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Abstract
The concept of precision nutrition highlights the customization of nutrition to specific needs, emphasizing
that a one-size-fits-all approach is not sufficient for either optimal nutrition or optimal health. Precision
nutrition encompasses a range of factors, from broad strata of age and sex categories to personal
characteristics such as lifestyle to an individual’s unique genotype. This breadth of scope requires us to
consider how precision nutrition can be implemented in an inclusive and appropriate way for individuals
and groups within real-life populations. In this narrative review, we explore the potential of precision
nutrition through a life-stage approach that emphasizes age- and gender-specific nutritional needs as these
change across the lifespan. Focusing on adult life stages, we delineated trends in age-related conditions and
health needs among Korean adults based on national-level survey data (KNHANES 2019-2021). We also
reviewed the intake of nutrients associated with these health needs to better understand how life-stage
guided approaches to nutrition and supplementation could support optimal health. Looking beyond
preventing deficiency or disease, we discuss how tailored supplementation of essential vitamins, minerals,
and certain bioactive substances could promote healthy functioning. Finally, we discuss the complexities
and challenges of developing multivitamin/multimineral supplements (MVMS) to support life-stage
appropriate nutrition while maximizing adherence. Future prospects include leveraging advancements in
intelligent technologies and dietary assessments for tracking nutrient intake and health indicators and using
these to optimize MVMS formulations in ways that are sensitive to a person’s needs and
priorities/preferences at different life stages. By adopting a life-stage guided approach to nutrition, we can
better support health and well-being across the lifespan.

Categories: Nutrition
Keywords: optimal health, health promotion, age grouping, precision nutrition, life stage nutrition, multivitamin and
mineral supplements, healthy aging, nutrition

Introduction And Background
From infancy through each stage of life, nutrition plays an important role in maintaining healthy
functioning and helping to prevent or delay the onset of disease and disability [1-3]. As nutritional
requirements change over the life course and also vary between individuals, nutritional recommendations
and interventions should be tailored accordingly: one size does not fit all [3-5]. Genetic, environmental, and
other factors contribute to inter-individual variability in nutritional requirements and responses to
nutritional interventions [3,4,6]. On the other hand, it is also widely documented that subgroups of similar
individuals within a population tend to respond in similar ways to nutritional exposures or interventions.
With these insights, precision nutrition was introduced as a concept for guiding nutritional
recommendations/interventions [4,7]. Although there is currently no universally accepted definition,
precision nutrition represents an inclusive, evidence-based approach to tailoring nutritional
recommendations/interventions based on biological, environmental, and other factors to optimize health
outcomes, e.g., by preventing/delaying disease onset or mitigating disease severity [4,5,7].

The International Society of Nutrigenetics/Nutrigenomics (ISNN) recognizes three broad levels of precision
nutrition (Figure 1): stratified nutrition, individualized nutrition, and genotype-directed nutrition [4].
Stratified nutrition approaches are based upon guidance for population groups defined by factors such as
age, sex, and other relevant determinants of health (e.g., socioeconomic status and cultural practices). More
precise, individualized nutrition approaches consider additional characteristics such as lifestyle, physical
activity levels, body composition, or biochemical and metabolic markers. Genotype-directed nutrition
integrates an individual’s genetic characteristics to develop precise, fully personalized recommendations
according to their unique patterns of characteristics and risk factors [4].
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FIGURE 1: Precision nutrition levels
This figure is modified from “Precision Nutrition” by Francesco Pettini, used under CC BY 4.0 via Wikimedia
Commons https://creativecommons.org/licenses/by/4.0.

In this review, we discuss the value of life-stage guided nutrition as a form of precision nutrition that is
sensitive to a person’s needs at each life stage. This article explores health needs, age-related conditions,
and trends in nutrient intake across life stages, reviews the importance of selected micronutrients in
maintaining healthy functioning in each life stage, and discusses future directions for this area. We focus
here on life-stage guided precision nutrition to support healthy functioning throughout early, middle, and
later adult life.

Review
Life-stage guided nutrition as a form of precision nutrition
An individual’s requirements for macronutrients and micronutrients to support optimal growth,
development, and function will change as they grow, develop, and age [8]. As the importance of life-stage
appropriate nutrition in child and adolescent growth and development has been well-described [9,10], this
paper focuses on the early, middle, and later stages of adulthood.

Even within defined life stages such as adulthood, nutritional and other health-related needs clearly vary
with age. It is, therefore, necessary to consider additional sub-stages that are grounded in biological and
other factors. Research by Erikson, Arnett, Lachman and others has delineated additional sub-stages based
on biological and psychosocial developmental transitions occurring from early to later adulthood [11-14].
These stages tend to cluster around certain age ranges, albeit with considerable individual variation
[11,13,14]. At the population level, age-related patterns of morbidity and health risks can be observed,
reflecting changes that affect physical and mental functioning as people age [15]. Therefore, standardized
age groupings within identified life stages can facilitate research, planning, and implementation of health
initiatives [16,17]. It is acknowledged that stages or sub-groupings might differ from population to
population, as well as being influenced by individual variability.

Within Korea, a rapidly aging society where the average life expectancy exceeds 80 years, there is
considerable awareness and interest in healthy living. Over the last decade, studies have shown increased
awareness and use of dietary supplements and other functional foods as part of individuals’ activities to
enhance personal health and well-being [18-20]. Although supplement use has become more prevalent
among Korean adults (increasing from 61% who regularly used supplements in 2018 to 75% in 2020), the
majority may not be meeting the recommended daily intake levels of several micronutrients, even with
dietary supplements [21]. The Korean population thus provides an opportunity to examine possibilities for
life-stage guided approaches to diet and supplementation that could help improve nutritional intake and
status.

Several studies on health and nutrition in Koreans have utilized sub-groupings corresponding to young,
middle, and later adulthood [22-29]. Young adulthood (approximately 19-39 years old) is widely recognized
as an important transitional period in which health behaviors and lifestyle patterns strongly influence
health and chronic disease risk in later life stages [22,23,27-32]. In middle adulthood (from 40-60 or 65 years
old, depending on the definition used), studies indicate an increased prevalence of metabolic syndrome after
age 40 and other chronic diseases after age 50 [26,33,34]. To help address a range of health challenges that
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become prominent in the transitional life-stage beginning at age 40 [35], a national screening program was
launched in 2007, targeting adults in this age group [36]. In 2021, the Korean Ministry of Food and Drug
Safety published dietary management guidance for “new middle-aged” individuals (50-64 years old) that
emphasizes preventive interventions such as healthy eating habits and adequate nutritional intake to
prepare for a healthier old age [37]. Considering the above, we note that the 2020 Korean Dietary Reference
Intake (KDRI) framework utilizes the following categories for adults: 19-29 years, 30-49 years, 50-64 years,
and older adults (65-74 and ≥75 years) [24,25], further supporting the relevance of these age groupings for
nutritional policy and interventions in the Korean population.

