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Abstract: Background/Aim: Skeletal muscle mass index (SMI) and body fat percentage
(BF%) are components of body mass index (BMI) but are considered to play independent
roles. We aimed to clarify whether SMI and BF% are associated with nutritional markers
independent of BMI in underweight women. Methods: This retrospective observational
study included a total of 102 women aged 20-65 years who were referred to the outpatient
nutrition evaluation clinic from 2022 to 2024 with a body mass index (BMI) < 17.5. We
performed a multivariate analysis with SMI and BF% as independent variables and BMI,
BMI ratio (present-to-age 20 ratio), grip strength, and biochemical nutritional indicators
(vitamin By level (ng/mL), cholesterol level (mg/dL), lymphocyte count (/uL), and HbAlc
(%) level) as dependent variables, adjusting for age. Results: Women aged 30.9 & 10.2 years
(yo) with a BMI of 17.0 + 0.7 participated in this study. BMI (kg/m?) was positively
associated with SMI (kg/m?) (B (95% CI): 1.6 [1.4, 1.9], p < 0.001) and BF% (0.2 [0.1, 0.2],
p <0.001), and the BMI ratio (present-to-age 20 ratio) was positively associated only with
BF% (0.5[0.05, 0.9], p = 0.03). Grip strength was positively associated with SMI (4.0 [1.4, 6.6],
p = 0.003), and lymphocyte count was positively associated with BF% (3 (36.2 [6.0, 66.5],
p = 0.02). BMI was not associated with grip strength or lymphocyte count. Vitamin By,
cholesterol, and HbA1lc were not associated with SMI, BF%, or BMI. Conclusions: These
results indicate that SMI reflects BMI and grip strength, whereas BF% reflects BMI, the BMI
ratio (present to age 20), and lymphocyte count. In addition to BMI and SMI, changes in
BF% should also be noted in underweight women.

Keywords: skeletal muscle mass index; SMI; body fat percentage; BF%; BMI; body mass
index

1. Introduction

Among women in Japan, underweight is a particularly serious problem [1,2]. Accord-
ing to the 2022 National Health Survey of Japan, 4.3% of men are underweight, whereas
11% of women are underweight [2]. In particular, 19.1% of women in their 20s are un-
derweight [2]. This trend has not changed over the past 10 years [2]. At Fujita Health
University, 14% of all women, 17% of those aged 20-29 years, 14% of those aged 30-39 years,
9% of those aged 4049 years, and 8% of those aged 50-65 years are underweight [3]. Health
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literacy represents the personal knowledge and competencies that accumulate through
daily activities, social interactions, and across generations. The general population usually
knows less about health than experts do; however, underweight is considered a socioen-
vironmental problem since it is seen even in medically literate populations and improves
with age. Health problems associated with underweight include osteoporosis, menstrual
abnormalities, infertility, anemia, glucose intolerance, and, as we have reported, various vi-
tamin deficiencies [4-8]. The prevalence of vitamin D deficiency is low among underweight
women, whereas folic acid and vitamin By, deficiencies are observed in approximately
20% of underweight women, along with vitamin B; deficiency, which is rarely observed
today [4]. Thus, underweight is a condition that increases the risk of disease due to
malnutrition, not just weight loss [1,2].

Undernutrition, especially a loss of lean body mass, leads to reduced physical function
and increases the risk of frailty and sarcopenia. Lean body mass (LBM) is a part of body
composition that is defined as the difference between total body weight and body fat
weight. Undernutrition is widely considered very important for maintaining lean body
mass (muscle mass). Skeletal muscle mass index (SMI) is known to be a good indicator
of muscle mass [9-11]. Grip strength is known to be related to life span [12], and the
strong association between SMI and grip strength is also well documented [13,14]. On
the other hand, adipose tissue is particularly related to menstruation, and a low body
fat percentage (BF%) may also be problematic [15-17]. A minimum ratio of fat to lean
mass is normally necessary for menarche (approximately 17% fat/body weight) and the
maintenance of female reproductive ability (approximately 22% fat/body weight) [17].
Among elderly individuals, the risk of a low muscle percentage and high BF%, as observed
in those with sarcopenic obesity, has also been discussed [18,19]. There is concern that such
conditions may be associated with diseases such as glucose intolerance and dyslipidemia,
in addition to muscle weakness. However, the current status of body size (SMI and BF%)
in underweight women in Japan is unknown.

The controlling nutritional status (CONUT) score has long been known as an index
used to screen nutritional status. The subjective global assessment (SGA) and full nutritional
assessment (FNA) scores are correlated with the degree of undernutrition according to the
CONUT score [20]. A higher CONUT score is associated with an increased risk of death and
complications in the hospital, longer hospital stays, increased risk of sepsis, increased risk
of in-hospital mortality in patients with ischemic stroke, and increased risk of in-hospital
mortality in elderly patients [21-23]. It is unclear why the CONUT score is based on the
cholesterol level, albumin level, and lymphocyte count; however, lymphocyte count is used
as a measure of immune status, the albumin level is used as a measure of protein synthesis,
and the cholesterol level is used as a measure of lipids. It is poorly understood whether
nutritional parameters such as lymphocyte count and cholesterol level are related to body
size in individuals with poor nutritional status.

There are still no clear threshold SMI or BF% criteria for defining poor nutritional
status [24-28], and although lower SMI thresholds have been observed for men and women
according to the diagnostic criteria for sarcopenia, the thresholds for elderly people are
not met, and no criteria for young and middle-aged people have been identified [25]. The
body fat percentage of healthy individuals has been reported to vary with age, body size,
and race [28]. It has long been noted that visceral fat accumulation is important in the
pathogenesis of metabolic syndrome, and the abdominal circumference and visceral fat
area are sometimes measured [29,30]. However, in recent years, it has become possible
to measure body composition easily, and there is an opinion that it is better to evaluate
obesity or overweight according to body fat percentage rather than BMI [31]. Under
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these circumstances, we believe that it is necessary to examine how SMI and BF% affect
nutritional indices.

Therefore, the purpose of this study was to clarify whether SMI and BF% reflect
nutritional markers distinctly from BMI and to clarify the significance of SMI and BF%
measurements in underweight women. First, body size and nutritional indices according
to age, SMI, size, and BF% were determined. Next, multivariate analysis was used to
determine whether various nutritional indices were associated with SMI and BF% when
adjusted for age. In the present study, BMI was positively associated with SMI and BF%. In
addition, higher skeletal muscle mass was associated with a lower BF%. The multivariate
analysis revealed that SMI was positively associated with current BMI and grip strength,
whereas BF% was positively associated with BMI, BMI ratio (present-to-age 20 ratio),
and lymphocyte count. Since grip strength and lymphocyte count were not found to be
associated with BM]I, it is clinically meaningful to measure SMI and BF% in addition to
BMI. Currently, reference values are not always clear; therefore, these values are often
determined by looking at changes in values over time within individuals. Given that the
significance of SMI and BF% in underweight individuals has been clarified, SMI and BF%
should be used independently of BML

2. Materials and Methods
2.1. Subjects

One hundred and two female patients aged 20-59 years participated in this study. The
criteria for this study were as follows: (1) aged 20-59 years and (2) referred to the outpatient
nutrition evaluation (clinical nutrition) clinic due to a BMI of <17.5. Among those who had
undergone the Fujita Health University staff health examination from 2022 to 2024 were
eligible for this retrospective, cross-sectional observational study. The patients were referred
to the Clinical Nutrition Department for nutritional evaluation. Patients who were already
taking vitamin supplements or drugs at the time of the initial visit were excluded. Pregnant
women and patients being seen in the psychiatry department for the treatment of anorexia
nervosa were also excluded because they were seen by their primary care physician. During
the outpatient consultation, the attending physician checked for signs of weight loss (fever,
intentional weight loss, appetite, and edema) via an interview and physical examination,
but none of the patients complained of any obvious findings. Most underweight patients,
with the exception of those with low body weights, did not show notable findings on
physical examination. To ensure that research subjects had the opportunity to opt out, the
principal investigator included the following information on the website of the Department
of Clinical Nutrition, Fujita Medical School (the approval date: from 27 December 2024 to
31 March 2027). The study was conducted according to the principles of the Declaration of
Helsinki and was approved by the Research Ethics Committee of Fujita Health University
(approval number HM?24-333 (approval date: 27 December 2024)).

