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Objectives: To describe the nutritional challenges faced by Korean middle‑aged adults 
(40–64 years) from a life‑course and biological transition perspective and to propose sys‑
tems‑based precision nutrition strategies for this critical stage of the lifespan.
Methods: In this narrative review, PubMed, Medline, and Web of Science were searched for 
articles published between January 2010 and November 2025 using terms such as “mid‑
dle aged nutrition,” “healthy aging,” “life course nutrition,” “sarcopenia,” “precision nutri‑
tion,” and “chronic diseases.” Policy documents and major national cohort and intervention 
studies were also reviewed.
Results: Middle-aged adults in Korea have a high prevalence of chronic disease beginning 
in their 40s, showing “the triple burden of malnutrition:” obesity, insufficient micronutri‑
ents, and sarcopenia onset, along with excessive sodium and sugar consumption com‑
bined with socioeconomic factors like living alone. Nutrient and dietary approaches, such 
as high protein (1.2–1.5 g/kg/d), leucine, dairy products and fruits, anti-inflammatory 
foods intake, Dietary Approaches to Stop Hypertension (DASH) or Mediterranean diets plus 
lifestyle modification at public health centers (Korean Diabetes Prevention Study) for car‑
diometabolic risks, Mediterranean-DASH Intervention for Neurodegenerative Delay diet for 
cognition maintenance, could greatly impact health trajectories.
Conclusion: Korean middle‑aged adults experience a triple burden of malnutrition on top of 
nonlinear biological aging shifts, which together accelerate cardiometabolic, musculoskele‑
tal, and cognitive risks. Implementing targeted dietary strategies within a systems‑based, 
community‑linked precision nutrition model is essential to reshape health trajectories and 
promote healthy longevity in this population.

Keywords: middle aged; healthy aging; sarcopenia

Received: June 15, 2026
Revised: June 25, 2026
Accepted: June 26, 2026

†Corresponding author: 
Yoo Kyoung Park
Department of Medical Nutrition, 
AgeTech-Service Convergence Major, 
Kyung Hee University, 1732 
Deokyeong-daero, Giheung-gu, 
Yongin 17104, Korea 
Tel: +82-31-201-3816 
Fax: +82-31-203-3816 
Email: ypark@khu.ac.kr

INTRODUCTION

Modern society is facing unprecedented demographic shifts and rapid aging, 

which fundamentally reshapes public health and nutritional priorities. With 

increasing life expectancy, narrowing the gap between “life expectancy” and 
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“healthy life expectancy” (without disease or disabili-

ty) has become a health imperative. The World Health 

Organization defines “healthy aging” not simply as the 

absence of disease but developing and maintaining the 

functional ability that enables well-being in older age [1]. 

Similarly, the National Academy of Medicine defines 

healthy longevity as a state with maintained physical, 

cognitive, and social functioning, and a time lived in 

good health approaching the biological life span [2]. 

Within this paradigm, middle adulthood (aged 40–64 

years) is considered the most critical life transition that 

determines a lifelong health trajectory [3].

According to previous reviews targeting children and 

adolescents, early life stages are a plasticity window 

where dietary behaviors are formed and fixed; nutrition-

al imbalances during this period can lead to intergen-

erational health inequalities [4]. However, recent life-

course epidemiology and multi-omics studies suggest 

that middle adulthood is not just progressive aging but a 

“a potentially critical window of plasticity” where exist-

ing health trajectories can be actively reshaped [5, 6].

Traditional aging biology assumed that over time 

cellular function and metabolic efficiency decrease 

gradually and linearly. However, recent studies using 

advanced multi-omics profiling have revealed that hu-

man aging does not occur at a constant rate but follows 

a nonlinear trajectory accompanied by explosive molec-

ular biological fluctuations at specific ages [7]. During 

middle adulthood, the basal metabolic rate decreases, 

drastic endocrine changes such as menopause occur, 

and musculoskeletal degeneration begins. Simultane-

ously, continuous exposure to the modern obesogenic 

environment can result in a triple burden of malnutri-

tion, where obesity due to energy overconsumption, 

micronutrient deficiencies, and age-related sarcopenia 

appear concurrently during this life stage [8]. According 

to epidemiological modeling studies, modifiable life-

style factors such as diet, physical activity, and weight 

management have the strongest impact on healthspan 

extension.

Therefore, this narrative review aims to analyze the 

key nutritional challenges faced by Korean middle-aged 

adults by synthesizing recent epidemiological data, bi-

ological multi-omics research, and behavioral science 

frameworks. It examines disease-specific dietary strate-

gies, such as the Mediterranean diet, Dietary Approach-

es to Stop Hypertension (DASH) diet, and Mediterra-

nean-DASH Intervention for Neurodegenerative Delay 

(MIND) diet, as well as the results of large-scale clinical 

interventions, such as the Korean Diabetes Prevention 

Study (KDPS). Accordingly, it proposes a “systems-cen-

tered, community-linked precision nutrition model” to 

successfully improve health outcomes during this life 

transition.

METHODS

Ethics statement

As this study is a narrative review, it did not require insti-
tutional review board approval or individual consent.

