riyadh, Saudi Arabia

Background: Growing evidence suggests a significant association between
vitamin D deficiency and RAS. Hence, the present meta-analysis and trial
sequential analysis sought to investigate the potential association between low
serum vitamin D levels and RAS.

Methods: PubMed, Scopus, Embase, and Web of Science were comprehensively
searched on December 15t, 2022 to retrieve all relevant studies. The grey literature
was also searched via ProQuest. All case-control studies on the association
between vitamin D and RAS were considered. The quality appraisal of the included
studies was done using Newcastle-Ottawa scale. RevMan 5.0 and trial sequential
analysis (TSA) programs were used for analyses.

Results: A total of 14 case-control studies with 1468 subjects (721 RAS
patients and 747 controls) were included. The pooled data revealed a significant
association between low serum levels of vitamin D and the risk of RAS (mean
difference = — 8.73,95% Cl: — 12.02 to — 5.44, 12 = 94%, P < 0.00001). Additionally,
TSA findings indicated that the current studies surpassed the required information
size, confirming that the differences were reliable.

Conclusion: The available evidence suggests that Vitamin D deficiency may have
a role in the pathogenesis of RAS. Therefore, evaluation of vitamin D should
be considered in RAS patients. Additionally, the results support the possibility of
using vitamin D supplements in the management of RAS patients with inadequate
serum levels of vitamin D. Future interventional studies are required to evaluate
the benefits of vitamin D replacement in prevention and treatment of RAS.
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Introduction

Recurrent aphthous stomatitis (RAS) - also known as recurrent
aphthous ulcers or canker sores - is the commonest cause of oral
mucosal ulceration (1-3). RAS is a highly prevalent condition
affecting up to 25% of the general population, mainly adolescent
and young adults, although it can occur at any age (3, 4). It
is characterized by recurring, painful, ovoid or round, single or
multiple ulcers of the oral mucosa, and primarily affect the non-
keratinized mucosa (3, 4). The RAS-associated pain and discomfort
might be severe and impact the patients” quality of life adversely by
interfering with routine oral functions such as eating, swallowing,
and speaking (1, 3, 5). Clinically, there are three variants of RAS:
minor (less than 1cm in diameter), major (more than 1cm),
and herpetiform (2-3 mm across) (2-4). Minor RAS is the most
common form accounting for 90% of all RAS cases (1, 3).

Despite the extensive research done on the topic, the exact
etiopathogenesis of RAS remains unclear (1). An immunological
reaction to an unknown trigger is considered the most plausible
mechanism involved in the development of RAS (6, 7). Several
systemic and local factors increase predisposition to RAS including
psychological stress, genetic makeup, immunological dysfunction,
mucosal trauma, gastrointestinal disorders, hematological factors,
and nutritional and hematinic deficiencies (1, 3, 6-10). The
potential role of nutritional deficiencies of certain vitamins and
minerals has been explored extensively in the literature (10). In
this regard, numerous studies assessed hematinic and vitamins
deficiencies (such as, B-complex vitamins and Folic acid) in RAS
patients. However, the results remain inconclusive (11-16).

In recent years, the role of vitamin D in pathogenesis of several
oral diseases including RAS has generated a significant level of
interest (12, 14, 17, 18). Vitamin D, a lipid soluble secosteroid,
plays key biological roles in calcium-phosphorus homeostasis and
bone metabolism (17, 19). Recent evidence supports the role of
vitamin D in inhibition of inflammatory process: Vitamin D is
believed to modulate the immune system through inhibition of
maturation of dendritic cells, and establishing a balance between
different components of the immune system (17, 20, 21). In
regard to systemic health, vitamin D deficiency has been linked to
many disorders including hypertension, musculoskeletal disorders,
obesity, cancers and autoimmune diseases (17, 22-26). In relation
to oral health, a growing body of evidence links vitamin D
deficiency to several oral mucosal diseases such as oral lichen
planus and RAS (27, 28). In context of the latter, many recent
studies investigated the potential association between vitamin D
and the risk of RAS but showed inconsistent results (11-14, 28—
30). Our previous meta-analysis, which involved all relevant studies
published up to June 2019 (n = 5) revealed a significant association
between vitamin D deficiency and RAS (31). Since then, numerous
case-control studies have investigated the role of vitamin D in RAS,
and appeared to report variable results (11-14, 32-35). Hence, we
sought to update the available evidence regarding the potential
association between low serum levels of vitamin D and RAS,
supported by a trial sequential analysis (TSA). TSA is a novel
approach used in systematic reviews and meta-analysis to control
the random errors in the conventional meta-analysis and identifies
the information size and weather further studies are still required
or not (36).
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The focused research question for this study was: “Is low serum
level of vitamin D associated with RAS?