Dietary guidelines have identified some “nutrients of public health concern” and their associated indicators
[38]. While emphasizing healthy dietary patterns, it is also recognized that vitamin/mineral supplements can
be useful for individuals who face difficulties in meeting their needs for key micronutrients through food
alone [38]. An expert consensus concluded that multivitamin/multimineral supplements (MVMS) can
broadly improve micronutrient intakes in individuals/populations where consumption or bioavailability of
specific nutrients is insufficient, provided that these supplements contain at least the relevant nutrients in
question [39]. Beyond basic supplementation, experts noted that MVMS formulations may also be
individualized “according to age, sex, life cycle, and/or other selected characteristics” [39]. Whereas basic
MVMS can help individuals improve micronutrient intake to meet their present nutritional needs, more
specific life-stage guided approaches to supplementation may be desirable to optimize nutritional status and
maintain physiological reserves for life-long health and functioning.

Patterns of health needs and age-related conditions across life-stages
in Korean adults
Age is a prominent risk factor for many non-communicable and chronic diseases, the incidence of which
increases with age [40,41]. The typical age of onset varies between disease types, potentially resulting from
different rates of aging across the body’s organs and systems [42]. Additionally, distinct aging trajectories in
men and women have been described, attributed to the effects of hormones and other factors [43,44].
Patterns of disease burden can, therefore, be studied as proxies for health needs and risk factors in men and
women across life stages.

To better understand nutrition-related health needs and behaviors across life stages in Korean adults, we
undertook a descriptive analysis using nationally representative population health surveillance data for
Korea. The Korea National Health and Nutrition Examination Surveys (KNHANES) are conducted periodically
to assess health status and health-related behaviors, including food and nutrient intake, in the population.
We analyzed KNHANES 2019-2021 data (N=15,556) to delineate trends in common health conditions/health
needs and associated nutrient intake among Korean men and women aged ≥19 years.

We noted clear age-dependent patterns, with various health conditions increasing in prevalence from
younger to older age groups (Figures 2, 3, 4). The temporal patterns for some conditions (e.g., dry-eye
syndrome, osteoporosis, liver cirrhosis) also differed between men and women. Among the health conditions
examined, we noted earlier-onset and later-onset patterns. For example, the prevalence of dry-eye
syndrome appeared to increase markedly in women after age 30 (from 2.2% in those 19-29 years old to 9.7%
in those 30-49 years old), whereas age-related macular degeneration (AMD) became more common in later
life, after age 65. Among cardiometabolic conditions, hypertension and dyslipidemia became more common
in men and women from around age 50, and stroke, myocardial infarction (MI) or angina pectoris became
more common later in those above 65 years (Figure 2). Musculoskeletal conditions (arthritis, osteoporosis)
became more common around the age of 50, especially in women (Figure 3). The prevalence of osteoarthritis
was 3.5 times more common in women than in men, with notable differences from around the age of 50.
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FIGURE 2: Prevalence of cardiovascular conditions
MI, Myocardial Infarction

The dataset used for this analysis is obtained from the Korea Disease Control and Prevention Agency (KDCA),
https://knhanes.kdca.go.kr/knhanes/eng/index.do.
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FIGURE 3: Prevalence of musculoskeletal conditions
OA, Osteoarthritis; RA, Rheumatoid arthritis

The dataset used for this analysis is obtained from the Korea Disease Control and Prevention Agency (KDCA),
https://knhanes.kdca.go.kr/knhanes/eng/index.do.
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FIGURE 4: Prevalence of other conditions
The dataset used for this analysis is obtained from the Korea Disease Control and Prevention Agency (KDCA),
https://knhanes.kdca.go.kr/knhanes/eng/index.do.

The observed patterns for these population-level indicators suggest specific and distinct health needs in
Korean men and women at various life stages and across major areas of health, e.g., cardiometabolic and
musculoskeletal health. Younger men and women (19-29 years old) in Korea typically have a low risk of most
common health conditions, except for dry-eye syndrome (especially in women), although the prevalence of
dyslipidemia and hypertension starts to increase from age 30 onwards. Both men and women should pay
greater attention to bone health from the age of 30 to 40 when bone mass begins to decline [45]. The rate of
bone loss increases during mid-life, and after the age of 50, diagnosis of osteoporosis is markedly increased,
especially in women around the menopause transition [45]. Recent analyses have highlighted potential
calcium and vitamin D deficiency in Korean women aged 30 or older, especially in women over 50 [24,46-48].
Inadequate daily intake of calcium and vitamin D has also been widely reported [49-51]. Therefore,
throughout their 40-50s (the peri-menopausal period and the menopause transition), women would benefit
from ensuring adequate intake of nutrients that support overall, musculoskeletal and cardiometabolic
health. Together with maintaining a healthy body weight and levels of physical activity, this could help
reduce the impact of menopausal symptoms [52,53].

For men in Korea, supporting cardiometabolic health is likewise important, with dyslipidemia and
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hypertension prevalence starting to increase gradually from as early as age 30, and stroke and MI/angina
pectoris prevalence increasing markedly above the age of 50 (Figure 2). Cardiovascular conditions were also
more common among men than women in each age group. The notable increase in liver cirrhosis prevalence
in men above age 30 (Figure 4) highlights the need for attention to liver health among young adults since the
effects of liver damage can take ≥10 years to manifest [54,55].