Study design
This narrative review draws together current evidence 

on the nutrition of Korean middle-aged adults through 

three complementary lenses: life-course epidemiol-

ogy, the biology of nonlinear aging, and behavioral 

and community-based nutrition science. Rather than 

following a systematic protocol, sources were selected 

and organized to follow the conceptual progression of 

the review. The biological basis of midlife transition was 

addressed first, drawing on recent multi-omics and life-

course studies. The epidemiology and nutritional status 

of Korean middle-aged adults were then examined us-

ing national health and nutrition data and disease-spe-

cific dietary studies, followed by disease-targeted 

dietary strategies for musculoskeletal, bone, cognitive, 

and cardiometabolic health and by large-scale Korean 

lifestyle-intervention trials. Throughout, peer-reviewed 

research was complemented by policy documents and 

major national cohort and intervention studies so that 

the resulting framework reflects both the scientific evi-

dence and the policy context relevant to this life stage.

DYNAMICS OF BIOLOGICAL AGING

Although the primary focus of this review relies on Ko-

rean focused data, the following findings derived from 

a single, international longitudinal multi-omics cohort 

provide an essential hypothesis-generating framework 
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[7]. This specific overseas study is introduced because 

comparable cutting-edge multi-omics research track-

ing non-linear biological aging transitions is currently 

unavailable in domestic cohorts. A recent longitudinal 

study identified two pronounced “biological crests” of 

molecular change clustering around 44 and 60 years old 

[7]. This suggests that middle adulthood is not merely 

a stage of advancing chronological age but a biological 

transition period when metabolic pathways and disease 

risks fundamentally change. The findings were obtained 

after tracking 108 adults aged 25–75 for up to 6.8 years, 

analyzing tens of thousands of molecular markers—

including transcriptomic, proteomic, metabolomic, lip-

idomic, and microbiome data—from blood, stool, skin, 

oral, and nasal samples (Table 1) [7].

These nonlinear dynamics provide a key biological 

rationale for age-appropriate nutritional intervention 

strategies in middle-aged adults. At the first inflection 

point, around age 44, molecular pathways governing 

lipid and alcohol metabolism undergo marked changes, 

coinciding with an accelerated risk of cardiovascular 

conditions such as hyperlipidemia, atherosclerosis, and 

coronary artery disease. Accordingly, nutritional strat-

egies at the early-to-mid-40s should prioritize restoring 

the energy balance, improving lipid profiles through 

increased unsaturated fatty acid intake, restricting al-

cohol, and ensuring adequate antioxidant supply. At 

the second inflection point, around age 60, biomarkers 

related to immune regulation, carbohydrate metabo-

lism, and kidney function are extensively restructured. 

This period marks the peak incidence of type 2 diabetes 

and a clinical turning point for immunosenescence and 

musculoskeletal degeneration, including sarcopenia 

and osteoporosis. Nutritional strategies in the late 50s to 

early 60s should therefore emphasize high-quality pro-

tein intake to counter anabolic resistance, immunonu-

trition to dampen low-grade inflammation, and dietary 

patterns that enhance insulin sensitivity and limit rapid 

glycemic fluctuations.

Importantly, these implications should not be inter-

preted as definitive age-specific clinical guidelines, but 

as a translational framework that requires validation in 

larger, more diverse, and intervention-based studies. 

Nevertheless, the findings support a shift from a reactive 

model that treats diseases pharmacologically only after 

manifestation, toward a preventive model that seeks to 

maximize metabolic resilience before or during periods 

of pronounced biological change.

EPIDEMIOLOGY OF CHRONIC DISEASES IN 
KOREAN MIDDLE-AGED ADULTS

The 2024 Korea National Health and Nutrition Examina-

tion Survey (KNHANES IX-3) showed a strong age-de-

pendency in the prevalence of major chronic conditions 

among Korean adults; however, individual conditions 

follow two distinct age trajectories (Fig. 1) [8]. Hyperten-

sion, hypercholesterolemia, and diabetes increase pro-

gressively, accumulating with advancing age, whereas 

obesity and hypertriglyceridemia peak in early midlife 

and decreases thereafter [8]. This divergence is most 

pronounced across the 40s–50s transition as shown in 

Table 1. Nonlinear dynamics of multi-omics profiles during human aging 

Biological aging crest Approximate 
chronological age Primary molecular & metabolic dysregulation Clinical implications & associated risks

Crest 1  
(early midlife transition)

44 years Lipid metabolism Hyperlipidemia
Alcohol metabolism Early atherosclerosis
Structural proteins in the skin and muscle Metabolic syndrome
Cardiovascular disease pathways Decline in muscle elasticity

Skin aging
Crest 2  

(late midlife transition)
60 years Immune regulation Immunosenescence

Carbohydrate metabolism Type 2 diabetes onset
Oxidative phosphorylation
Kidney function pathways

Profound loss of bone mineral density 
(osteoporosis)

Accelerated sarcopenia

Data from Shen et al. (Nat Aging 2024; 4(11): 1619-1634) [7].
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Fig. 1 [8].

Hypertension exhibits the steepest, most consistent 

age gradient. Prevalence climbs from 9.1% among 

adults in their 30s to 20.4% in their 40s, 34.7% in their 

50s, and 51.4% in their 60s—about a six-fold increase 

across the adult range. A marked inflection occurs be-

tween 40s–50s, when prevalence rises by 14.3 percent-

age points (%p), a relative increase of more than 70% 

within a single decade. Hypercholesterolemia follows a 

comparable but more front-loaded pattern. It increas-

es modestly from 14.3% in the 30s to 21.3% in the 40s, 

then nearly doubles to 40.3% in the 50s (+ 19.0%p)—the 

single largest decade-to-decade increment for any con-

dition in the survey. Then, prevalence peaks at 50.8% 

in the 60s before easing slightly to 45.6% at ≥ 70 years, 

a late-life plateau plausibly reflecting the combined 

effects of widespread lipid-lowering treatment and se-

lective survival. Diabetes mellitus is uncommon in early 

adulthood (4.5% in the 30s) but accelerates from midlife 

onward, reaching 9.3% in the 40s and 14.6% in the 50s 

before sharply rising between the 50s and 60s (14.6% to 

28.3%, a near-doubling).