Methods

The present meta-analysis followed PRISMA 2020 guidelines
and PICO/PECO principles (37), and the protocol was registered
in PROSPERO (ID: CRD42022365428).

Eligibility criteria

All case-control and cohort studies that investigated
the association between serum levels of vitamin D (25-
hydroxycholecalciferol) and RAS, and fulfilled the following
criteria were considered eligible: (1) comprised systemically
healthy RAS subjects who were compared with systematically
healthy control subjects, (2) the outcome measures reported serum
levels of vitamin D quantitatively (mean + SD).

The exclusion criteria were: (1) Lack of control group, (2)
experimental studies, (3) case reports (4) case series, (5) missing or
inadequate quantitative data (means of vitamin D), (6) editorials,

and (7) review papers.

Search strategy

Two investigators independently conducted extensive online
searches on December 1, 2022 in PubMed, Scopus, Embase, and
Web of Science databases for all relevant studies from date of
inception till and including November 2022. The grey literature
was also searched via Proquest. The following Mesh terms and
free keywords were used for the electronic searches: “Stomatitis,
Aphthous”[Mesh] (for PubMed) OR “recurrent aphthous ulcers”
OR “aphthous ulcers” OR “recurrent aphthous stomatitis” OR
“recurrent aphthosis” OR “recurrent oral ulcer” Or “aphthous
stomatitis” AND “vitamin D” OR “25-hydroxycholecalciferol”
(Detailed search strategy is presented in Supplementary Table 1).
The online searches were supplemented with a manual search of
the references of the included studies. The retrieved studies were
then exported to EndNote program, and duplicates were removed.

Data extraction

Two investigators (NA, GA) independently extracted all
relevant data using a pre-designed form. The following data were
extracted: authors, year of publication, country, study design,
sample size, age of participants, the means and SD of serum levels
of Vitamin D (ng/mL).

Assessment of quality of evidence
Two investigators (NA, GA) independently assessed the quality

of the included studies using the Newcastle-Ottawa Scale (NOS).
The quality of each study was evaluated based on the following
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FIGURE 1
Flowchart of the study search strategy.

three domains: selection of cases and controls; comparability of
cases and controls; and assessment of the exposure. Subsequently,
each study was judged as either high quality (at least 7 stars);
moderate quality (46 stars); or poor quality (0-3 stars).

Data synthesis

Statistical analyses were conducted using Review Manager
(RevMan) Version 5.3 (Copenhagen: The Nordic Cochrane Centre,
the Cochrane Collaboration, 2014). The mean difference (MD) in
vitamin D between the two groups along with 95% confidence
interval (CI) were calculated. The heterogeneity across the included
studies was evaluated using the Cochrane Q test (x2 test)
and I-squared index (). A P-value of < 0.05 was considered
statistically significant.

Trial sequential analysis (TSA)

TSA software version 0.9.5.10 beta was used for TSA
(www.ctu.dlk/tsa). In brief, we used two-sided trial sequential

Frontiersin Nutrition

monitoring boundary type, and the required information size (RIS)
was estimated (36, 38).

Publication bias

Publication bias was assessed using funnel plot and Egger’s test.

Results

Study selection

A total of 273 records were retrieved from online searches, 161
of which were duplicates and were thus removed (Figure 1). The
titles and abstracts of the remaining 112 articles were screened
by two independent investigators (SA, GA) for inclusion. Of
these, 88 articles were found to be irrelevant and were excluded.
The full text of the potentially eligible 24 articles were read by
the two investigators, and 10 were excluded for various reasons
(Supplementary Table 2). Eventually, 14 studies were included in
the present meta-analysis.
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General characteristics of the included
studies