2.2. Data Collection

For the 102 female patients who visited our department for secondary screening,
information on age, sex, BMI, BMI at age 20, BMI ratio (present-to-age 20), grip strength,
BF%, SMI, and blood test parameters (glycated hemoglobin (HbA1c), hemoglobin (Hb),
prealbumin, albumin, cholesterol, lymphocyte count, vitamin B; vitamin By, folic acid,
and 25-hydroxyvitamin D (25(OH)D)) was obtained from medical records. Body weight
(BW), BF%, and skeletal muscle mass were measured with an InBody Dial H20N weight
analyzer (Inbody Japan Inc., Tokyo, Japan). Skeletal muscle mass index (SMI) is a measure
of skeletal muscle mass weight, which is typically calculated by dividing the appendicular
lean mass (muscle mass of the arms and legs) by height squared. BW at age 20 was a
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self-reported value confirmed during a medical interview at the time of the outpatient visit.
The BMI ratio (present-to-age 20) was calculated as the ratio of BW at present to BW at
20 years. In this study, grip strength was calculated as the average strength of both hands.
Grip strength was measured with a TOEI LIGHT grip strength tester ST3 T1781 (Toei
Light Inc., Souka, Saitama, Japan). Blood tests (hemoglobin) and white blood cell fractions
(lymphocyte count) were measured via Sysmex XN-300 (Sysmex, Kobe, Japan). Vitamin B1
was measured by the LC/MS/MS system (Shimadzu corporation, Kyoto, Japan). Vitamin
B12 and folate were measured by unicel DxI800 (Beckman Coulter, Tokyo, Japan). 250HD
was measured by Lumiplulse G1200 (Fujirebio, Tokyo, Japan).

Prealbumin, albumin, and plasma lipid concentrations (TC, TG, and HDL-C) were
measured via a Hitachi LABOSPECT008 (Hitachi High-Tech Corporation, Tokyo, Japan),
and HbAlc was measured via an Alc HA-8190 (Arkray, Kyoto, Japan).

The CONUT score, a screening tool for detecting inadequate nutrition on the basis
of a low albumin level, cholesterol level, and lymphocyte count, was calculated [20]. The
CONUT score is based on the cholesterol level, albumin level, and lymphocyte count,
which are scored on a four-point scale; scores are categorized as normal nutritional sta-
tus (0-1), mild malnutrition (2—4), moderate malnutrition (5-8), and severe malnutrition
(9-12) [20]. Plasma vitamin B; deficiency, vitamin By, deficiency, plasma folate deficiency,
vitamin D deficiency, and anemia were defined as plasma vitamin By levels < 24 ng/mL,
plasma vitamin Bi, levels < 200 pg/mL, plasma folate levels < 4 ng/mL, plasma 25(OH)D
levels < 20 ng/mL, and Hb < 11.5, respectively.

2.3. Statistical Analysis

Because this was an exploratory study, no sample size was set. The values are pre-
sented as the means (standard deviations; SDs).

First, age (20-29, 30-39, and 40-65 years), SMI (quartile range) Q1-Q4, and BF%
(quartile range) Q1-Q4 were compared between groups via one-way analysis of variance,
dividing patients into age groups or SMI quartile groups. The results are presented as the
means (SDs).

Chi-square tests were performed for group comparisons of the presence of vitamin
deficiency, the CONUT score, and the presence of anemia.

Next, multivariate analysis was performed with BMI, weight at age 20, and the ratio
of current weight to age 20 weight as dependent variables, and SMI, BF%, and age as
independent variables. Next, multivariate analyses were conducted with grip strength,
vitamin By level, total cholesterol level, lymphocyte count, and HbAlc level as dependent
variables, and SMI, BF%, and age (Model 1), or BMI and age (Model 2) as independent
variables. SPSS 29.0.20 (20) (IBM Japan) and GraphPad Prism 10 (GraphPad) were used for
statistical analysis. p < 0.05 was considered statistically significant.

3. Results

3.1. Patient Backgrounds Were Classified by Age, SMI, and Body Fat Percentage
3.1.1. BMI, BMI at 20 Years, and BMI Ratio (Present-to-Age 20 Ratio) by Age, SMI, and
Body Fat Percentage

The importance of lean body mass, or SMI, in undernutrition, has been emphasized in
terms of mortality, but the significance of BF% is less clear. Furthermore, the significance
of BMI and BF% measurements for nutritional status remains unclear. In other words, it
is unclear whether SMI and BF% reflect nutritional status. In this study, we compared
nutritional status across age (2029, 30-39, and 40-65 years), SMI, and BF% quartile ranges.
We subsequently identified factors associated with SMI and BF%. The total sample included
102 participants (20-29 yo (n = 64); 30-39 yo (n = 20); 40-65 yo (n = 18)) (Table 1).
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Table 1. Background of the participants in this study.
Age SMI BF%
Total 20-29 yo 30-39 yo 40-65 yo Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4
(n =102) (n = 64) (n = 20) (n =18) P (=260 (=25 (=25 (n=26) P (n=26 (=26 (=24 (n=26) p
33.4 32.3 31.8 33.0 31.8 28.0 30.5
Age (years) 30.9 (10.2) 24.6 (1.7) (3.0) 50.3 (6.8) <0.001 28.6(9.9) 31.00.2) (10.6) (11.3) 0.58 (10.3) (12.7) (5.6) (10.7) 0.36
BMI 16.8 16.7 17.0 17.0 17.3
(kg/mz) 17.0 (0.7) 17.0 (0.7) 07) 17.2 (0.6) 032 16.6(0.8) 16.8(0.8) 17.3(0.6) 17.3(04) <0.001 0.8) 0.6) 0.8) 0.6) 0.04
BMI at 20
years 174 (1.4) 17.3 (1.2) 17.2 18.1 (1.6) 0.09 16.5 17.2(1.1) 17.7(0.1) 18.1(7.8) <0.001 17.6 17.5 17.1 17.3 (1.0) 0.5
5 (1.7) (1.0 (1.7) (1.4) (1.4)
(kg/m?)
BMI ratio 98.5 100.6 95.3 97.8 100.0 100.4
98.3 (6.7 98.8 (5.6 96.2 (8.7 0.36 98.4(6.2) 98.0(7.1 96.3 (7.8 0.15 0.032
(%) ©6.7) (5.6) (8.1) (8.7) (5.1) 6.2) (7.1) (7.8) (7.3) (6.4) (5.6) (6.5)
SMI 7.1 7.0 7.1 7.2 74 7.2 7.0 6.7
(kg/mz) 0.4) 0.5) (0.4) 0.4) 0.2 6.5(0.2) 7.0(0.07) 7.2(0.1) 76(0.2) <0.001 (0.4) 0.4) 03) (3.2) <0.001
o 20.8 17.5 20.4 22.7
BF% 22.0 (4.0) 22.6 (4.1) (2.6) 21.2 (4.5) 013 252(4.1) 224(39) 21.6(26) 189(23) <0.001 (1.4) (0.5) (12) 27.5(2.2) <0.001
Grip 214
strength (kg) 22.5(4.8) 22.3 (5.0) 4.6) 24.1 (3.7) 0.2 20.0(3.6) 22.0(44) 232(41) 247(5.6) 0.03 239(4.6) 233(5.00 21.2(44) 215047 012

Abbreviations: BMI, body mass index; SMI, skeletal muscle mass index; BF%, body fat percentage.
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First, regarding the participants’ characteristics, mean (SD) age was 30.9 (10.2) years,
BMI was 17.0 (0.7) kg/m?, BMI at age 20 was 17.4 (1.4) kg/m?, BMI ratio (present-to-age
20) was 98.3 (6.7)%, SMI was 7.1 (0.4) kg/ m?, BF% was 22.0 (4.0)%, and grip strength was
22.5 (4.8) kg (Table 1).