In contrast, obesity is most prevalent in early-to-mid-

adulthood, not increasing with age. Already high at 

37.9% in the 30s, peaks at 44.1% in the 40s—the highest 

prevalence for this condition in any age group—gradu-

ally declining to 38.0%, 37.5%, and 35.3% across the 50s, 

60s, and ≥ 70 groups. Hypertriglyceridemia displays the 

same early-peak on a lower scale, rising from 14.7% in 

the 30s to a maximum of 17.8% in the 40s before falling 

to 8.2% by ≥ 70 years. Across the life course, these pat-

terns in the relative disease burden cross over. Obesity is 

the dominant metabolic abnormality in the 30s and 40s, 

when hypertension and diabetes remain comparatively 

low; by the 50s, hypertension and hypercholesterolemia 

overtake it; and from the 60s onward, hypertension is 

the single, most prevalent condition. Thus, the 40s and 

50s are a decisive transition window, during which the 

predominantly metabolic risk profile of younger adults 

translates into the cardiovascular and metabolic disease 

burden of later life. Accordingly, middle age is a critical 

period for screening and preventive intervention.

IMBALANCE BETWEEN ENERGY INTAKE AND 
REQUIREMENTS AND DIET QUALITY DECLINE

Comparing the habitual intake of Korean middle-aged 

adults (KNHANES 2013–2022) with 2025 Korean Dietary 

 
Fig. 1. Age-specific prevalence of chronic diseases. Adapted from Korea Health Statistics 2024: Korea 

National Health and Nutrition Examination Survey (KNHANES o-3). Korea Disease Control and 

Prevention Agency, 2015 [9]. Hypertension: systolic blood pressure ≥ 140 mmHg or diastolic blood 

pressure ≥ 90 mmHg, or use of antihypertensive medication. Obesity: body mass index BMI ≥ 25 kg/m2 

(Asia-Pacific criterion). Hypercholesterolemia: total cholesterol ≥ 240 mg/dL or use of cholesterol-

lowering medication. Hypertriglyceridemia: fasting triglycerides ≥ 200 mg/dL. Diabetes mellitus (based on 

fasting glucose or HbA1c): fasting glucose ≥ 126 mg/dL, physician diagnosis, use of glucose-lowering 

medication or insulin, or HbA1c ≥ 6.5%. 

Fig. 1. Age-specific prevalence of chronic diseases. Adapted from Korea Health Statistics 2024: Korea National Health and Nutri‑
tion Examination Survey (KNHANES IX-3). Korea Disease Control and Prevention Agency, 2015 [8]. Hypertension: systolic blood 
pressure ≥ 140 mmHg or diastolic blood pressure ≥ 90 mmHg, or use of antihypertensive medication. Obesity: body mass index 
BMI ≥ 25 kg/m2 (Asia-Pacific criterion). Hypercholesterolemia: total cholesterol ≥ 240 mg/dL or use of cholesterol-lowering med‑
ication. Hypertriglyceridemia: fasting triglycerides ≥ 200 mg/dL. Diabetes mellitus (based on fasting glucose or HbA1c): fasting 
glucose ≥ 126 mg/dL, physician diagnosis, use of glucose-lowering medication or insulin, or HbA1c ≥ 6.5%.
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Reference Intakes (KDRI) reveals a consistent paradox: 

energy and protein levels are adequate to high but mi-

cronutrient intake is widely insufficient; moreover, sev-

eral of these patterns differ markedly between men and 

women [8, 9] (Tables 2 and 3).

Energy and macronutrient intake
In men, mean energy intake closely tracks the estimated 

energy requirement (EER), approximating 2,500 kcal/d  

at 30–49 years and 2,100–2,200 kcal/d at 50–64 years. 

Protein intake is high—88.8 and 80.6 g/d, respectively—

exceeding the recommended nutrient intake (RNI) of 

60–65 g/d; nevertheless, 13.8% of men aged 30–49 and 

21.1% of those aged 50–64 were below the reference, a 

nontrivial minority of concern given the anabolic re-

sistance and accelerating sarcopenia risk observed at 

this life stage [9]. Fat contributes 16.7%–20.7% of the 

total energy, within the acceptable macronutrient dis-

tribution range (AMDR, 15%–30%) but drifting toward 

its lower edge with age, whereas saturated fat levels 

are generally under the chronic disease risk reduction 

(CDRR) threshold of 7% of energy. Total sugar intake 

(60.8–63.3 g/d) was below the goal of 20% of total ener-

gy.