A total of 14 case-controlled studies comprising 1468 subjects
(721 RAS patients and 747 controls) were included in this meta-
analysis (11-14, 18, 28-30, 32-35, 39, 40). Six studies were
conducted in Turkey (12-14, 34, 39, 40), three in Iran (28, 30, 35),
one in Poland (18), one in India (33), one in Saudi Arabia (32), one
in the United Arab Emirates (11) and one in Iraq (29). The mean

10.3389/fnut.2023.1132191

age of study participants ranged from 29.26 to 40.60 years, and
from 27.44 to 40.80 years in the control groups. Two studies were
conducted in children with mean age ranging from 7.6 to 8.7 years
(34, 40). Of 721 RAS cases, around 56% (n = 404) were females
(Table 1). Eight studies (28-30, 32, 34, 35, 39, 40) included patients
with minor RAS, two studies (18, 33) included patients with minor,
major, and herpetiform RAS, and one study (12) included patients
with minor and major RAS, while three studies (11, 13, 14) did
not mention the type of RAS. All the included studies assessed the

TABLE 1 General characteristics of the included studies.

Author and country  Study Participants Diagnostic criteria of
year design No/gender/mean age RAS
(years)
RAS Controls
Koparal et al. (12) Turkey Case-control N:70 N:70 Minor, Major Clinical, NS
F:37, M:33 Age: F:34, M:36 history of recurrence RAS within >
40.60 Age:40.31 2-year
Mustafi et al. (33) India Case-control N: 40 N:40 Minor, Major, Clinical, ELISA
F: 18, M:22 Age: | F:18, M:22 Herpetiform history of RAS minimum 3
34.32 Age: 33.43 episodes within last 3 months
Oner et al. (41) Turkey Case-control N: 60 N: 70 NS Clinical, NS
F:34, M:26 Age: F: 41, M: 29 history of RAS > 3 times/year
31 Age: 36.1
Zakeri et al. (35) Iran Case-control N:43 N:43 Minor Clinical, ELISA
F:32, M:11 F:35, M:8 history of RAS at least 3
Age:32.56 Age: 33.74 periods/year
Al-Amad and UAE Case-control N:52 N:52 NS Clinical, ECLIA
Hasan (11) F:20, M:32 F:20, M:32 History of recurrence of similar
Age:34 Age:31 ulcers
Hussein et al. (32) KSA Case-control N:70 N:70 Minor Clinical, ELISA
F:39, M:31 F:33, M:37 history of minimum 3 ulcers/year
Age:29.26 Age:32.59
Nalbantoglu and Turkey Case-control N:72 N:70 Minor Clinical, EIA
Nalbantoglu (34) F:39, M:33 Age: F:34, M:36 history of RAS minimum 3
8.7 Age:7.6 episodes within last year
Tamer and Avci Turkey Case-control N:20 N:20 NS Medical records NS
(14) F:15, M:5 F:14, M:6
Age:34 Age:33.9
Ali (29) Iraq Case-control N: 30 N: 30 Minor Clinical, ELISA
F:30, M:0 Age: F:30,M: 0 history of RAS at least 3 times/year
36.4 Age: 33.6
Bahramian et al. Iran Case-control N: 26 N: 26 Minor Clinical, ECLIA
(28) F10, M:16 F:9, M:17 history of RAS at least 3 times/year
Age:38.8 Age: 40.80
Oztekin and Turkey Case-control N: 40 N: 70 Minor Clinical, ECLIA
Oztekin (39) F:25, M:15 Age: F: 38, M:32 history of RAS at least 3 times/year
31.2 Age: 27.44
Krawiecka et al. Poland Case-control N: 66 F:42, N: 66 Minor, Major, Clinical, ECLIA
(18) M: 24 Age: F:50, M: 16 herpetiform history of regular recurrence of
34.15 Age: 32.05 ulcers
Khabbazi et al. Iran Case-control N: 46 N: 49 Minor Clinical, history of at least 3 ELISA
(30) F:18, M: 28 Age: | F:19, M: 30 episodes per year.
334 Age: 34.1
Basarslan and Turkey Case-control N: 86 N:71 Minor Clinically and history ELISA
Kaba (40) F:45, M: 41 Age: F:31, M: 40
8.61 Age: 8.06

RAS, recurrent aphthous stomatitis; M, male; F, female; NS, Not Specified; ECLIA, electro-chemiluminescence binding assay; ELISA, enzyme-linked immunosorbent assay; EIA,
Enzyme immunoassay.
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TABLE 2 Summary of the main outcomes.