Trends in nutrient intake among Korean adults
In view of the potential age group-specific health needs suggested by our analysis, we examined the intakes
of nutrients known to be important for these areas of health in the KNHANES data over the same period
(2019-2021). Based on mean daily intakes of nutrients in comparison with the corresponding estimated
average requirement (EAR), recommended nutrient intake (RNI) or adequate intake (AI) levels, a substantial
proportion of men and women may have inadequate intake of micronutrients, including calcium,
magnesium, omega-3 long-chain polyunsaturated fatty acids (n-3 LC-PUFAs), and vitamin D. Intake levels
below EAR (calcium and magnesium) and AI levels (n-3 LC-PUFAs and vitamin D) may be considered
inadequate. Among both men and women, daily intake of n-3 LC-PUFAs, calcium, vitamin D, and
magnesium remained relatively constant across life stages or slightly decreased in older age groups (Figures
5A-5D). The requirements for a number of nutrients remain relatively constant or even increase with age
(Table 1) [25], suggesting opportunities for emphasizing life-stage approaches to improve nutritional intake
in the population.
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FIGURE 5: Reported intake of important nutrients
n-3 LC PUFAs, n-3 Long-chain polyunsaturated fatty acids; AI, Adequate intake; RNI, Recommended nutrient
intake. Red lines represent women and blue lines represent men.

A. Mean daily intake of n-3 LC-PUFAs (g/day) among men and women across different age groups. The adequate
intake (AI) levels are indicated for each age group; B. Mean daily calcium intake in mg/day among men and
women across different age groups. The recommended nutrient intake (RNI) is indicated for each age group; C.
Mean daily intake of vitamin D in µg/day among men and women across different age groups. The adequate
intake (AI) levels are indicated for each age group; D. Mean daily intake of magnesium in mg/day among men and
women across different age groups. The recommended nutrient intake (RNI) levels are shown for each age group.

The dataset used for this analysis is obtained from the Korea Disease Control and Prevention Agency (KDCA),
https://knhanes.kdca.go.kr/knhanes/eng/index.do.
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 Age group Calcium (mg/day) Vitamin D (µg/day) Methionine (g/day) Magnesium (mg/day) EPA+DHA (mg/day) 

  EAR RNI AI UL AI UL AI UL EAR RNI AI UL EAR RNI AI ULa EAR RNI AI UL

Males

19-29 650 800 - 2,500 - - 10 100 1.0 1.4 - - 300 360 - 350 - - 210 -

30-49 650 800 - 2,500 - - 10 100 1.1 1.3 - - 310 370 - 350 - - 400 -

50-64 600 750 - 2,000 - - 10 100 1.1 1.3 - - 310 370 - 350 - - 500 -

65-74 600 700 - 2,000 - - 15 100 1.0 1.3 - - 310 370 - 350 - - 310 -

≥75 600 700 - 2,000 - - 15 100 0.9 1.1 - - 310 370 - 350 - - 280 -

Females

19-29 550 700 - 2,500 - - 10 100 0.8 1.0 - - 230 280 - 350 - - 150 -

30-49 550 700 - 2,500 - - 10 100 0.8 1.0 - - 240 280 - 350 - - 260 -

50-64 600 800 - 2,000 - - 10 100 0.8 1.1 - - 240 280 - 350 - - 240 -

65-74 600 800 - 2,000 - - 15 100 0.7 0.9 - - 240 280 - 350 - - 150 -

≥75 600 800 - 2,000 - - 15 100 0.7 0.9 - - 240 280 - 350 - - 140 -

TABLE 1: 2020 dietary reference intakes for Koreans (Ministry of Health and Welfare, Korea)
 

EAR, estimated average requirement; RNI, recommended nutrient intake; AI, adequate intake; UL, upper intake level; EPA, eicosapentaenoic acid;
DHA, docosahexaenoic acid.

These reference values include estimated average requirement (EAR), recommended nutrient intake (RNI), adequate intake (AI), and tolerable upper
intake level (UL). From: 2020 Dietary Reference Intakes for Koreans [25].

a. Only for non-food magnesium sources.

In men and women 50-64 years and older, average calcium intake was lower even as RNI increased (Figure
5B); the gap between average intake and requirements was larger than for younger age groups, especially for
women in post-menopausal life stages. Overall, these observations are consistent with the “nutritional
problem” of inadequate calcium intake highlighted in recent analyses that informed the 2020 KDRI [24].
Magnesium intake levels were generally above EAR but below RNI across most age groups (Figure 5D). In
women ≥50 years, average magnesium intakes further decreased slightly although RNI remains the same as
for younger women (280 mg/day). In men, n-3 LC-PUFA intake was generally below AI across age groups,
especially among those ≥50 years (Figure 5A). Average n-3 LC-PUFA intake also declined slightly among
women ≥65 years, suggesting a need for life-stage guided nutrition to help maintain adequate intake as
people age. Vitamin D intake was considerably below AI across various age groups, especially for older adults
(Figure 5C). Given these indications that inadequate micronutrient intake is common among Korean adults,
dietary interventions, including supplementation, may be warranted to improve overall nutrient intake and
reduce the prevalence of nutrient inadequacy. In the following sections, we discuss the significance of these
nutrients in the areas of health needs identified.

Nutrients for cardiovascular health 
n-3 LC-PUFAs

As n-3 LC-PUFAs are integral components of cell membranes and other important biological structures, they
are involved in many critical physiological processes [56]. Mechanistic and clinical data support
cardiovascular (CV) protective effects of n-3 LC-PUFAs, especially docosahexaenoic acid (DHA) and
eicosapentaenoic acid (EPA), through a number of pathways [56-59]. DHA and EPA have been found to
favorably influence levels of serum lipid parameters as well as tissue inflammatory markers [56-58,60].
Down-regulation of inflammation-related genes and attenuation of pro-inflammatory signaling by
EPA/DHA are thought to contribute to these CV-protective effects [58,61]. Favorable effects of n-3 LC-PUFAs
on blood pressure (BP) and endothelial function have also been described [62,63].

Although randomized controlled trials (RCTs) have not consistently shown effects on major adverse CV
events (MACE) such as MI or coronary heart disease (CHD), it has been noted that differences in several
factors (type/dose of n3 LC-PUFAs studied, the comparator interventions used, as well as the populations
studied) may partly explain these inconsistencies [58,59,64]. It should also be noted that many of the studies
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were conducted in populations with CVD and/or risk factors (often middle-aged or older adults), making it
challenging to determine the implications of findings for supplementation in healthy individuals. A 2021
meta-analysis/meta-regression study conducted using 40 RCTs of EPA/DHA supplementation for CVD
prevention (n=135,267) concluded that supplementation was associated with reduced risk of MI (risk ratio
(RR): 0.87, 95% confidence interval (CI) 0.80-0.96), CHD events (RR, 0.90, 95% CI 0.84-0.97), and CHD
mortality (RR: 0.91, 95% CI 0.85-0.98) [65]. This analysis also suggested that protective effects might
increase with supplement dosage. A 2023 systematic review including 17 major RCTs for MACE prevention
and residual CV risk reduction (n=143,410) concluded that n-3 LC-PUFA supplementation had significant
beneficial effects on CV death (RR 0.94; 95% CI: 0.88-0.99) and fatal/non-fatal MI (RR: 0.83; 95% CI: 0.72-
0.95), with generally good safety and tolerability [58]. This analysis also suggested that EPA may have
stronger CV-protective effects than DHA; the authors comment that, although DHA demonstrated limited
CV benefit, its effects could be more closely linked to neuroprotection [58].