Next, we examined body size and grip strength, grouped by age (20-29, 30-39, and
40-65 years), SMI (quartile range), and BF% (quartile range) (Table 1). There were no
significant differences in age between the SMI quartile groups (Q1-Q4) or BF% quartile
groups (Q1-Q4) (age: Q1:28.6 (9.9), Q2:31.0 (9.2), Q3:32.3 (10.6), and Q4:31.8 (11.3), p = 0.58
and BF%: Q1:33.0 (10.3), Q2:31.8 (12.7), Q3:28.0 (5.6), and Q4:30.5 (10.7), p = 0.36) (Table 1).
Furthermore, there were no significant differences in BMI between the age groups (20-29,
30-39, and 40-65 years) (p = 0.32) (Table 1). However, there was a significant increase in
BMI in the higher SMI groups (Q1: 16.6 (0.8), Q2: 16.8 (0.8), Q3: 17.3 (0.6), and Q4: 17.3
(0.4), p <0.001). Similarly, BMI increased as BF% increased (Q1: 16.7 (0.8), Q2: 17.0 (0.6), Q3:
17.0 (0.8), and Q4: 17.3 (0.6), p = 0.04) (Table 1).

There was no significant difference in BMI (kg/m?) at the age of 20 years among
the age groups (20-29, 30-39, and 40-65 years) or BF% groups (Q1-Q4) (p = 0.09 and
p = 0.50, respectively) (Table 1). However, BMI at the age of 20 years (kg/m?) increased
significantly as SMI increased (Q1: 16.5 (1.0), Q2: 17.2 (1.1), Q3: 17.7 (0.1), and Q4: 18.1 (7.8),
p < 0.01) (Table 1). There were no significant differences in the BMI ratio (present-to-age
20 ratio) among the age and SMI groups (p = 0.36 and p = 0.15, respectively), but a lower
BF% was associated with a significantly decreased body weight ratio between ages 20
and present (Q1: 95.3 (7.3), Q2: 97.8 (6.4), Q3: 100.0 (5.6), and Q4: 100.4 (6.5), p = 0.032)
(Table 1). SMI (kg/m?) did not differ between groups in terms of age (p = 0.2) but decreased
with increasing BF% (Q1: 7.4 (0.4), Q2: 7.2 (0.4), Q3: 7.0 (0.3), and Q4: 6.7 (3.2), p < 0.001)
(Table 1). The mean (SD) BF% was 22.0 (4.0) and did not differ significantly among the
age groups (20-29 yo: 22.6 (4.1); 30-39 yo: 20.8 (2.6); and 40-65 yo; 21.2 (4.5), p = 0.13), but
BF% decreased with increasing SMI (Q1: 25.2 (4.1), Q2: 22.4 (3.9), Q3: 21.6 (2.6), and Q4:
18.9 (2.3), p < 0.001) (Table 1). The grip strength did not significantly differ among the age
groups or BF% groups (20-29 yo: 22.3 (5.0); 30-39 yo: 21.4 (4.6); and 40-65 yo: 24.1 (3.7),
p =0.2 and Q1:23.9 (4.6); Q2:23.3 (5.0); Q3:21.2 (4.4); and Q4:21.5 (4.7), p = 0.12, respectively)
(Table 1). However, in the SMI group, there was a significant increase in grip strength (kg)
among the quartiles (Q1: 20.0 (3.6), Q2: 22.0 (4.4), Q3: 23.2 (4.1), and Q4: 24.7 (5.6), p = 0.03)
(Table 1). Thus, there were no differences in body size by age group, but in the SMI group,
BMI, BMI at age 20, and grip strength (kg) were greater with greater SMI, and the body
fat percentage decreased inversely. In the BF% group, the current body weight and BMI
ratio (present-to-age 20 ratio) were greater with greater body fat, and skeletal muscle mass
inversely decreased.

3.1.2. Vitamin Levels and Frequency of Vitamin Deficiency by Age, SMI, and Body
Fat Percentage

We previously reported a relatively high frequency of vitamin deficiency among
underweight women [17]. Therefore, we next investigated whether the frequency of
vitamin deficiencies differed by age and body size (Table 2).
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Table 2. Vitamin levels and the frequencies of vitamins in underweight women.
Age SMI BF%
(nT:‘lﬂolz) i (A s N T EEO NN 8225' Q3 (n =25 (n‘f"m p  Ql=20 Q2(=20 Q3(m=24) Qd(n=26 v
By
[24-66] 30166 30763 30007 28161 033 32001 28948  293(71) 30066 032  312(92) 292 (46) 27341 323629 0032
(ng/mL)
94 60 20 14 2 23 23 23 2 25 21 2
Normal (92%) (94%) (100%) (78%) 0.03 (96%) 92%) (92%) (89%) 079 (85%) (96%) (87%) (100%) 014
Deficienc 8 4 0 4 1 2 2 3 4 1 3 0
o (8%) (6%) (0%) (22%) (4%) (8%) (8%) (11%) (15%) (4%) (13%) (0%)
Folate
8.1 74 97 87 80 8.1 838 73 86 82 87
[>4] 0.13 0.73 6.8 (3.8) 047
(ng/mL) 4.8) 44) (5.9) 43) 4.1) (5:8) (5.1) 4.1) 43) (5.8) (52)
o 53 20 17 23 21 24 22 23 23 22 22
Normal 90 (88%) (83%) (100%) (94%) 0.08 (89%) (84%) (96%) (85%) 0.53 (88%) (88%) (92%) (85%) 09
Defici 12 (12%) 11 0 1 3 4 1 4 3 3 2 4
eficiency ° (17%) (0%) (6%) (12%) (16%) (4%) (15%) (12%) (12%) (8%) (15%)
B1p 2894 2711 338.1 2993 272 3239 2887 2942 3463 258.1
[(i)(g);[ilg (131.0) (115.8) (148.6) (152.4) 013 267.3(C2.6) (144.7) (141.9) (133.6) 046 (118.3) 262:3((54.2) (181.3) (104.8) 0.066
77 47 16 14 20 16 21 20 19 21 20 17
Normal (76%) (73%) (80%) (78%) 081 77%) (64%) (84%) (77%) 042 (73%) 81%) (83%) (65%) 0.44
Deficienc 25 17 4 4 6 9 4 6 7 5 4 9
c Y (24%) (27%) (20%) (22%) (23%) (36%) (16%) (23%) (27%) (19%) (17%) (35%)
ZOEID) 11.0 10.6 10.8
[>30] 11260 11047  121(3) : 07 104(39) - 132(6.0) ; 016 127(65) 106 (45) 105 (4.0) 112(48) 0.39
(ng/mL) (6.1) (49) (4.9)
6 3 1 2 0 1 3 2 23 24 24 25
Rl (6%) (5%) (5%) (11%) 0.58 (0%) (4%) (12%) (8%) 0.30 (88%) (92%) (100%) (96%) 0.34
. ~ . N 16 2% 24 2 24 3 2 1
Deficiency o6 O4%)  6108%) 19 B5%) (89%) (100%) 96%) (88%) 92%) (12%) (8%) 0 4%)

The normal range was represented as [XX]. The data are presented as the means £ SDs. Plasma vitamin B;
deficiency, vitamin By, deficiency, plasma folate deficiency, and vitamin D deficiency were defined as plasma
vitamin By levels < 24 ng/mL, plasma vitamin By, levels < 200 pg/mL, plasma folate levels < 4 ng/mL, and
plasma 25(OH)D levels < 20 ng/mL, respectively.