In women, the energy intake is slightly below the EER 

at 30–49 years (≈1,800–1,900 kcal/d), falls short at 50–64 

Table 2. Nutrient intake status of Korean men aged 30–64 relative to 2025 KDRI

Nutrient Age (year) DRI Mean intake (based on 
KNHANES 2013–2022) Below the KDRI (%)

Energy (kcal/d) 30–49 EER: 2,500 ~2,500 -
50–64 EER: 2,200 ~2,100–2,200 -

Protein (g/d) 30–49 RNI: 65 88.8 13.8
EAR: 50

50–64 RNI: 60 80.6 21.1
EAR: 50

Fat (%/E) 30–49 AMDR: 15–30 20.7 -
50–64 16.7 -

Saturated fatty acid (%/E) 19–64 CDRR: < 7% Generally < 7% -
Sugars (g/d) 30–49 Goal: < 20% of total energy 63.3 -

50–64 60.8 -
Calcium (mg/d) 30–49 RNI: 800 495.7 (median) 71.4

EAR: 650
50–64 RNI: 750 517.0 (median) 64.6

EAR: 600
Vitamin D (μg/d) 30–49 AI: 10 3.5 92.6

50–64 4.0 92.1
Vitamin A (μg RAE/d) 30–49 RNI: 800 410.6 78.8

EAR: 560
50–64 RNI: 750 458.8 74.4

EAR: 530
Riboflavin (mg/d) 30–49 RNI: 1.5 1.91 29.0

50–64 EAR: 1.3 1.75 34.1%
Sodium (mg/d) 30–49 AI: 1,500 4,026.0 Above CDRR: 83.4

CDRR: 2,300 Below AI: 5.0
50–64 3,942.2 Above CDRR: 79.4

Below AI: 5.3

KNHANES, Korean national health and nutrition examination survey; KDRI, Korean Dietary Reference Intake; EER, estimated energy requirement; 
RNI, recommended nutrient intake; EAR, estimated average requirement; AMDR, acceptable macronutrient distribution range; CDRR, chronic disease 
risk reduction intake; AI, adequate intake.
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years (≈1,500–1,600 kcal/d against an EER of 1,700 kcal/d).  

Mean protein intake (≈59 g/d) exceeds the RNI, but the 

prevalence of shortfall is higher than in men—24.2% 

at 30–49 years and 22.6% at 50–64 years—pointing to 

an issue with protein quality and per-meal distribution 

rather than gross deficiency. Fat levels (17.5%–21.1% 

of energy) fall within the AMDR. Notably, sugar intake 

increases with age, from 50.8 to 61.5 g/d; although still 

within the 20% energy goal.

Mineral and micronutrient status
The most striking and clinically consequential concern 

is micronutrients intakes. Calcium intake is severely 

inadequate in both genders: median intakes of 496–517 

mg/d in men and 397–437 mg/d in women were under 

the 700–800 mg/d RNI, leaving 65%–71% of men and 

73%–74% of women below the reference. Vitamin D de-

ficiency was even more striking—mean of 3.5–4.0 µg/d  

and 2.6–3.1 µg/d intake in man and women, respective-

ly against an adequate intake of 10 µg/d mean that > 

90% of men and around 95% of women fail to meet the 

standard. This concurrent calcium–vitamin D insuffi-

ciency is especially alarming for women approaching 

and beyond menopause, in whom it compounds with 

declining estrogen levels, accelerating bone loss. Vita-

min A is likewise inadequate, with 71%–79% of adults 

below the RNI; riboflavin is the least problematic: mean 

intakes exceed the RNI, although around 30% of adults 

still do not meet daily requirements.

Sodium shows the opposite direction. Men consume 

4,026 mg/d, and 79%–83% exceed the CDRR of 2,300 mg/d;  

women consume less (≈2,700–2,770 mg/d) but still sur-

Table 3. Nutrient intake status of Korean women aged 30–64 relative to 2025 KDRI

Nutrient Age (year) DRI Mean intake (based on 
KNHANES 2013–2022) Below the KDRI (%)

Energy (kcal/d) 30–49 EER: 1,900 ~1,800–1,900 -
50–64 EER: 1,700 ~1,500–1,600 -

Protein (g/d) 30–49 RNI: 50 59.5 24.2
EAR: 40

50–64 RNI: 60 59.3 22.6
EAR: 50

Fat (%/E) 30–49 AMDR: 15–30 21.1 -
50–64 17.5 -

Saturated fatty acid (%/E) 19–64 CDRR: < 7% Generally < 7% -
Sugars (g/d) 30–49 Goal: < 20% of total energy 50.8 -

50–64 61.5 -
Calcium (mg/d) 30–49 RNI: 700 397.1 (median) 74.0

50–64 EAR: 580 437.1 (median) 72.8
Vitamin D (μg/d) 30–49 AI: 10 2.6 95.6

50–64 3.1 95.5
Vitamin A (μg RAE/d) 30–49 RNI: 650 350.2 76.2

EAR: 450
50–64 RNI: 600 379.6 70.7

EAR: 430
Riboflavin (mg/d) 30–49 RNI: 1.2 1.41 31.0

50–64 EAR: 1.0 1.40 29.1
Sodium (mg/d) 30–49 AI: 1,500 2,722.6 Above CDRR: 55.4

CDRR: 2,300 Below AI: 17.5
50–64 2,769.2 Above CDRR: 55.6

Below AI: 17.5

KNHANES, Korean national health and nutrition examination survey; KDRI, Korean Dietary Reference Intake; EER, estimated energy requirement; 
RNI, recommended nutrient intake; EAR, estimated average requirement; AMDR, acceptable macronutrient distribution range; CDRR, chronic disease 
risk reduction intake; AI, adequate intake.
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pass the CDRR in 55% of cases. This pronounced gen-

der difference reflects men’s heavier reliance on soups, 

stews, and eating out.