10.3389/fnut.2023.1132191

Vitamin D levels (hg/ml) Conclusion
RAS Controls

Koparal et al. (12) 22.16 £ 9.55 26.15+11.01 Vitamin D levels were significantly lower in RAS patients compared to controls (P = 0.019)

Mustafi et al. (33) 14.34 £6.73 26.23 +3.99 Vitamin D levels were significantly lower in RAS patients compared to control (P < 0.0001)

Oner etal. (41) 1242428 16.95 +4.10 Although RAS had lower serum vitamin D levels than controls, no statistically significant difference
was found between the groups (P = 0.056). Also, there was no significant association between
vitamin D levels and duration or frequency of RAS (P>0.05).

Zakeri et al. (35) 13.89 +8.19 22.59 £ 16.06 Vitamin D level in control group was significantly higher than in the case group (P = 0.002)

Al-Amad and Hasan (11) 53.6 +24.6 51.5+26.9 No significant difference was found between RAS patients and healthy controls (P = 0.68).
However, binary logistic regression showed a significant association between vitamin D deficiency
and number of RAS (P = 0.027)

Hussein et al. (32) 20.25 £ 6.01 29.92 £+ 6.80 The mean level of vitamin D in RAS group was significantly lower than the control group (P <
0.001). The results also showed a significant correlation between vitamin D deficiency and number,
frequency and severity of RAS (P < 0.0001)

Nalbantoglu and 16.4 £ 8.6 231+ 115 Vitamin D levels were significantly lower in RAS patients compared to control group (P = 0.002).

Nalbantoglu (34) There was no significant correlation between serum vitamin D levels and number, frequency,
healing time and severity of RAS

Tamer and Avci (14) 13.6 £6.5 20.9 £ 10 The mean serum vitamin D level was significantly lower in RAS patients compared to healthy
individuals (P = 0.01)

Ali (29) 13.90 £+ 12.72 22.08 £17.77 Vitamin D levels were significantly lower in RAS group (P = 0.045). There was a significant
correlation between the serum levels of 25(OH) D and the number RAS in each attack (r = 0.435; P
= 0.016). However, no significant correlation was found between serum Vitamin D levels and
duration and frequency of RAS

Bahramian et al. (28) 33.07 £ 12.41 50.89 & 9.30 RAS group showed significantly lower vitamin D levels than control group (P = 0.001)

Oztekin and Oztekin 11.00 & 7.03 16.4 £10.19 RAS group showed significantly lower vitamin D levels (P = 0.004). Yet, no significant association

(39) was observed between vitamin D levels and RAS size, healing time and frequency

Krawiecka et al. (18) 16.81 £ 8.45 19.22 £ 10.44 Although vitamin D levels were lower in RAS patients, the results were not statistically significant
(P =0.207). The lowest vitamin D level was observed in the most severe form of RAS (based on
frequency of RAS), but the results did not reach statistical significance (P = 0.074)

Khabbazi et al. (30) 12.10 +7.70 27.40 +£9.70 RAS group showed significantly lower vitamin D levels than control group (P = 0.001). Yet, no
correlation was found between vitamin D levels, duration, number of ulcers and frequency of RAS

Basarslan and Kaba (40) 12 +4.53 31+£7 Individuals with RAS revealed significantly lower vitamin D levels than healthy control group (P =
0.001)

RAS, recurrent aphthous stomatitis.

serum levels of vitamin D, seven of which used ELISA (enzyme-
linked immunosorbent assay) (29, 30, 32-35, 40), while four
studies (11, 18, 28, 39) used ECLIA (electro-chemiluminescence
binding assay). Three studies (12-14) did not mention the type
of the assay. With respect to diagnostic criteria of RAS, all
studies relied on clinical presentation and history of recurrence
of RAS, while one study did not provide sufficient information
(14) (Table 1).

Concerning the outcome measures, all studies assessed
and compared serum levels of vitamin D in RAS and
controls, and eight studies also (11, 13, 18, 29, 30, 32, 34, 39)
assessed the association between serum levels of vitamin
D and RAS variables such as
frequency (Table 2).

duration, severity, and

Quality of the included studies

A summary of the quality assessment of the included studies
is presented in Table 3. Of the included studies, 12 (12-14, 18, 28—

Frontiersin Nutrition

30, 32-35, 40) were of moderate quality, while two studies (11, 39)
were of high quality.