For vitamin By, the mean (SD) By level was 30.1 (6.6) ng/mL. Although there were
no significant differences in vitamin B; levels among the age or SMI groups, there were
differences in vitamin B; levels (ng/mL) according to BF% groups (Q1: 31.2 (9.2), Q2: 29.2
(4.6), Q3: 27.3 (4.1), and Q4: 32.3 (6.29), p = 0.032) (Table 2). Vitamin B deficiency was found
in 8% of the subjects, with a high frequency of 22% in the 40-65-year group, compared with
6% in the 20-29-year group and 0% in the 30-39-year group (p = 0.03). For folic acid, the
overall frequency of folic acid deficiency was 8.1 & 4.8%, with no significant differences
in folic acid deficiency among the age (20-29 yo: 17%, 30-39 yo: 0%, and 40-65 yo: 6%,
p = 0.08), SMI (Q1: 12%, Q2: 16%, Q3: 4%, and Q4: 15%, p = 0.53), or BF% groups (Q1: 12%,
Q2: 12%, Q3: 8%, and Q4: 15%, p = 0.9) (Table 2). The overall plasma By, level was 289.4
(131.0) pg/mL, and the overall frequency of plasma By, deficiency was 24%. There were
no significant differences among the groups with respect to age, SMI, or BF% (20-29 yo:
27%, 30-39 yo: 20%, and 40-65 yo: 22%, p = 0.81; Q1: 23%, Q2: 36%, Q3: 16%, and Q4:
23%, p = 0.43; Q1: 27%, Q2: 19%, Q3: 17%, and Q4: 35%, p = 0.44). The threshold for 250H
deficiency was 11.2 (5.0) ug/dl, and the overall frequency of vitamin D deficiency was 94%,
but there were no significant differences in vitamin D frequency when the age, SMI, or
BF% groups were compared (Table 2). Thus, the frequencies of vitamin By deficiency, folate
deficiency, vitamin Bj, deficiency, and vitamin D deficiency were 8%, 12%, 24%, and 94%,
respectively, but only vitamin B; deficiency significantly differed among the age groups. In
summary, the frequency of vitamin deficiencies was found to be high among underweight
individuals regardless of age, with B; deficiency being particularly common in those aged
40-65 years.

3.1.3. Albumin, Lymphocyte, Cholesterol, CONUT Score, Prealbumin, and Anemia by Age,
SMI, and Body Fat Percentage

The total cholesterol level, albumin level, and lymphocyte count are used as markers
reflecting nutritional status, and the CONUT score, which is based on the decrease in
each parameter, is often used [20]. Total cholesterol levels (mg/dL) increased with age:
20-29 years, 174.8 (26.7); 30-39 years, 166.1 (16.5); and 40-65 years, 209.4 (71.2) (p < 0.001)
(Table 3). On the other hand, total cholesterol levels (mg/dL) were not significantly different
among the SMI and body fat percentage groups (SMIL: Q1: 183.9 (27.6), Q2: 169.2 (19.4),
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Q3: 180.6 (26.2), and Q4: 182.8 (66.1), p = 0.53, and BF%: Q1: 186.3 (62.3), Q2: 181.2 (33.8),
Q3: 170.8 (19.4), and Q4: 177.9 (28.2), p = 0.57, respectively). There were no significant
differences in the serum albumin levels among the age, SMI, and BF% groups (age: 2029 yo:
4.5 (0.3); 30-39 yo: 4.5 (0.2); and 40-65 yo: 4.4 (0.3), p = 0.40; SMI: Q1: 4.5 (0.2), Q2: 4.5 (0.3),
Q3: 4.5 (0.4), and Q4: 4.5 (0.3), p = 0.97; and BF%: Q1: 4.5 (0.3), Q2: 4.4 (0.3), Q3: 4.5 (0.3),
and Q4: 4.5 (0.3), p = 0.35, respectively) (Table 3). Lymphocyte count (/uL) decreased with
increasing age: 1859.3 (493.8) in the 20-29-year age group, 1739.0 (503.4) in the 30-39-year
age group, and 1429.6 (454.1) in the 40-65-year age group. No significant differences were
found between the SMI and BF% groups (SMI: Q1: 1846.1 (530.5), Q2: 1787.7 (485.0), Q3:
1683.6 (567.8), and Q4: 1720.2 (467.8), p = 0.68; body fat%: Q1: 1620.2 (385.8), Q2: 1732.1
(522.9), Q3: 1751.3 (320.4), and Q4: 1935.3 (694.0), p = 0.16) (Table 3). In addition, for 61% of
the subjects, the CONUT score was normal, and 39% had mild undernutrition. Among the
age groups (20-29, 30-39, and 40-65 years), 30%, 50%, and 61% had mild undernutrition,
respectively. There were no differences among the groups in terms of SMI and BF% (Q1:
27%, Q2: 36%, Q3: 44%, and Q4: 50%, p = 0.35; and Q1: 54%, Q2: 38%, Q3: 25%, and Q4:
38%, p = 0.22, respectively) (Table 3). Thus, total cholesterol levels increased, lymphocyte
counts decreased, and the percentage of patients with mild undernutrition increased with
increasing age.

Prealbumin is a rapid turnover protein [26,27], and plasma prealbumin levels indicate
the amount of protein intake [28]. The overall prealbumin level was 23.6 & 4.1 mg/dl, and
the prealbumin level was not significantly different among the age, SMI, or BF% groups
(age: 23.4 (4.3), 23.7 (3.6), 24.0 (4.0), p = 0.84; SMI: Q1:23.3(4.0), Q2: 23.2 (4.4), Q3: 24.5
(4.2), and Q4: 23.3 (3.8), p = 0.65; BF%: Q1: 23.2 (4.0), Q2: 24.0 (4.7), Q3: 22.1 (3.9), and
Q4: 24.8 (3.4), p = 0.12, respectively). The overall HbAlc level was 5.4 £ 0.2%, and the
HbA1c level was not significantly different among the age and BF% groups (age: 20-29 yo:
5.4 (0.2), 30-39 yo: 5.5 (0.2), and 40-65 yo: 5.5 (0.2), p = 0.51, and BF%: Q1: 5.5 (0.2),
Q2: 5.5 (0.2), Q3: 5.5.5 (0.2), and Q4: 5.4 (0.2), p = 0.19, respectively). The HbAlc levels
were 5.4 £ 0.3%, 5.4 = 0.2%, 5.5 £ 0.2%, and 5.5 £ 0.2% in SMI quartiles 14, respectively
(p = 0.049) (Table 3). Thus, prealbumin and HbAlc levels were similar among the age, SMI,
and body fat percentage groups.