Based on the favorable effects of n-3 LC-PUFAs on CV risk factors, vascular function, and inflammatory
markers, and the lack of adverse effects when consumed at recommended levels, guidelines for the general
population recommend intake of n-3 LC-PUFAs of at least 250 mg/day. In most cases, this is defined in terms
of adequate intake (AI) levels, due to insufficient evidence for defining EARs or RNIs for healthy individuals.
Recommended adequate intake of n-3 LC-PUFAs varies depending on the country/region and for specific
population groups. Internationally and in the US and Europe, daily intakes of at least 250 mg/day n-3 LC-
PUFA or ≥2 servings/week of oily fish are recommended across adult age groups, emphasizing the
importance of this nutrient at all stages of life [38,66,67]. In the 2020 KDRIs, AI levels range from 150-240
mg/day for women and 210-500 mg/day for men, depending on age group [25,68]. It should be noted that,
although these intake levels were proposed based on cardiovascular considerations for healthy adults, there
is emerging evidence that higher levels of n-3 LC-PUFAs may be beneficial for supporting healthy cognitive
function (discussed below in the section on nutrients for cognitive function). Further research is required to
clarify variations in n-3 LC-PUFA requirements for different aspects of health across adult age groups and to
inform updates to dietary recommendations as needed [68,69].

Nutrients for bone, muscle and joint health 
Calcium and Vitamin D

Together, calcium and vitamin D play crucial roles in bone health; individually, both also have other
essential physiological functions throughout the body, including muscle function and immune system
support [70,71]. Besides being a core mineral constituent of bones, calcium is also essential for muscle
contraction, synaptic transmission, and hormone secretion [71]. Calcium homeostasis is therefore
critical and depends on vitamin D, which regulates dietary calcium absorption, renal calcium reabsorption,
and calcium release through bone remodeling [72]. Optimal calcium metabolism thus requires adequate and
balanced intake of both calcium and vitamin D. Abnormal bone remodeling due to several factors (including
age, low sex hormone levels, low calcium/vitamin D intake, etc.) could result in metabolic bone diseases
such as osteoporosis [73].

Calcium must be obtained from dietary sources such as dairy, calcium-fortified foods, or supplement
products. Although vitamin D can be synthesized when the skin is exposed to ultraviolet B radiation from
sunlight, diet is an important source of vitamin D, especially for individuals with insufficient sun exposure.
Dietary requirements for calcium and vitamin D may vary among individuals according to the need for bone
development and maintenance across life stages. The recommended daily allowance (RDA) represents the
amount considered necessary to meet the nutritional needs of most (97-98%) healthy individuals. Table 2
shows current US RDAs for calcium intake across different age groups. The RDA of 1000 mg for adults aged
19-50 is intended to support bone maintenance and achieve a neutral calcium balance. The RDA increases to
1200 mg for males >70 years and for females >50 years [74]. This reflects women’s increased calcium
requirements after menopause. Estrogen promotes efficient calcium absorption and renal conservation, and
both deteriorate in the estrogen-deprived post-menopausal state. Declining levels of estrogen and other sex
hormones also increase bone remodeling and loss due to an imbalance between osteoclast and osteoblast
activity. Hence, calcium intake should be maintained or increased in post-menopausal women and older
men to mitigate the potential impact on bone health.
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Age Male Female

19–50 years 1,000 mg 1,000 mg

51–70 years 1,000 mg 1,200 mg

>70+ years 1,200 mg 1,200 mg

TABLE 2: Recommended dietary allowances (RDAs) for calcium in US adults
From: Dietary Reference Intakes for Calcium and Vitamin D [74].

In general, RDAs for vitamin D are aimed at supporting bone health and maintaining normal calcium
metabolism in healthy individuals (Table 3) [74]. RDAs are conservatively based on the assumption of
minimal sun exposure, as sunlight may not be a major source of vitamin D for many individuals in high-
latitude regions [38]. Guidelines for vitamin D intake and supplementation vary across countries and
settings (e.g., professional society guidelines), likely reflecting the purpose of the guidelines and/or
methodologies used to establish them. For the general population in the United Kingdom (individuals aged
≥4 years), intakes of 10 µg/day (400 international units (IU)/day) are considered sufficient [75], whereas US
RDAs recommend 15 µg/day in adults 19-70 years old (Table 3). On the other hand, the Endocrine Society
recommends daily supplemental vitamin D doses of 37.5-50 µg (1,500-2,000 IU) for adults to maintain serum
25(OH)D levels above 75 nmol/L (30 ng/mL) [76]. Although recommended vitamin D intake levels remain
relatively constant across adult age groups (slightly increased for older adults; Table 1 and Table 3), calcium
metabolism and requirements may change across life stages, especially in peri-menopausal and post-
menopausal women. It is thus important to pay attention to vitamin D intake and status to support a healthy
calcium balance.

Age Male Female

19-50 years 15 µg (600 IU) 15 µg (600 IU)

51-70 years 15 µg (600 IU) 15 µg (600 IU)

>70 years 20 µg (800 IU) 20 µg (800 IU)

TABLE 3: Recommended dietary allowances (RDAs) for vitamin D in US adults
IU, International units.

From: Dietary Reference Intakes for Calcium and Vitamin D [74].

Vitamin D and calcium intake recommendations for Korean adults are summarized in Table 1 [25]. Among
Korean women, calcium intake is reportedly generally well below the DRI, and vitamin D insufficiency is also
very common in the general population [77]. These are consistent with trends noted in our analysis of
KNHANES data (Figures 5B, 5C). Additionally, the average age of menopause in Korea is 49.4 years, and the
proportion of Korean women experiencing early or premature menopause appears slightly higher than in
other regions. A cross-sectional study analyzing data from the US and Korea reported that 2.8% of Korean
women experience premature menopause and 7.2% experience early menopause. In comparison, 1.7% of US
women experience premature menopause and 3.4% experience early menopause [78]. These trends
emphasize the importance of adequate calcium intake for women, starting from their 40s, to support bone
health through menopause and beyond.