Together, these data delineate the “triple burden” 

of mid–life nutrition—adequate-to-excess energy and 

protein, widespread deficits in bone- and immune-re-

lated micronutrients, and excessive sodium—and in-

dicate that intervention should prioritize calcium and 

vitamin D repletion, sodium reduction (particularly in 

men), and adequate protein levels for the minority not 

meeting daily requirements, rather than overall caloric 

restriction alone.

DIET QUALITY AND CHRONIC DISEASE RISK IN 
KOREAN MIDDLE-AGED ADULTS

The Korean Healthy Eating Index (KHEI), developed by 

the Korea Disease Control and Prevention Agency to 

comprehensively evaluate diet quality, is a key indicator 

of the relationship between diet and chronic diseases in 

middle-aged adults [10]. The KHEI consists of 14 items 

(maximum score, 100), including eight items on the 

adequacy of recommended foods (mixed grains, fruits, 

vegetables, milk and dairy, meat/fish/eggs/legumes), 

three on the moderation of restricted foods (saturated 

fat, sodium, and sugars), and another three on energy 

balance.

An analysis of KNHANES data (2016–2018) involving 

4,113 middle-aged adults living in single-person house-

holds (1,517 men, 2,596 women) found that higher 

KHEI scores were significantly associated with a lower 

risk of metabolic abnormalities such as obesity, hyper-

tension, and hypertriglyceridemia [11]. Notably, this 

study demonstrated that household type (multi-person 

vs. single-person) is a strong structural factor mediat-

ing diet quality and disease risk. Men in single-person 

households had significantly lower total KHEI scores 

than those in multi-person households (P < 0.0001). 

Among men in single-person households, those in the 

lowest tertile of KHEI scores (T1) had a 4.625 times high-

er risk of obesity, 3.790 times higher risk of hyperten-

sion, and 4.333 times higher risk of hypertriglyceridemia 

than those in the highest tertile (T3). For women, the 

odds ratios (OR) for obesity and hypertriglyceridemia in 

the lowest KHEI tertile within single-person households 

skyrocketed to 3.223 and 7.134, respectively. Additional-

ly, in an analysis of 9,161 adults aged 19–64 years (3,985 

men, 5,176 women) from the 2022–2023 KNHANES, 

a higher total KHEI score was associated with a lower 

risk of metabolic syndrome (MetS) in men (OR, 0.658). 

Among the three domains, Adequacy was the strongest 

predictor: participants in the highest-scoring group 

showed significantly reduced odds of MetS in both 

men (OR, 0.689) and women (OR, 0.665). Within the 

Adequacy domain, scores for breakfast, fruit, and milk/

dairy intake were lower in the MetS group, whereas the 

Moderation domain showed a gender-specific pattern 

(with women in the highest-scoring group showing an 

increased risk), and the Balance domain was generally 

not associated with MetS [12].

Consumption patterns of fermented foods also in-

fluence inflammation levels and chronic diseases. 

A latent profile analysis of 7,111 middle-aged adults 

(40–64 years) using KNHANES (2015–2018) showed 

that people with a fermented grain-centered pattern 

(FGP) and fermented dairy-centered pattern had lower 

levels of high-sensitivity C-reactive protein than the 

low fermented-food pattern group, indicating lower 

micro-inflammation [13]. The FGP group demonstrat-

ed significant risk reductions with an OR of 0.810 for 

hypertension and 0.586 for diabetes, confirming that 

an appropriate combination of high-quality traditional 

fermented foods and dairy products can help prevent 

metabolic diseases in middle-aged adults.

Taken together, the lower adequacy scores for break-

fast, fruit, and dairy among those at higher metabolic 

risk—and the elevated risk observed among adults liv-

ing alone—suggest that these dietary gaps reflect more 

than personal motivation. Rather, they indicate that 

nutritional management is structurally shaped by so-

cio-environmental factors such as living arrangements, 

food accessibility, and cooking skills, rather than by in-

dividual choice alone.

TAILORED NUTRITIONAL STRATEGIES FOR 
PHYSIOLOGICAL TRANSITIONS

The two biological inflection points in middle adulthood 

clinically manifest as four core physiological regres-

sions: muscle mass loss, decreased bone mineral den-
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sity, cognitive decline, and cardiometabolic alterations 

[14-17]. Purposeful dietary strategies to delay these ef-

fects and actively alter health trajectories are crucial [18]. 

In a recent study, nutritional recommendations were 

developed across several health domains—glycemic 

control, cardiovascular health, cognitive function, mus-

cle function, and skin health—that represent functions 

commonly compromised with aging [19] some of which 

are presented below.

Musculoskeletal health: protein and macronutrient 
strategies to overcome sarcopenia
Sarcopenia is not merely a result of aging but a critical 

pathological starting point leading to insulin resistance 

and MetS [20]. Since human skeletal muscle is the 

body’s largest glucose reservoir (absorbing around 80% 

of total glucose) and a fat-burning organ, muscle mass 

decline leads to elevated blood sugar levels and visceral 

obesity [21]. In a nationally representative cross-section-

al analysis of 15,586 Korean adults aged ≥ 30 years using 

whole-body dual-energy X-ray absorptiometry (KN-

HANES IV–V, 2008–2011), mean appendicular skeletal 

muscle mass (ASM) declined progressively with advanc-

ing age, with a markedly steeper decline in men than 

in women. Relative to adults aged 30–49 years, mean 

ASM in men decreased from 23.3 kg to 21.5 kg in the 

50–69-year group (−7.7%) and to 19.1 kg in those aged  

≥ 70 years (−18.0%); the corresponding values in women 

were 14.8 kg, 14.4 kg (−2.7%), and 13.1 kg (−11.5%) [22].