The Hb level was 13.0 &= 1.0, and 11% of the patients had anemia. There were differ-
ences in Hb levels among the age groups (20-29 years, 13.0 &+ 0.8; 30-39 years, 12.4 &= 1.5;
and 40-65 years, 13.4 + 0.9 mg/dL p = 0.006). The frequency of anemia was 9% in those
aged 20-29 years, 25% in those aged 30-39 years, and 0% in those aged 40-65 years; no
significant differences in the frequency of anemia were found in the SMI or BF% quartile
groups (SMI: 15%, 12%, 12%, and 4%, p = 0.58; BF%: 4%, 19%, 13%, and 8%, p = 0.31)
(Table 3). Thus, the frequency of anemia was highest in the 30-39-year-old group, but the
frequencies of anemia in the SMI group and BF% group were similar.
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Table 3. Nutritional markers in underweight women.
Age SMI BF%
Total 20-29 yo 30-39 yo 40-65 yo Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4
(n =102) (n = 64) (n = 20) (n =18) n=26 (=25 (n=25 (n=26) p n=26 (=260 (n=24) (n=26) p
Total
cholesterol 183.9 169.2 180.6 182.8 1863 1812 170.8 1779
[20.210] 1792(395) 1748(267) 1661(165) 2094(712) <0001 " 194) 262) 66.1) 0.53 ©623) (335) 19.4) (282) 0.57
(mg/dL)

Albumin 45 45 45 44 04 45 45 45 45 097 45 44 45 45 035
(g/dL) (0.3) (0.3) (0.2) 0.3) : 0.2) (0.3) (0.4) 0.3) : 0.3) (0.3) 0.3) (0.3) :
Lﬁ’g&g{‘ggg; 1760.0 1859.3 1739.0 1429.6 0o0s 18461 1787.7 1683.6 17202 oo 16202 1732.1 1751.3 19353 o
Uul) (510.2) (493.8) (503.4) (454.1) : (530.5) (485.0) (567.8) (467.8) : (385.8) (522.9) (320.4) (694.0) :

CONUT
score
Normal 62 45 10 7 0.03 19 16 14 13 0.35 12 16 18 16 022
(0-1) (61%) (70%) (50%) (39%) : (73%) (64%) (56%) (50%) : (46%) (62%) (75%) (62%) :
Mild 40 19 10( 11 7 9 11 13 14 10 6 10
(2-4) (39%) (30%) 50%) (61%) (27%) (36%) (44%) (50%) (54%) (38%) (25%) (38%)
Prealbumin 234
[22-40] 23.6 (4.1) @3) 237 (3.6)  240(40) 084 233(40) 232(44) 245(42) 233(38) 0.65 232(40) 240(47) 221(39) 248(34) 0.12
(mg/dL) '
[anil;] 54 5.4 55 55 051 5.4 5.4 55 55 0.049 55 55 55 5.4 019
'(%)' 0.2) (0.2) (0.2) 0.2) ' (0.3) (0.2) 0.2) 0.2) : (0.2) 0.2) (0.2) (0.2) :
Ll 13.0 13.0 13.1 177 12.8 133
11.4-14.6 ; : 124 (1.5 134 (09) 0006 13.0(0.9) 12.7(1.4) 129(09) 13.1(0.8) 0.65 ' ; ; : 0.13
[ (6/dL) | (1.0) (0.8) (tLs) o) @) () @e) ) (1.1) (0.9) (1.2) (0.9)
91 58 15 18 22 2 22 25 25 21 21 24
Normal (89%) (91%) (75%) ao0%) 903 (859 (88%) (88%) ©6%) 8 (96%) (81%) (87%) ©@20%) 031
Anemia 11 6 5 0 4 3 3 1 1 5 3 2
(11%) (9%) (25%) (0%) (15%) (12%) (12%) (4%) (4%) (19%) (13%) (8%)

The normal range was represented as [XX]. The data are presented as the means &= SDs. Plasma vitamin B; deficiency, vitamin By, deficiency, plasma folate deficiency, and vitamin D deficiency
were defined as plasma vitamin By levels < 24 ng/mL, plasma vitamin By, levels < 200 pg/mL, plasma folate levels < 4 ng/mL, and plasma 25(OH)D levels < 20 ng/mL, respectively.
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3.2. Multivariate Analysis of the Associations Between Body Size and Nutritional Markers
3.2.1. Body Fat Percentage Rather than SMI Is Associated with the BMI Ratio
(Present-to-Age 20 Ratio)

The present study focused on SMI and BF% rather than BMI, as it aims to clarify how
SMI and body fat percentage affect nutritional status. To this end, multivariate analyses
were conducted with BF% and SMI as independent variables and BMI, BMI at age 20, or
the BMI ratio (present to age 20) as dependent variables (Table 4).

Table 4. Multivariate regression analysis of the associations between SMI, BF%, and BML

. Dependent o
Independent Variable Variable B (95% CI) p

BMI (kg/m?) Age 0.007 [—-0.001, 0.02] 0.099
SMI (kg/m?) 1.6[1.4,1.9] <0.001
BF% 0.2[0.1,0.2] <0.001

BMI (kg/m?) at 20 yo Age 0.03 [0.006, 0.06] 0.014
SMI (kg/m?) 1.77 [1.06, 2.5] <0.001

BF% 1.77[0.01, 0.2] 0.027

BMI ratio (vs. 20 yo) Age —0.1[-0.2,0.01] 0.08

SMI (kg/m?) —04[—4.2,3.6] 0.83

BF% 0.5[0.05, 0.9] 0.03

Multivariate analysis was performed with BMI, weight at age 20, and the ratio of current weight to age 20 weight
as dependent variables, and SMI, BF%, and age as independent variables. Abbreviations: BMI, body mass index;
SMI, skeletal muscle mass index; BF%, body fat percentage.

BMI was positively associated with SMI (3 [95% CI]: 1.6 [1.4, 1.9], p < 0.001) and BF%
(B [95% CI]: 0.2 [0.1, 0.2], p < 0.001); BMI at age 20 was positively associated with age (3
[95% CI]: 0.03 [0.006, 0.06], p = 0.014), SMI (B [95% CI]: 1.77 [1.06, 2.5], p < 0. 001), and
body fat percentage (3 [95% CI]:1.77 [0.01,0.2], p = 0.027); BMI (present to age 20 years)
was positively associated with only BE% (3 [95% CI]:0.5 [0.05, 0.9], p = 0.03). In summary,
weight change since the age of 20 years was found to be related to BF%.

3.2.2. SMI and Body Fat Percentage Are Associated with Grip Strength and Lymphocytes,
Respectively

Finally, multivariate analyses were performed for items related to nutrition (grip
strength, vitamin By level, cholesterol level, lymphocyte count, and HbAlc level) for Model
1 (age, SMI, and body fat percentage) and Model 2 (age and BMI). Grip strength was
positively associated with SMI (3 [95% CI]: 4.0 [1.4, 6.6], p = 0.003) but not with body fat
percentage (p = 0.68) (Table 5). There was also no association between grip strength and
BMI (3 [95% CI]: 0.8 [-0.5, 2.1], p = 0.22). The vitamin By level was not associated with SMI
or body fat percentage (3 [95% CI]: —0.7 [—4.5, 3.1], p = 0.61 and 3 [95% CI]: 0.1 [—0.3, 0.5]
p = 0.72, respectively). Vitamin B1 level was also not associated with BMI (3 [95% CI]: 0.5
[—1.3,2.3], p = 0.6). Total cholesterol level was associated with age in both Models 1 and 2
(B [95% CI]: 1.2 [0.5, 2.0], p = 0.001; and 3 [95% CI]: 1.3 [0.6, 2.0], p < 0.001; respectively)
but not with SMI, BF%, or BMI (SMIL;  [95% CI]: —2.3 [-24.2, 19.5], p = 0.83; body fat
percentage: 3 [95% CI]: —1.0[—3.4, 1.4], p = 0.4; BMLI: 3 [95% CI]: —1.7 [-12.0, 8.6], p = 0.74).
Lymphocyte count was negatively associated with age (p [95% CI]: —13.9 [-23.3, —4.5],
p =0.004; and —15.9 [-25.4, —6.4], p = 0.001; respectively) in both Model 1 and Model 2.
Furthermore, lymphocyte count was positively associated with BF% (3 [95% CI]: 36.2 [6.0,
66.5], p = 0.02). Finally, the HbAlc level was not associated with age, SMI, or body fat
percentage (age: 3 [95% CI]: 0.002 [—0.003,0.006], p = 0.46; SMI: 3 [95% C1]:0.05 [—-0.08,0.2]
p = 0.48; body fat%; 3 [95% CI]:—0.006 [—0.02,0.008], p = 0.39, respectively). In Model 2,
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the HbAlc level was also not associated with BMI or age (3 [95% CI]: 0.002 [—-0.002, 0.007],
p =0.27 and 3 [95% CI]: 0.002 [—0.06, 0.06], p = 0.95, respectively). Thus, grip strength was
positively associated with SMI, and lymphocyte count was positively associated with BF%.