Qualitative results

Of the 14 included studies, 11 studies (12, 14, 28-30, 32—
35, 39, 40) found significantly lower serum levels of vitamin D in
RAS patients compared to the controls (Table 2); one study found
insignificant (P = 0.056) lower serum levels of vitamin D in RAS
patients (13); while two studies did not find any differences between
the two groups (11, 18).

Eight studies (11, 13, 18, 29, 30, 32, 34, 39) assessed
the association between serum levels of vitamin D and RAS
variables such as duration, severity, and frequency. Five studies
(13, 18, 30, 34, 39) found no significant association between
vitamin D and duration, frequency, and severity of RAS,
while three studies showed a significant association between
serum levels of vitamin D and number of RAS (11, 29, 32)
(Table 2).
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TABLE 3 Quality of studies assessed by Newcastle Ottawa Scale (case-control studies).

Selection Comparability Exposure Total score Quality
Koparal et al. (12) . e * 5 Moderate
Mustafi et al. (33) e o 5 Moderate
Oneretal. (41) o e . 6 Moderate
Zakeri et al. (35) * * * 5 Moderate
Al-Amad and Hasan (11) e e e 8 High
Hussein et al. (32) . . . 6 Moderate
Nalbantoglu and Nalbantoglu (34) . * o 5 Moderate
Tamer and Avci (14) e . 4 Moderate
Ali (29) e * . 6 Moderate
Bahramian et al. (28) o * * 6 Moderate
Oztekin and Oztekin (39) s e s 7 High
Krawiecka et al. (18) ok * . 6 Moderate
Khabbazi et al. (30) ok * . 6 Moderate
Basarslan and Kaba (40) o * o 6 Moderate
RAS Control Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI

Al-Amad & Hasan, 2020 53.6 24.6 52 515 26.9 52 4.7% 2.10[-7.81, 12.01]

Ali, 2019 13.9 12.72 30 22.08 17.77 30 5.6% -8.18 [-16.00, -0.36]

Bahramian et al., 2018 33.07 12.41 26 50.89 9.3 26 6.5% -17.82[-23.78,-11.86] —

Basarslan & Kaba, 2022 12 453 86 31 7 71 8.0% -19.00 [-20.89, -17.11] -

Hussein et al., 2020 20.25 6.01 70 29.92 6.8 70 7.9% -9.67 [-11.80, -7.54] -

Khabbazi et al., 2015 121 7.7 46 274 9.7 49 7.5% -15.30[-18.81,-11.79] &

Koparal et al., 2022 2216 9.55 70 26.15 11.01 70 7.5% -3.99 [-7.40, -0.58] =

Krawiecka et al., 2017 16.81 8.45 66 19.22 10.44 66 7.6% -2.41 [-5.65, 0.83] o

Mustafi et al., 2021 14.34 6.73 40 26.23 3.99 40 7.9% -11.89[-14.31,-9.47] o

Nalbantoglu & Nalbantoglu, 2019 16.4 8.6 72 231 115 70 7.6% -6.70 [-10.05, -3.35] -

Oner et al., 2021 12.42 2.8 60 16.95 4.1 70 8.1% -4.53 [-5.72, -3.34] 2

Tamer & Avi, 2019 13.6 6.5 20 20.9 10 20 6.8% -7.30[-12.53, -2.07] -

Zakeri et al., 2021 13.89 8.19 43 22.59 16.06 43 6.7% -8.70 [-14.09, -3.31] — =

Oztekin & Oztekin, 2018 11 7.03 40 16.4 10.19 70 7.6% -5.40 [-8.63, -2.17] =

Total (95% Cl) 721 747 100.0%  -8.73 [-12.02, -5.44] S o

Heterogeneity: Tau? = 34.39; Chiz = 223.11, df = 13 (P < 0.00001); I2 = 94% t t t y

Test for overall effect: Z = 5.20 (P < 0.00001) 20 gl o 10 20

: . 4 RAS Control
FIGURE 2
Meta analysis of vitamin D levels between RAS and controls.