The frontline defense against sarcopenia is high-qual-

ity protein intake. Previously, the RNI for protein in 

adults was 0.91 g/kg/day, but recent large-scale clinical 

and epidemiological studies have shown that this stan-

dard may be insufficient to optimize muscle mainte-

nance in older adults to prevent the catabolism of aging 

muscles [23]. Since aging causes “anabolic resistance,” 

larger amounts of amino acids are needed to activate 

muscle protein synthesis. Accordingly, an expert con-

sensus by the Korean Geriatric Society and the Korean 

Nutrition Society suggested a dietary protein intake of 

at least 1.2 g/kg/day for Korean older adults, which is 

higher than the general adult RNI of 0.91 g/kg/day [24].

Furthermore, a systematic review on sarcopenia di-

agnostic indicators and protein intake revealed that Ko-

rean older adults with low protein intake had a signifi-

cantly higher risk of decreased grip strength and muscle 

mass [25]. However, the foundation for preventing such 

severe muscle loss in older adulthood must be estab-

lished much earlier. The progressive decline in skeletal 

muscle mass and function, which eventually leads to 

sarcopenia, can begin as early as the fourth or fifth de-

cade of life. Since muscle mass typically decreases by 

approximately 1% per year starting around age 50, mid-

dle age serves as a critical transition phase. Therefore, 

relying solely on increased protein interventions after 

reaching old age may not be sufficient to fully coun-

teract anabolic resistance and muscle degradation. In-

stead, adopting an optimal dietary protein strategy and 

building muscle reserves during middle age is essential 

to delay the onset of sarcopenia and maintain musculo-

skeletal health in later years (Table 4) [26-28].

Not only the absolute protein amount but also its 

quality and amino acid composition are important. 

Branched-chain amino acids (BCAAs), particularly leu-

cine, directly stimulate the mTORC1 pathway to induce 

muscle synthesis [26]. Incorporating a mixed protein 

diet comprising high-quality plant-based proteins like 

soy and legumes alongside animal-based proteins pro-

vides the dual benefit of meeting essential aminoacids 

requirements while lowering saturated fat and choles-

terol absorption, thereby reducing cardiovascular risk 

[27]. Moreover, combining protein with vitamins and 

minerals significantly amplifies musculoskeletal mass 

preservation compared to protein alone [28].

Osteoporosis and bone health management: nutri-
tional buffering for the menopausal transition
Middle-aged women experience a sharp decline in 

estrogen after menopause, leading to the loss of defen-

sive mechanisms that previously inhibited osteoclast 

activity. Consequently, the microarchitecture of the 

trabecular bone is destroyed and bone mass rapidly lost 

[29]. According to Korean statistics, the prevalence of 

osteopenia among women over 50 is 47.9%, and that of 

osteoporosis is 22.4%, with these rates doubling for ev-

ery 10-year increase in age [30].

Nutritional strategies for osteoporosis prevention 

must extend beyond supplementing a single nutrient 

(calcium) to modulating overall dietary patterns and 

the body’s inflammatory environment. A large-scale 
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epidemiological study on KNHANES (2008–2010) data 

showed a strong correlation between the dietary pat-

terns of Korean postmenopausal women and bone 

health. A total of 3,735 Korean postmenopausal women 

found that a “dairy and fruit” dietary pattern—high in 

milk, dairy products, and fresh fruits—was associated 

with a 53% lower risk of lumbar-spine osteoporosis (OR 

0.47, 95% confidence interval 0.35–0.65), whereas a tra-

ditional “white rice, kimchi and seaweed” pattern was 

associated with poorer bone health (OR 1.40) [31].

Furthermore, the bone metabolism is highly sensi-

tive to the body’s inflammatory environment. A study 

applying the dietary inflammatory index (DII), which 

quantifies the inflammatory potential of a diet, found 

that postmenopausal women in the group with the 

highest DII (a pro-inflammatory diet)—characterized 

by high proportions of refined carbohydrates, processed 

meats, and saturated fats—had significantly lower bone 

mineral density in the femoral neck than the control 

group, and a 1.27 times higher OR for osteopenia/os-

teoporosis [32]. Conversely, a cross-sectional study of 

postmenopausal Korean women found that a higher in-

take frequency of vegetable-derived antioxidant micro-

nutrients was positively associated with bone mass in a 

site-specific manner—β-carotene with the lumbar spine 

T-score, vitamin C with the femoral neck T-score, and 

zinc with the total hip T-score. Given its cross-section-

al design, however, these results indicate associations 

rather than causal relationships [33]. This demonstrates 

that an antioxidant and anti-inflammatory diet is essen-

tial for collagen synthesis in the bone matrix and osteo-

clast inhibition.