Table 5. Multivariate regression analysis of the associations between SMI or BF% and nutritional markers.

MODEL 1 MODEL 2
Independent . o o
Variable Dependent Variable B (95% CI) p B (95% CI) p
Grip strength (kg) Age 0.05[—0.04, 0.1] 0.24 0.07 [-0.02, 0.2] 0.13
SMI (kg/m?) 4.0[1.4,6.6] 0.003
BF% 0.06 [—0.2, 0.3] 0.68
BMI 0.8 [—0.5,2.1] 0.22
B; (ng/mL) Age —0.07 [—-0.2, 0.06] 0.32 —0.08 [—0.2, 0.05] 0.22
SMI (kg/m?) —0.7 [—4.5,3.1] 0.61
BF% 0.1[—0.3,0.5] 0.72
BMI 0.5[—1.3,2.3] 0.6
Total cholesterol
(mg/dL) Age 1.2[0.5,2.0] 0.001 1.3[0.6,2.0] <0.001
SMI (kg/m?) —2.3[-24.2,19.5] 0.83
BF% —1.0[-3.4,1.4] 0.4
BMI —1.7[-12.0, 8.6] 0.74
Lymphocyte (/uL) Age —13.9[-23.3, —4.5] 0.004 —15.9[—25.4, —6.4] 0.001
SMI (kg/m?) 118.5 [—158.7, 395.8] 0.4
BF% 36.2[6.0, 66.5] 0.02
BMI 90.7 [—42.5, 224.0] 0.18
HbA1lc (%) Age 0.002 [—0.003, 0.006] 0.46 0.002 [—0.002, 0.007] 0.27
SMI (kg/m?) 0.05[—0.08, 0.2] 0.48
BF% —0.006 [—0.02, 0.008] 0.39
BMI 0.002 [—0.06,0.06] 0.95

Multivariate analyses were conducted with grip strength, vitamin By level, total cholesterol level, lymphocyte count,
and HbA1c level as dependent variables, and SMI, BF%, and age (Model 1) or BMI and age (Model 2) as independent
variables. Abbreviations: BMI, body mass index; SMI, skeletal muscle mass index; BF%, body fat percentage.

4. Discussion

In the present study, we aimed to clarify the associations between SMI or BF% and
several nutritional markers in underweight women. We determined whether SMI and
BF% were associated with markers reflecting nutritional status in women (BMI < 17.5)
who were referred to an outpatient nutritional evaluation clinic for checkups. Among
the age groups, the frequency of vitamin Bl deficiency was particularly high (22%) in
the 40-65-year age group. Cholesterol levels increased with age, whereas lymphocyte
count decreased, with a positive CONUT score indicating that the degree of undernutrition
increased to 61% at 40 years of age. When the data were divided into SMI quartiles, the grip
strength and BMI ratio (present-to-age 20 ratio) increased with increasing SMI, whereas
BF% decreased. In the quartile group for BF%, as body fat increased, BMI and the BMI ratio
(present to age 20 ratio) increased, and SMI decreased in the opposite direction. According
to the multivariate analysis, BMI was positively associated with SMI and BF%, whereas the
BMI ratio (present-to-age 20 ratio) was positively associated with BF% but not with SML
Grip strength was positively associated with SMI, and lymphocyte count was positively
associated with BF%. These results indicate that SMI reflects grip strength and that BF%
reflects weight change and lymphocyte count from the age of 20 years. These results
suggest that it is important to evaluate SMI and BF%, or their respective components (grip
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strength and triceps subcutaneous fat thickness), in addition to simply measuring body
weight when following patients with low nutritional status.

Vitamin B1 deficiency was most common among those aged 40-65 years, as in our
previous study [4]. Folic acid deficiency was also most common at 20 years, although the
difference was not significant. The levels of vitamin Bj, and vitamin D were high in all age
groups. These results were similar to those of a previous study [4]. Our previous studies
revealed that dietary diversity, which is related to nutrient intake and is an indicator of
dietary quality, improved with increasing age [4,32]. However, the relatively low rate of
fish intake may be responsible for the high frequency of vitamin By, and D deficiency [4,32].
Because folic acid and vitamin B12 are associated with fetal malformations such as neural
tube defects [33,34], it is necessary to promote folic acid and vitamin B, intake, especially
at younger ages. We have been conducting cooking classes at workplaces to improve food
diversity; however, increased diversity with increasing age implies significant socioeconomic
influences, such as marriage and eating with a family. The addition of vitamin D to dairy
beverages (milk-based drinks) is also available in Japan [35], which may be effective since it
provides calcium, vitamin D, and easily absorbed protein [36].

First, SMI and BF% were positively associated with BMI, but a nutritional marker specif-
ically associated with SMI was muscle strength. There was a positive association between
grip strength and BF%. Many studies have revealed an association between grip strength
and SMI in undernourished patients, although the target patients differ [12-14,37—41]. In fact,
grip strength is used to diagnose sarcopenia in smaller hospitals, whereas the bioimpedance
assay (BIA) or dual X-ray absorptiometry (DXA) method is used to determine SMI in larger
hospitals [28]. The patients included in this study were a group of patients with few complica-
tions of chronic inflammation, and identifying patients with large fluctuations in SMI from
the age of 20 years was difficult. However, since SMI is expected to decrease significantly in a
population of undernourished patients complicated by malignant and chronic diseases, the
measurement of not only BMI but also SMI and body fat percentage using a body composition
analyzer over time is considered important for the evaluation of muscle mass.

Next, one of the nutritional markers specifically related to BF% is the BMI ratio (present-
to-age 20 ratio). There was a positive association between the BMI ratio (present-to-age
20 ratio) and BF%. Body weight was lower than that at the age of 20 years (98.8 (5.6) in the
20s,98.5(8.1) in the 30 s, and 96.2 (8.7) in the 40 s). During starvation without underlying
disease, muscle loss is very mild, and a decrease in body fat mass occurs, with free fatty
acids and ketones used as energy [37]. Therefore, changes in adipose tissue weight, not
muscle loss, are attributed to weight changes. On the basis of the above findings, weight
changes from 20 to 29 years were thought to be due to changes in fat weight rather than
muscle weight.