Studies on the effects of calcium and vitamin D supplementation have yielded mixed conclusions. However,
it should be noted that such studies vary considerably in terms of the populations and outcomes examined,
whether or not calcium and vitamin D were supplemented together, as well as the duration, doses and forms
of supplementation. This implies it is important to tailor calcium/vitamin D supplementation to the needs
of individuals based on factors such as their life stage, health status, and lifestyle patterns.

A systematic review and meta-analysis in young adults (20-35 years old) found that calcium
supplementation significantly improved bone mineral density (BMD) and bone mineral content, particularly
at the femoral neck [79]. Additionally, supplementation around or before the time of peak bone mass had a
more pronounced effect. In considering bone health across the lifespan, the authors concluded that the
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intervention window for calcium supplementation should start around/before the age when bone mass peaks
(20-35 years). A systematic review of seven studies in pre-menopausal women (18-42 years old; n=941)
found no significant differences in BMD (intervention versus placebo) for groups receiving calcium, vitamin
D, or combined calcium/vitamin D supplementation [80]. A 2015 meta-analysis of eight RCTs in older adults
(n=30,970) found that calcium plus vitamin D supplementation resulted in 15% risk reduction for total
fractures (summary relative risk estimate (SRRE): 0.85, 95% CI, 0.73-0.98) and 30% risk reduction for hip
fractures (SRRE: 0.70, 95% CI 0.56-0.87) [81]. Another systematic review of nine studies in men and women
≥65 years (n=49,853) reported that taking vitamin D alone, in the forms tested in the studies, did not reduce
bone fracture risk. However, with combined vitamin D/calcium supplementation, there were slight
reductions in hip and other fractures, with a relative risk of 0.84 (95% CI 0.74-0.96) [82]. Similarly, a meta-
analysis of 33 studies (n=83,083) found no significant effect of oral vitamin D supplementation alone on
total fracture risk. However, vitamin D3 (700-800 IU/day) plus calcium significantly reduced total, hip, and
non-vertebral fractures, particularly in females, highlighting the importance of balanced vitamin D and
calcium supplementation [83].

A 2022 meta-analysis of seven studies in older adults reported that daily oral supplementation (800 IU
vitamin D3, 1200 mg calcium) reduced hip and non-vertebral fractures, albeit without significantly
increasing femoral neck BMD [84]. The study suggested several implications for practice, highlighting that
vitamin D and calcium are not the only elements required for bone health and fracture prevention, and
advocating a holistic approach to supplementation. This may include efforts to promote and maintain
musculoskeletal health from an early age, with proper nutrition to optimize calcium and vitamin D3 intake,
and a healthy lifestyle with adequate sunlight exposure and regular exercise [84].

Methylsulfonylmethane (MSM)

Sulfur is an essential component of important biomolecules, including amino acids, hormones, vitamins,
and coenzymes [85]. Dietary protein, specifically the sulfur-containing amino acids cysteine and
methionine, is the main source of sulfur [85] Although RDAs are unavailable, guidelines recommend
methionine and cysteine intakes of 14 mg/kg body weight. These recommendations are based primarily on
nitrogen balance studies, potentially underestimating actual requirements for sulfur in the body [86,87].
Considering the biological importance of this nutrient, sulfur-containing dietary supplements may be
relevant if dietary intake is inadequate (Table 1), for example, among individuals with a strict vegetarian
diet. One such dietary supplement is MSM, a naturally occurring sulfur-containing compound widely taken
for maintenance of joint and cartilage health, and sometimes prescribed to osteoarthritis patients. MSM is
thought to exert its effects through its anti-inflammatory, antioxidant, and immunomodulatory activities
[88].

Available studies suggest some favorable effects of oral MSM supplementation on outcomes related to joint
health and function, although more research is required [89]. A pilot trial randomized 50 adults with knee
OA, aged 40-76 years, to receive twice-daily oral MSM (total 6.0 g/day) or placebo for 12 weeks [90].
Improvements in the Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) at Week 12
were significantly larger with MSM versus placebo (p=0.041 and p=0.045 respectively, for pain and physical
function) [90]. MSM also improved activities of daily living on the SF-36 evaluation [90]. An RCT in 49 adults
(45-90 years with radiographically confirmed knee OA) investigated the effects of a lower total daily dose
(3.375 g/day) of MSM versus placebo for 12 weeks [91]. MSM supplementation significantly improved
WOMAC physical function and total symptom scores (p=0.04 and p=0.03, respectively) versus placebo [91]. A
2023 RCT in healthy adults (aged 26-85; n=8) with mild knee pain found significantly greater improvement
in Japanese Knee Osteoarthritis Measure total scores with MSM versus placebo (p=0.046) at 12 weeks [92].
MSM consumption was also associated with improved overall health condition ratings (p=0.032). Taken
together, these findings imply the potential of MSM as a supplement for joint health and function,
especially for women, who show increasing prevalence of OA and arthritis in middle age or earlier (Figure 3).
This must be substantiated through additional research.

Magnesium

Magnesium regulates numerous physiological processes in the body, from energy metabolism to muscle and
nervous system function [93]. Together with calcium, magnesium plays a central role in the muscle
contraction cycle, being required for calcium re-uptake in the sarcoplasmic reticulum [94]. Insufficient levels
of extracellular magnesium can result in hypercontractility, manifesting as muscle cramps and spasms [95].
As magnesium also supports proper synaptic transmission at the neuromuscular junction, low extracellular
magnesium can increase excitatory postsynaptic potential and neuromuscular hyperexcitability [95].

Magnesium is essential throughout life stages, and recommended magnesium intake varies depending on
gender and age group. Table 1 shows recommended magnesium intake levels for Korean adults [25]. The EAR
for magnesium is 10 mg higher for women >31 years (240 mg) compared with younger women (19-30 years).
Current US RDAs similarly indicate that magnesium requirements change with age, increasing after age 30
(Table 4; [96]) The current RDAs for US adults similarly indicate that magnesium requirements change with
age, increasing after age 30 (Table 4). RDAs range from 310-320 mg/day for women and 400-420 mg/day for
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men.