Preventing cognitive decline and neuroprotection: the 
MIND diet
After the second biological inflection point, around age 

60, inflammatory responses and oxidative stress in cra-

nial nerve cells accumulate, gradually increasing the risk 

of developing dementia, including Alzheimer’s disease 

[34]. The most globally recognized nutritional inter-

vention for preserving cognitive function is the MIND, 

developed by Morris et al. [35] in 2015. The MIND diet 

combines the cardiovascular-friendly DASH diet and 

the Mediterranean diet. It is intricately designed to max-

imize the intake of specific food groups, polyphenols, 

and omega-3 fatty acids, which have neuroprotective ef-

fects. Long-term epidemiological research demonstrat-

ed that groups strictly adhering to the MIND diet saw a 

staggering 53% reduction in Alzheimer’s risk, while even 

moderate adherence resulted in a 35% risk reduction 

[36]. Notably, the cognitive decline rate of the group in 

the top tertile of MIND scores showed a protective effect 

equivalent to being 7.5 years younger compared to the 

bottom tertile (Table 5).

ardiometabolic disease prevention: DASH and medi-
terranean diets
To address the abnormalities in lipid metabolism and 

cardiovascular disease pathways that develop around 

the mid-40s, the overall dietary pattern needs to be 

Table 4. Key micronutrients and macronutrients for sarcopenia prevention

Target nutrient Recommended intake dose for muscle 
preservation Physiological role in middle-aged adults

Total dietary protein 1.2–1.5 g/kg/day (or 25–30 g/meal) Overcomes anabolic resistance and provides primary 
building blocks for muscle protein synthesis

Leucine (branched-chain amino 
acids)

2.5–3.0 g/meal Direct activator of the mTORC1 signaling pathway, initiat‑
ing muscle anabolism

Vitamin D 800–1,000 IU/day Upregulates intramuscular vitamin D receptors and en‑
hances fast-twitch muscle fiber function

Magnesium 300 mg/day (men), 270 mg/day (women) Co-factor in ATP synthesis and insulin signaling; mitigates 
age-related muscle mass loss

Vitamin C/E 45–90 mg/day (vitamin C), 400 IU/day 
(vitamin E)

Decreases reactive oxygen species that exacerbate 
age-related muscle catabolism

Data from Kamei et al. (Nutrients 2020; 12(1): 261) [26].
Data from Guasch-Ferré et al. (Circulation 2019; 139(15): 1828-1845) [27].
Data from Nasimi et al. (Adv Nutr 2023; 14(4): 762-773) [28]. 
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adaptable and cardiovascular-friendly. The DASH diet, 

designed for hypertension prevention and manage-

ment, focuses on increasing intake of whole grains, 

fruits, vegetables, and low-fat dairy products while lim-

iting red meat, sodium, and sugar-sweetened beverages 

[37]. It lowers blood pressure through a complex inter-

action between micronutrients with excellent vasodil-

atory and sodium-excreting functions, such as dietary 

fiber, potassium, calcium, and magnesium.

The Mediterranean diet also actively recommends 

daily or weekly consumption of polyphenol-rich plant 

foods (extra virgin olive oil, nuts, seeds, and legumes) 

and omega-3-rich fish [38]. In large population-based 

studies of adults, a higher intake of dietary antioxidant 

nutrients—including vitamins A, C, and E, carotenoids, 

selenium, and zinc, commonly summarized as the com-

posite dietary antioxidant index—has been inversely 

associated with atherosclerotic cardiovascular disease 

and its estimated 10-year risk, plausibly through antiox-

idant and anti-inflammatory mechanisms [39]. As these 

findings derive from observational data, they indicate 

association rather than causation. Conversely, high-fat 

processed meats like bacon and sausages, or excessive 

refined carbohydrate intake, act as a catalyst for MetS 

and must be limited from the diet.

Precision nutrition management for metabolic syn-
drome and prediabetes
Prolonged obesity and insulin resistance progress to 

prediabetes. This is a “warning stage” before type 2 

diabetes and the final “reversible window” to return to 

normal blood glucose levels through intensive lifestyle 

modification (LSM) [40]. Compared to Westerners, Ko-

reans have a lower insulin secretory capacity of pancre-

atic beta cells and a higher abdominal visceral fat ratio, 

leading to a sharp increase in diabetes risk even at a 

relatively low body mass index (BMI). Instead of blindly 

following Western guidelines, a precision nutritional 

management tailored to Korean food culture and body 

type is needed [41].

The KDPS, a large-scale, multicenter prevention study 

led by the Korean Diabetes Association, was conducted 

to find the optimal diabetes prevention solution for Ko-

reans [42]. Based in university hospitals and community 

public health centers nationwide, the KDPS recruited 

overweight/obese patients with prediabetes aged 30–70 

and randomly assigned them to a standard manage-

ment group, an LSM group, and a metformin group and 

were prospectively tracked. The core goal for the LSM 

group was to lose ≥ 5% of their initial body weight within 

6 months and maintain it through systematic nutritional 

management and behavioral psychological correction. 