Finally, one of the nutritional markers specifically related to BF% is lymphocyte
count. This study revealed a positive correlation between lymphocyte count and BF%.
Lymphocyte count, along with albumin and cholesterol levels, are among the nutritional
indicators employed in the CONUT score and are known to decrease with low nutritional
status [20,42]. In Japanese women, low body weight is reported to be a risk factor for low
lymphocyte counts [4,43]. In adults, approximately 20% to 40% of white blood cells in the
body are lymphocytes. These cells help protect the body from infection. If individuals have
low numbers of lymphocytes (lymphopenia), they are at increased risk of infection [44]. In
nutritional science, a low lymphocyte count is considered to indicate a decrease in immune
function [44]. This study is the first to show that lower lymphocyte counts with low
nutritional status reflect lower fat weight rather than BMI in Japanese women. Obesity is
linked to increased lymphocyte counts, which can contribute to inflammation; furthermore,
lymphocyte counts have been reported to be correlated with insulin resistance (homeostatic
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model assessment of insulin resistance (HOMA-IR)) and BMI [45]. In the adipose tissue of
obese patients, lymphocyte infiltration modulates macrophage function, and the number
of lymphocytes is correlated with insulin resistance (HOMA-IR) and BMI [46]. In obese
patients, lymphocyte infiltration in adipose tissue modulates macrophage function and
is implicated in adipose tissue inflammation [46]. A low amount of adipose tissue and
therefore a low lymphocyte count can also indicate low inflammation. However, sufficient
protein and nutrients are necessary to produce lymphocytes, as protein-energy malnutrition
leads to reduced production of lymphocytes [47,48]. Zinc is positively associated with
lymphocyte counts [49]. In the future, the possibility of protein—energy wasting (PEW) and
zinc deficiency may need to be considered in undernourished patients with a low body
fat percentage.

There are several limitations in this study. One limitation of this study is that it is
a cross-sectional, observational, exploratory study. Therefore, a valid sample size was
not calculated. Second, it should be noted that this study was conducted in a relatively
medically literate population. Notably, even in a population with high health literacy, such
as nurses and pharmacists, the proportion of underweight women is high, especially in the
20-29-year age group. The fact that the proportion of underweight women increases with
age may mean that young women, literate or illiterate, have a poor dietary environment.
Future analyses may need to include economic aspects, sleeping hours, and working
hours. Second, there was a limited association with biochemical nutritional markers. For
example, vitamin D is stored in adipose tissue, so we hypothesized that there might be an
association between 250HD and adipose tissue weight. However, since vitamin D stored
in adipose tissue is vitamin D3 and 250HD is present mostly in blood [50], no association
was likely. Vitamin B; was not associated with fat or muscle weight because vitamin By is
not readily stored, while folic acid and vitamin Bj, are present in the liver [51]. HbAlc was
also not associated with BF% or SMI because HbA1lc was nearly normal. Unsurprisingly,
cholesterol is also unrelated to fat and muscle weight, since the liver is the main regulator
of cholesterol. Therefore, there was little association between fat weight or muscle and
biochemical markers.

Third, the present study was limited to underweight young and middle-aged women.
To generalize the results to men, analysis involving men is also needed. Fourth, because
we used a home-use Inbody device, it has limitations as a method for measuring muscle
mass and adiposity. The reason for using a home-use machine is that the results of this
study can applied to regular clinics that are not expensive. Compared with the home-use
Inbody device, professional BIA measuring devices used in hospitals offer advantages such
as higher frequency and greater water content; however, in reality, in cases with increased
body fluid volume, the phase angle is often used to evaluate muscle mass, even with
professional BIA methods [52]. There are other methods of assessing body composition,
such as the DXA method, but this method also calculates the water content at 73%, meaning
that edema and dehydration can cause measurement errors [28,52]. Although the subjects
in this study did not have edema, and therefore, no problems arose, it is thought that the
Inbody device for home use is less accurate than the Inbody device for professional use.
Nevertheless, all methods have limitations related to changes in body fluid volume.

5. Conclusions

We examined the associations between body size and nutritional indices in under-
weight women. We found that SMI and BF% play different roles in grip strength and
lymphocyte counts, respectively. These findings suggest that SMI and BF% are nutritional
markers that are independent of BMI. This study also revealed a link between lymphocyte
counts and BF%. Further investigations are needed to clarify the relationship between
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lymphopenia and lower BF%. Future investigations involving minerals such as zinc are
needed to clarify this mechanism. Focusing medical care not only on BMI but also on SMI
and BF% may lead to a comprehensive nutritional assessment that includes muscle strength
and immune function.

Author Contributions: Conceptualization, K.I.; formal analysis, K.I.; investigation, E.H.; resources,
K.I; data curation, K.I.; writing—original draft preparation, E.H., K.D., C.U., RY.-W,, and K.I;
writing—review and editing, K.I.; visualization, K.I.; supervision, H.N.; project administration, K.I;
funding acquisition, K.I. All authors have read and agreed to the published version of the manuscript.

Funding: This research received funding from the Dairy Products Health Science Council (Japan
Milk Academic Alliance).

Institutional Review Board Statement: This study was conducted according to the principles of
the Declaration of Helsinki and was approved by the Research Ethics Committee of Fujita Health
University (approval number HM24—333, approval date: 27 December 2024).

Informed Consent Statement: Consent was not obtained directly from the participants because infor-
mation about the conduct of the study, including the purpose of the study, was notified or disclosed in
an opt-out document on the website, and the opportunity to refuse was ensured whenever possible.

Data Availability Statement: Some or all datasets generated and/or analyzed during the current study
are not publicly available but are available from the corresponding author upon reasonable request.

Acknowledgments: We would like to thank the participants for their invaluable contributions. The
authors wish to thank Kenichiro Tkeda and Mihoko Ito for their assistance in this study.

Conflicts of Interest: The authors declare that they have no conflicts of interest.

Abbreviations

The following abbreviations are used in this manuscript:

SMI Skeletal muscle mass index
BF% Body fat percentage
CONUT  CONitrolling NUTritional status

References

1.  Kodama, H. Problems of Underweight in Young Females and Pregnant Women in Japan. Jpn. Med. Assoc. ]. 2010, 53, 285-289.

2. Available online: https://www.mhlw.go.jp/content/10900000/001296359.pdf (accessed on 4 May 2025).

3. lizuka, K.; Kobae, K.; Yanagi, K.; Yamada, Y.; Deguchi, K.; Ushiroda, C.; Seino, Y.; Suzuki, A.; Saitoh, E.; Naruse, H. Differing
Effects of Body Size on Circulating Lipid Concentrations and Hemoglobin Alc Levels in Young and Middle-Aged Japanese
Women. Healthcare 2024, 12, 465. [CrossRef] [PubMed]

4. lizuka, K.; Sato, H.; Kobae, K.; Yanagi, K.; Yamada, Y.; Ushiroda, C.; Hirano, K.; Ichimaru, S.; Seino, Y.; Ito, A.; et al. Young
Japanese Underweight Women with “Cinderella Weight” Are Prone to Malnutrition, including Vitamin Deficiencies. Nutrients
2023, 15, 2216. [CrossRef]

5. Tatsumi, Y.; Higashiyama, A.; Kubota, Y.; Sugiyama, D.; Nishida, Y.; Hirata, T.; Kadota, A.; Nishimura, K.; Imano, H.; Miyamatsu,
N.; et al. Underweight Young Women without Later Weight Gain Are at High Risk for Osteopenia after Midlife: The KOBE Study.
J. Epidemiol. 2016, 26, 572-578. [CrossRef]

6. Boutari, C.; Pappas, PD.; Mintziori, G. The effect of underweight on female and male reproduction. Metabolism 2020, 107, 154229.
[CrossRef]

7. Jauch-Chara, K.; Schmoller, A.; Oltmanns, K.M. Impaired glucose tolerance in healthy men with low body weight. Nutr. J. 2011,
10, 16. [CrossRef]

8.  Yamamoto, S.; Wada, Y. Awareness, use and information sources of folic acid supplementation to prevent neural tube defects in
pregnant Japanese women. Public Health Nutr. 2018, 21, 732-739. [CrossRef]

9. Tabara, Y.; Setoh, K.; Kawaguchi, T.; Matsuda, F. Skeletal muscle mass index is independently associated with all-cause mortality
in men: The Nagahama study. Geriatr. Gerontol. Int. 2022, 22, 956-960. [CrossRef]


https://www.mhlw.go.jp/content/10900000/001296359.pdf
https://doi.org/10.3390/healthcare12040465
https://www.ncbi.nlm.nih.gov/pubmed/38391840
https://doi.org/10.3390/nu15092216
https://doi.org/10.2188/jea.JE20150267
https://doi.org/10.1016/j.metabol.2020.154229
https://doi.org/10.1186/1475-2891-10-16
https://doi.org/10.1017/S1368980017003172
https://doi.org/10.1111/ggi.14491

Nutrients 2025, 17, 1766 15 of 16

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.
34.