Meta-analysis results

The pooled results of the 14 studies revealed a significant
association between low serum levels of vitamin D and the risk
of RAS (MD = - 8.73, 95% CI: - 12.02to — 5.44, I =94%, P <
0.00001 (Figure 2).

TSA results

Figure 3 depicts the TSA: The cumulative Z curves crossed
the conventional boundary and the trial sequential monitoring
boundary and surpassed the required information size (n = 443) as
well. As such, the evidence is reliable and confirmatory, and further
trials are no longer needed.
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Publication bias

The funnel plot (Figure 4) reveals symmetric distribution of the
included studies, indicating no publication bias.

Discussion

As discussed earlier, RAS is a common mucosal disease
that may impact adversely on the patients quality of life
(5). Despite a large body of research on the topic, the exact
etiopathogenesis of RAS remains unclear (I, 6, 10). Given the
lack of a specific etiology, RAS management is challenging
(2, 42-44). In light of the mounting evidence regarding the
potential role of vitamin D in the pathogenesis of certain oral
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mucosal diseases including RAS (13, 29, 31, 35), the present
meta-analysis was conducted to answer the following focused
question: Is low serum levels of vitamin D associated with
higher risk of RAS? Overall, the results of the pooled 14 studies
revealed a significant association between low serum levels of
vitamin D and the risk of RAS. Additionally, the result of
the meta-analysis was supported by the TSA findings, which
showed that the current studies surpassed the required information
size, confirming that the differences were reliable. However,
the qualitative analysis revealed conflicting results regarding the
association between serum levels of vitamin D and severity and
frequency of RAS.

The results of the present updated meta-analysis confirm
(31), and
previous systematic reviews and meta-analyses that found

our original meta-analysis substantiate many
significant associations between vitamin D deficiency and
several autoimmune diseases and dermatological conditions
such as lupus erythematosus, vitiligo, autoimmune bullous
dermatoses, rheumatoid arthritis, and primary Sjogren’s syndrome
(22-26). Interestingly, our results are in accord with a recent
clinical trial which investigated the efficacy of vitamin D
supplementations in RAS patients with vitamin D deficiency,
and reported a significant reduction in the frequency of RAS
episodes, number of ulcers, and duration of healing time after
one year (45). The exact mechanism behind the effects of vitamin
D on RAS is still unclear yet, but may be explained by its
immunomodulatory effects. Studies confirmed that vitamin D has
strong immunomodulatory effects on both innate and acquired
immunity responses, as well as on cytokines levels (20, 46, 47), all
of which are thought to be involved in the pathogenesis of RAS
(6,7, 10).

It is recognized that the level of any evidence obtained from
each meta-analysis is largely dependent on the quality of the
included studies. Hence, we meticulously scrutinized the quality of
all included studies using NOS, a reliable and validated appraisal
tool. The results showed that two studies were of high quality
(low risk of bias), and 11 were of moderate quality, and no study
was with low quality, suggesting fair evidence. Additionally, the
result of the meta-analysis was further substantiated by TSA results,
which further confirmed the reliability and conclusiveness of the
results (36).

The present updated meta-analysis has some limitations
that should be considered. The main limitation is the marked
heterogeneity across the included studies in terms of geography,
age of the participants, methods of vitamin D ascertainment, types
of RAS included, among others. This in turn may have biased the
results. Additionally, although the included studies were conducted
in different parts of the world and involved large samples (721
RAS cases and 747 controls), five studies (around 40% of the
included studies) came from one country, Turkey, and thus the
generalization of the results may not be appropriate.

In conclusion, the present updated meta-analysis confirms
the association between low serum levels of vitamin D and the
risk of RAS. Hence, vitamin D assessment may be considered
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in RAS patients. The results also support the use of vitamin
D supplementations in RAS patients with inadequate serum
levels of vitamin D. However, future interventional studies
(for prevention and/or treatment
the effect

are required.

purposes) investigating

of vitamin D supplements on RAS patients
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The effect of the antioxidant capacity of diet and its distribution across three
meals on mortality risk among cancer patients remains unexplored. We aimed
to prospectively investigate the association of dietary total antioxidant capacity
(DAC) and its distribution across three meals with all-cause, cancer, and
noncancer mortality among cancer survivors. We included 5,009 patients with
cancer from the National Health and Nutrition Examination Survey cond