Age Male Female

19–30 years 400 mg 310 mg

31–50 years 420 mg 320 mg

51+ years 420 mg 320 mg

TABLE 4: Recommended dietary allowances (RDAs) for magnesium in US adults
From: Dietary Reference Intakes: Calcium, Phosphorus, Magnesium, Vitamin D and Fluoride [96].

Studies on magnesium supplementation for muscle health have examined the effects on muscle pain and
function in clinical and healthy populations. A 2017 meta-analysis assessed the effects of magnesium
supplementation on muscle fitness across 14 RCTs targeting three different populations: athletes or
physically active individuals (n=215; mean age: 24.9 years), untrained healthy individuals (n=95; mean age:
40.2 years), and elderly or alcoholic individuals (n=232; mean age: 62.7 years). Magnesium supplementation
had the most pronounced beneficial effects in elderly individuals, leading to the conclusion that
supplementation may be most beneficial for individuals at risk of or with magnesium deficiency, such as the
elderly [97]. A study on pre-menopausal women with fibromyalgia (a condition that causes widespread
muscle pain, with possible links to deficiencies in minerals like magnesium and calcium [98]) reported that
magnesium citrate supplementation was associated with significant improvement in fibromyalgia symptom
indices and impact (muscle tenderness, fibromyalgia impact questionnaire, Beck depression scores) [99]. An
RCT involving 139 healthy older women (mean age: 71.5 years) showed significantly improved physical
performance (Short Physical Performance Battery, sit-stand, and walking speed tests) after 12 weeks of
magnesium supplementation (300 mg/day) versus no intervention (n=77). This supports the potential
benefits of magnesium supplementation in maintaining physical functioning.

Lastly, magnesium has also been found to improve inflammation. This is of clinical relevance, as the
phenomenon of chronic low-grade inflammation observed in older individuals (often termed
"inflammaging") is strongly implicated as a risk factor for frailty, morbidity, and mortality. A meta-analysis
of 17 RCTs (n=889) found that magnesium supplementation significantly improved serum inflammatory
markers (decreased C-reactive protein and increased nitric oxide levels), suggesting potential benefits in
mitigating the effects of inflammaging [100].

Nutrients for eye health
Lutein

Three isomeric carotenoid pigments found in the macula, lutein, zeaxanthin and meso-zeaxanthin, are
essential for optimal retinal function, especially color vision [101]. The antioxidant properties of lutein and
zeaxanthin help neutralize reactive oxygen species generated by light or other oxidative stressors, helping to
protect the retina from photooxidative damage [102]. In normal eyes, higher macular pigment levels have
been associated with better visual performance and enhanced visual acuity [103].

Studies suggest that macular lutein and zeaxanthin levels may decline significantly with advancing age
[104]. A cross-sectional study in Korean adults aged 30-79 years reported that macular pigment optical
density (MPOD) significantly decreased with age (p=0.008) [105]. The mean estimated MPOD was
significantly lower in adults with dry AMD compared with normal healthy adults aged >50 years (p=0.001)
[105]. It was reported that high-dose lutein supplementation can help maintain macular pigment density:
among older individuals (61-84 years old) with dry AMD, those who regularly consumed high-dose lutein
supplements had macular carotenoid levels similar to their healthy peers, whereas those who did not use
lutein supplements had significantly lower macular carotenoid levels [104]. The effects of lutein
supplementation on macular MPOD in patients with AMD have also been evaluated in RCT settings [106].
The LISA study randomized 126 AMD patients (stages II-IV) aged 50-90 years to receive oral lutein (20
mg/day from Months 1-3, 10 mg/day from Months 4-6) or placebo for 6 months [106]. Lutein
supplementation for 6 months resulted in significantly higher increases in MPOD versus placebo (percent
difference from baseline: 27.9% vs 2.9%; p<0.001) [106]. Notably, increased MPOD was significantly
associated with improvement in both macular function and visual acuity at 6 months (p=0.027 and p=0.013,
respectively) [106].

Lutein and other macular pigments are obtained exclusively from carotenoid-rich dietary sources, including
fruits, vegetables, and egg yolks [101]. Although existing dietary guidelines do not include intake
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recommendations for lutein, studies suggest that intakes of approximately 6 mg per day are associated with
a reduced risk of AMD [107,108]. Additionally, the Age-Related Eye Disease Study 2 RCT found that
supplementation with lutein (10 mg/day) and zeaxanthin (2 mg/day) could reduce progression to advanced
AMD in individuals with low dietary intake of these nutrients [109]. These clinical findings suggest that
lutein intake may be helpful for individuals throughout their 40s and 50s to maintain retinal health.

The focus of DRIs has traditionally been on preventing nutrient deficiency and toxicity. However, there is
growing interest in extending such forms of guidance to include non-essential bioactive substances that
could promote overall health and reduce the risk of specific diseases. Lupton et al. outlined nine criteria to
determine the suitability of a bioactive substance for DRI-like recommendations [110]. Lutein meets these
criteria, suggesting that it is ready for consideration in intake recommendations. Establishing dietary
guidance for lutein could encourage the inclusion of lutein-rich foods in daily diets and increase awareness
of its potential benefits for supporting visual health across various life stages.

n-3 LC-PUFAs for Eye Health

Some studies suggest a potential role for n-3 LC-PUFAs in managing DES, attributed to their anti-
inflammatory activity. An RCT in individuals with contact lens-induced DES showed that n-3 LC-PUFA
supplementation significantly improved DES symptoms, tear production and tear film stability (TFS), as well
as conjunctival morphology, relative to placebo [111]. In another RCT, oral supplementation with n-3 LC-
PUFA 1.2 g/day (480 mg DHA, 720 mg EPA) for 3 months significantly improved DES symptoms, tear
production and TFS compared with placebo in adults with symptomatic computer vision syndrome (CVS)
[112]. A 2019 meta-analysis (17 RCTs) of 3,363 adults with DES of various etiologies found that n-3 LC-PUFA
supplementation (fish oil supplements with daily doses from 127.5-2,000 mg for EPA and 99-1,000 mg for
DHA) resulted in significantly greater improvement in DES symptoms compared with placebo (p<0.001)
[113]. Both tear production and TFS were also significantly improved with n-3 LC-PUFA supplementation
versus placebo [113].