The results were encouraging. The group that received 

the community (public health center)-based inter-

net-linked LSM intervention for 16 weeks to 6 months 

showed significant reductions in body weight and BMI 

and dramatic improvements in fasting blood glucose 

and insulin resistance indicators compared to the con-

trol group. Notably, in the hospital-based H-KDPS co-

hort, the intensive LSM group showed a 49% higher in-

hibitory effect on the onset of type 2 diabetes compared 

to the standard management group. This suggests that 

a close-contact dietary and behavioral correction pro-

gram led by trained experts (public health center staff, 

dietitians) is overwhelmingly more effective for chronic 

disease prevention than single nutrient prescriptions or 

Table 5. Mediterranean-DASH Intervention for Neurodegenerative Delay (MIND) diet components for cognitive preservation 
Dietary component MIND diet recommendation Neuroprotective mechanism
Green leafy vegetables ≥ 6 servings/week Rich in folate, lutein, and vitamin K; suppresses neuroinflammation and 

maintains synaptic plasticity
Berries ≥ 2 servings/week Contains anthocyanins that promote neural signal transmission in the 

cerebral cortex and defend against oxidative stress
Extra virgin olive oil Primary cooking fat Oleocanthal activates the clearance of amyloid-beta (Aβ) plaques, which 

induce Alzheimer’s
Nuts & fish Nuts ≥ 5 servings/week Omega-3 (EPA, DHA) unsaturated fatty acids preserve brain cell mem‑

brane fluidity and protect microvesselsFish ≥ 1 serving/week
Red meat & fast food Red meat < 4 servings/week Blocks generation of saturated fats and advanced glycation end-prod‑

ucts, preventing damage to blood-brain barrier permeabilityFried food < 1 serving/week
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drug administration.

SYSTEMS-CENTERED, COMMUNITY-LINKED 
NUTRITION MODEL FOR MIDDLE-AGED ADULTS

While individual dietary guidelines and one-off health 

center education can have a significant impact, the cur-

rent food environment is simply too complex to sustain 

lifelong healthy eating habits.

Building a community ecosystem around the work-
place and local services
In Korea, public nutrition and welfare services are large-

ly organized around older adults, and many community 

resources are activated only after age 65. As a result, 

adults in their 40s and 50s—often at the peak of their 

economic and caregiving responsibilities—frequently 

fall into a structural gap where their daily nutrition is 

left to individual willpower in the face of long working 

hours, occupational stress, company dinners, food 

delivery culture, and chronic sleep deprivation. By the 

time they become eligible for elderly-focused programs 

such as long-term care insurance, dementia centers, or 

senior meal services, sarcopenia and MetS may already 

have caused partly irreversible damage [43].

To address this midlife service gap, a community eco-

system that actively links the workplace, local public 

health centers, primary care clinics, and the home envi-

ronment is essential. Rather than treating middle-aged 

adults as a “pre-elderly” group who will be supported 

later, nutrition support should be embedded where they 

actually spend most of their time and make food choic-

es—at work and in their immediate communities.

Workplace and enterprise–centered environmental design

Following nutrition guidelines (sodium reduction, 

Mediterranean/DASH-based meal options) should be 

mandatory in corporate cafeterias. Company health 

promotion programs should evolve beyond simple 

health check-ups to community health center-level LSM 

programs, encouraging employee participation.

Expansion of preventive interventions in community  

health services

Building on evidence from KDPS and similar projects, 

digital and face-to-face interventions led by dietitians 

and health professionals in public health centers and 

primary care clinics should be scaled up and explicitly 

opened to middle-aged adults, not only to older seniors. 

Incorporating the Adult Nutrition Quotient (NQ-A) into 

routine check-ups could help identify high-risk indi-

viduals early and connect them to proactive nutritional 

coaching and community programs.

In this community-linked ecosystem, digital health 

tools and precision nutrition technologies can act as 

a continuous support layer that connects the work-

place and local services to individuals’ everyday deci-

sion-making, rather than functioning as stand-alone 

apps.

CONCLUSIONS

Middle adulthood is a decisive life transition period 

over the life course that determines the quality of life 

and healthspan in old age. As shown by multi-omics 

research, human aging is not a gradual process but an 

explosive nonlinear sequence where lipid metabo-

lism, immune, and musculoskeletal pathways abruptly 

change in the mid-40s and early 60s. Korean epidemi-

ological data on chronic diseases warn the intersection 

of these biological fluctuations with the triple burden of 

malnutrition, it results in chronic diseases such as obe-

sity, diabetes, and cancer.

The core of successful nutritional strategies for this 

life transition period is supplying sufficient protein 

and BCAAs prevent sarcopenia. Second, rapidly tran-

sitioning to disease-targeted dietary structures—such 

as increased dairy and fruit consumption, the Mediter-

ranean and the MIND diet—could help against osteo-

porosis and cognitive decline. Third, actively adopting 

and practicing age-tailored, community-based LSM to 

revert the risk of prediabetes.

Ultimately, these strategies cannot rely on individual 

willpower or isolated educational campaigns alone. To 

close the current midlife service gap, it will be crucial to 

build a systems-centered, community-linked ecosystem 

in which workplaces, public health centers, and primary 

care clinics coordinate nutrition support across the en-

vironments where middle-aged adults actually live and 

work. Together, these approaches can better support 
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Korean middle-aged adults in preventing chronic dis-

ease and achieving healthy longevity in an aging society.

As a narrative rather than systematic review, this work 

is subject to selection bias and may not capture all rel-

evant domestic and international studies. In addition, 

the evidence base is dominated by observational data 

from Korean national surveys and cohorts, which con-

strains causal interpretation and limits extrapolation 

to other settings. Finally, few long‑term intervention or 

multi‑omics studies have rigorously tested communi-

ty‑linked precision nutrition strategies in middle‑aged 

adults, highlighting the need for future trials and im-

plementation research to refine and validate these ap-

proaches in real‑world practice.
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