Nutrients for cognitive health
n-3 LC-PUFAs for Cognitive Health

n-3 LC-PUFAs are important structural and functional biomolecules, especially in the brain, and
supplementation may be relevant to support cognitive as well as cardiovascular health. Indeed, several
studies have demonstrated that n-3 LC-PUFA supplementation can influence brain structure and potentially
cognitive function. A 2022 systematic review of nine studies reported that high-intensity n-3 LC-PUFA
supplementation appears to improve cognitive performance, consistent with previous studies suggesting
that DHA intake may help improve early deficits in memory and learning related to cognitive aging [114].
The included studies demonstrated the potential benefits of n-3 LC-PUFA supplementation on cognitive
performance in different age groups, including younger and older participants [114]. The review concluded
that 900 mg of DHA may be useful as a dietary neuroprotective agent for specific types of early cognitive
impairment, and highlighted US recommendations for consuming 3 g of n-3 LC-PUFA daily (up to 2 g/day
from dietary supplements). Systematic reviews of limited studies in older adults with mild cognitive
impairment (MCI) suggest some benefits in global cognition [115]. A systematic review and dose-response
meta-analysis (24 studies, n=9660) on studies of n‑3 LC-PUFA for cognitive function in middle‑aged or older
adults without dementia reported potential benefits in cognition (specifically executive function) increasing
up to 12 months of supplementation [116]. This trend was more prominent with daily n3 LC-PUFA intakes
exceeding 500 mg, and in populations where blood n-3 LC-PUFA levels were not very low. Based on the
findings, the authors suggest that n-3 LC-PUFA intake recommendations, which are currently based mainly
on CV considerations, could be enhanced by incorporating considerations for cognitive health [116].

Other nutrients and bioactive compounds with the potential to support
life-stage nutrition
Traditionally, discussions of nutrition and nutrients have focused on “essential” nutrients, including
macronutrients, vitamins and minerals that are needed to maintain health and support normal growth and
development [117,118]. Many of these nutrients were identified through their association with “deficiency”
diseases. On the other hand, a growing body of evidence supports the potential of bioactive compounds and
functional foods, alongside an adequate and healthy diet, for supporting optimal health and well-being. This
goes beyond the prevention of deficiency diseases and encompasses concepts such as protective effects in
age-related and chronic health conditions. Compounds such as PUFAs (discussed above), hyaluronic acid,
plant flavonoids and polyphenols such as those found in milk thistle or saw palmetto extract, and
octacosanol, though not conventionally recognized as nutrients, have demonstrated biological activity in
supporting and enhancing physiological function. These bioactive substances, such as hyaluronic acid, milk
thistle, saw palmetto extract, and octacosanol, have shown promising potential for supporting various
aspects of healthy aging, complementing the foundational role of essential nutrients. For example, oral
intake of hyaluronic acid (100-200 mg) for 12 weeks improved skin hydration from as early as Week 2 across
all skin types in both younger and older adults [119]. Milk thistle contains silymarin, a flavonoid compound
reported to have hepatoprotective properties [120]. A 2024 meta-analysis showed that silymarin decreased
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serum lipids and liver enzyme levels in patients with nonalcoholic fatty liver disease, thereby significantly
improving liver histology [121]. Such properties could be beneficial for individuals who may be at greater risk
of liver injury, e.g., due to lifestyle factors such as heavy alcohol consumption, which is reportedly common
among younger men in Korea. Saw palmetto extract is a traditional herbal remedy used to treat lower urinary
tract symptoms (LUTS) associated with benign prostatic hyperplasia (BPH), a common age-related condition
described in approximately 50% of men in their 50s, increasing to 90% among men over 80 [122]. In men
with BPH-associated LUTS, treatment with saw palmetto extract has been reported to improve symptom
scores, although definitive studies with standardized extracts are needed to demonstrate consistent efficacy
[123,124].

Future directions and opportunities for life-stage nutrition
In this review, we have explored a life-stage guided approach to precision nutrition, supported by
supplementation of important vitamins, minerals and other bioactive substances with the potential to
support optimal health beyond preventing disease. To adopt life-stage guided nutrition approaches, we need
to consider changing needs due to growth and development, as well as age-related changes in metabolism,
nutrient absorption, and tissue/organ function through early, middle, and later adult life. As earlier events
contribute to individuals’ health and aging trajectories, including the risk of developing age-related
conditions [125], understanding how these can be modified by nutrition is essential for targeted and
effective interventions at each life stage. Tailoring supplementation strategies from the starting point of age
and gender strata is a first step towards addressing unique nutritional needs and health challenges at
different life stages.

This section discusses the role of additional aspects of nutrition, education, assessment and monitoring of
potential benefits of nutrients and bioactive substances to optimize health outcomes and highlights
challenges, opportunities, and future directions in life-stage guided approaches to nutrition and
supplementation.

The Role of Food-Sourced Nutrients in Precision Nutrition

Nutrition from food, especially whole foods, remains the preferred way for most individuals to fulfill their
nutritional requirements. Whole foods provide a range of nutrients, including essential vitamins, minerals,
fiber, and bioactive compounds, which interact to support health. Complex interactions among these
components in whole foods enhance nutrient absorption and utilization. However, in practice, many
individuals find it challenging to meet their nutritional requirements through food alone. Multiple factors
such as limited understanding of nutritional principles, poor access to high-quality foods, lifestyle and
dietary choices or restrictions, or certain health conditions, can impede one’s ability to achieve optimal
nutrient intake. In such cases, dietary supplements may serve as a valuable adjunct, helping individuals to
fill specific nutritional gaps [38].

The principles of life-stage guided nutrition that we have discussed also apply to food-focused approaches,
as is apparent in national nutritional policy in Korea and other countries. For example, health management
guidance targeted to Korean individuals 50-64 years old places a strong emphasis on food and healthy eating
habits for adequate nutritional intake to support healthy aging [37]. In older community-dwelling Korean
adults, individualized educational and support programs have been found to positively influence dietary
habits, nutritional knowledge and nutritional status [126]. Additionally, emerging approaches such as
culinary medicine or culinary nutrition education for health professionals represent innovative strategies
that could help them guide individuals toward better diets that meet their specific needs and perhaps reduce
the burden of nutrition-related chronic diseases as people age [127,128]. Importantly, besides targeting
conventional education areas such as nutritional knowledge, approaches like culinary-nutritional education
also emphasize training in skills such as cooking, that could help individuals achieve and sustain healthier
dietary patterns [128].

Better Assessment and Monitoring of Nutritional Needs

Dietary supplementation use should be guided by nutritional needs, considering factors such as nutrient
status, sufficiency, and absorption/bioavailability. Establishing reference ranges for biomarkers of nutrient
status remains a challenge for many micronutrients, with a lack of consensus on reliable, meaningful
indicators [129]. Additionally, noninvasive and readily accessible measures to assess nutrient status are
scarce, highlighting opportunities for research into developing more comprehensive and universally
applicable standards for assessing nutrient status and deriving population or subgroup norms.

Appropriate biomarkers and surrogate endpoints allow the effects of supplementation on specific processes
and health outcomes to be determined [130]. For example, serum 25-hydroxyvitamin D levels, or biomarkers
like osteocalcin and C-telopeptide, can be used to assess the impact of vitamin D and calcium
supplementation on bone health, but such biomarkers are not available for many important health
outcomes. Monitoring of surrogate endpoints that are well correlated with outcomes, such as blood pressure,
supports intermediate assessments of supplementation effects on health and disease risk. Additionally,
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advancements in diagnostic technologies may improve biomarker testing to identify specific nutrient
deficiencies and track changes through time. This would facilitate the tailoring of supplementation based on
individuals’ biomarker profiles. With the increasing availability of fitness trackers, mobile apps, and
wearable devices, individuals can continuously monitor health-related indicators such as physical activity,
sleep, and vital signs [131], and artificial intelligence-powered advancements may facilitate precise, real-
time evaluation of these health data [3].

Practical Considerations: How “Precise” Should We Be?

Although fully personalized nutrition may not be desired or achievable for everyone, targeted precision
approaches remain valuable in the context of variable resource levels and consumer choice. The level of
precision required depends upon various factors, including the specific population group being targeted. For
generally healthy individuals, a basic MVMS formulation providing 100% of RDAs or adequate intake levels
may be sufficient to address potential nutrient gaps. However, certain population subgroups may have
unique nutritional needs that warrant a more tailored approach. For instance, pregnant women and older
adults may have specific and/or increased nutrient requirements and would benefit from formulations that
cater to their specific needs. Highly personalized precision nutrition strategies, such as those incorporating
genetic or metabolomic data, may be relevant for some individuals with specific health conditions or risks.
Such targeted interventions address individual variations in nutrient metabolism and absorption, thereby
optimizing the effectiveness and safety of supplementation.

Instead of overly precise formulations that may not be desired, necessary or cost-effective for the general
population, balanced approaches that consider relevant factors (age, sex, life stage, etc.) are preferable.
These would promote adequate nutrient intake while minimizing the risk of excessive consumption. By
striking a balance between precision and practicality, tailored MVMS could effectively support overall health
and well-being across a range of population groups. For example, developing supplement formulations for
men and women by life stage can ensure better alignment of nutrient intake with specific needs. This
targeted supplementation approach could support healthier dietary patterns and lifestyle habits, helping
individuals achieve their health goals.

Navigating Challenges and Opportunities

Several challenges arise when considering life-stage nutrition and MVMS. Firstly, effectively communicating
the benefits of dietary supplements to consumers requires clear and accurate messaging. The large volume of
nutrition information available can overwhelm consumers, leading to confusion and decision paralysis.
Overcoming this overwhelming information and misinformation, as well as promoting transparency about
product efficacy, is essential for building consumer trust. A related concern is consumer fatigue. The
proliferation of individually packed supplements and multivitamins on the market can overwhelm
consumers. With numerous options available, consumers may experience decision fatigue and uncertainty
about which supplements to choose. As with many health practices, such as exercise, adherence represents
another challenge, as incorporating supplements into daily routines can be difficult for consumers. Factors
such as taste preferences, dosing frequency, and lifestyle habits may influence adherence to
supplementation regimens. Complex dosing regimens add to this challenge, as some supplements require
multiple daily doses, or have special dosing or dietary requirements. Managing this complexity can be
challenging, particularly for individuals with busy lifestyles or medical conditions.

Stratified, simplified once-daily formulations offer a potential solution to these challenges. Manufacturers
can develop once-daily MVMS, reducing the complexity of dosing regimens and improving convenience and
adherence for consumers. Life-stage nutrition principles can be leveraged to create once-daily MVMS with
customized nutrient profiles to optimize health outcomes. Life-stage-specific MVMS also offers a way to
address consumers’ health priorities and preferences. A 2021 Korean study on consumer characteristics
related to health-functional food intake found that younger adults tended to consume multivitamins in
order to support general health and immunity, whereas older adults were more likely to consume
supplements like EPA/DHA-containing products and lutein, to maintain eye health and cardiovascular
health and mitigate effects of age-related conditions [18]. Women were more likely than men to consume
single and multi-vitamins, lutein, and EPA/DHA-containing products [18]. Market research findings from
2023 indicate that Korean consumers consider MVMS that are tailored ‘for each age group’ and ‘for every
lifecycle’ to be highly relevant to their health goals [132]. By customizing life-stage specific MVMS,
manufacturers can better address diverse health priorities within the population.

Lastly, improving consumer education and trust in MVMS is essential. Education initiatives can raise
awareness about the role that life-stage nutrition and MVMS could play in supporting optimal health. Clear
information can empower consumers to make informed decisions. Building partnerships with healthcare
providers, such as physicians, dietitians, and pharmacists, can enhance consumer awareness of effective
supplementation, and improve customization of supplementation formulations/regimens to build a solid
foundation for health.

Conclusions
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Expanding on the concept of life-stage nutrition developed in this review, a more inclusive life-stage guided
nutrition approach would ideally consider additional factors such as body composition, lifestyle and activity
levels, dietary preferences, and social/cultural influences. Incorporating social determinants of health is
important to ensure recommendations align not only with biological attributes but also with cultural,
community, and economic contexts. Similarly, behavior significantly impacts health outcomes and is
measurable, like biological attributes. Precision nutrition strategies can thus draw from biological evidence
(differential responses to foods/nutrients based on genotypic or phenotypic characteristics), as well as
analysis of behaviors, preferences, barriers, and objectives, to motivate individuals to make changes that will
promote long-term health and well-being.

Our exploration of precision nutrition through a life-stage approach supports its value in promoting optimal
health. With the starting point of age and gender, supported by appropriate biomarker assessment, dietary
and supplementation strategies can be tailored to address unique nutritional needs and health challenges
across the lifespan.
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