35.
36.

37.

Fukuoka, Y.; Narita, T.; Fujita, H.; Morii, T.; Sato, T.; Sassa, M.H.; Yamada, Y. Importance of physical evaluation using skeletal
muscle mass index and body fat percentage to prevent sarcopenia in elderly Japanese diabetes patients. J. Diabetes Investig. 2019,
10, 322-330. [CrossRef]

Wang, Y.; Luo, D.; Liu, J.; Song, Y.; Jiang, B.; Jiang, H. Low skeletal muscle mass index and all-cause mortality risk in adults: A
systematic review and meta-analysis of prospective cohort studies. PLoS ONE 2023, 18, €0286745. [CrossRef]

Chai, L.; Zhang, D.; Fan, ]. Comparison of grip strength measurements for predicting all-cause mortality among adults aged 20+
years from the NHANES 2011-2014. Sci. Rep. 2024, 14, 29245. [CrossRef] [PubMed]

Arai, H.; Ikegawa, N.; Nozoe, M.; Kamiya, K.; Matsumoto, S. Association between Skeletal Muscle Mass Index and Convalescent
Rehabilitation Ward Achievement Index in Older Patients. Prog. Rehabil. Med. 2022, 7, 20220003. [CrossRef]

Tanaka, K.I.; Morisato, Y.; Nakajima, H.; Kanasaki, K.; Sugimoto, T.; Kanazawa, I. Which Is a Better Skeletal Muscle Mass Index
for the Evaluation of Physical Abilities: The Present Height or Maximum Height? Intern. Med. 2021, 60, 1191-1196. [CrossRef]
Saldanha, N.; Fisher, M. Menstrual disorders in adolescents and young adults with eating disorders. Curr. Probl. Pediatr. Adolesc.
Health Care. 2022, 52, 101240. [CrossRef]

Baker, E.R. Body weight and the initiation of puberty. Clin. Obstet. Gynecol. 1985, 28, 573-579. [CrossRef]

Frisch, R.E. Body fat, menarche, fitness and fertility. Hum. Reprod. 1987, 2, 521-533. [CrossRef]

Wei, S.; Nguyen, T.T.; Zhang, Y; Ryu, D.; Gariani, K. Sarcopenic obesity: Epidemiology, pathophysiology, cardiovascular disease,
mortality, and management. Front. Endocrinol. 2023, 14, 1185221. [CrossRef]

Donini, L.M.; Busetto, L.; Bischoff, S.C.; Cederholm, T.; Ballesteros-Pomar, M.D.; Batsis, J.A.; Bauer, ].M.; Boirie, Y.; Cruz-Jentoft,
A.].; Dicker, D.; et al. Definition and Diagnostic Criteria for Sarcopenic Obesity: ESPEN and EASO Consensus Statement. Obes.
Facts. 2022, 15, 321-335. [CrossRef]

Ignacio de Ulibarri, ].; Gonzélez-Madrofio, A.; de Villar, N.G.; Gonzdlez, P.; Gonzélez, B.; Mancha, A.; Rodriguez, F.; Fernandez, G.
CONUT: A tool for controlling nutritional status. First validation in a hospital population. Nutr. Hosp. 2005, 20, 38—45. [PubMed]
Rinninella, E.; Borriello, R.; D’Angelo, M.; Galasso, T.; Cintoni, M.; Raoul, P.; Impagnatiello, M.; Annicchiarico, B.E.; Gasbarrini,
A.; Mele, M.C. COntrolling NUTritional Status (CONUT) as Predictive Score of Hospital Length of Stay (LOS) and Mortality: A
Prospective Cohort Study in an Internal Medicine and Gastroenterology Unit in Italy. Nutrients 2023, 15, 1472. [CrossRef]

Hao, R.; Qi, X; Xia, X.; Wang, L.; Li, X. Malnutrition on admission increases the in-hospital mortality and length of stay in elder
adults with acute ischemic stroke. J. Clin. Lab. Anal. 2022, 36, €24132. [CrossRef] [PubMed]

Liu, C.; Zhu, M.; Yang, X.; Cui, H.; Li, Z.; Wei, J. Controlling Nutritional Status Score as a Predictive Marker of In-hospital
Mortality in Older Adult Patients. Front. Nutr. 2021, 8, 738045. [CrossRef]

Muraki, I. Muscle Mass Assessment in Sarcopenia: A Narrative Review. JMA J. 2023, 6, 381-386. [PubMed]

Chen, L K,; Woo, J.; Assantachai, P.; Auyeung, TW.; Chou, M.Y;; lijima, K,; Jang, H.C.; Kang, L.; Kim, M.; Kim, S.; et al. Asian
Working Group for Sarcopenia: 2019 Consensus Update on Sarcopenia Diagnosis and Treatment. J. Am. Med. Dir. Assoc. 2020, 21,
300-307.e2. [CrossRef]

Keller, U. Nutritional Laboratory Markers in Malnutrition. J. Clin. Med. 2019, 8, 775. [CrossRef]

Available online: https://www.verywellhealth.com /body-fat-percentage-chart-8550202#:~:text=Athletes:%2014%E2%80%93
20%25,0bese):%2032%25%20and %200ver (accessed on 1 May 2025).

Sun, G.; French, C.R.; Martin, G.R.; Younghusband, B.; Green, R.C.; Xie, Y.G.; Mathews, M.; Barron, ].R.; Fitzpatrick, D.G.; Gulliver,
W.; et al. Comparison of multifrequency bioelectrical impedance analysis with dual-energy X-ray absorptiometry for assessment
of percentage body fat in a large, healthy population. Am. J. Clin. Nutr. 2005, 81, 74-78. [CrossRef]

Fujioka, S.; Matsuzawa, Y.; Tokunaga, K.; Tarui, S. Contribution of intra-abdominal fat accumulation to the impairment of glucose
and lipid metabolism in human obesity. Metabolism 1987, 36, 54-59. [CrossRef]

Matsuzawa, Y.; Nakamura, T.; Shimomura, I.; Kotani, K. Visceral fat accumulation and cardiovascular disease. Obes. Res. 1995, 3
(Suppl. S5), 6455-647S. [CrossRef]

Potter, A.W.; Chin, G.C.; Looney, D.P; Friedl, K.E. Defining Overweight and Obesity by Percent Body Fat Instead of Body Mass
Index. J. Clin. Endocrinol. Metab. 2025, 110, e1103-e1107. [CrossRef]

lizuka, K.; Yanagi, K.; Deguchi, K.; Ushiroda, C.; Yamamoto-Wada, R.; Kobae, K.; Yamada, Y.; Naruse, H. Sex and Age Differences
in the Effects of Food Frequency on Metabolic Parameters in Japanese Adults. Nutrients 2024, 16, 2931. [CrossRef]

Available online: https://www.nhs.uk/conditions/vitamin-b12-or-folate-deficiency-anaemia/ (accessed on 1 May 2025).
Black, M.M. Effects of vitamin B12 and folate deficiency on brain development in children. Food Nutr Bull. 2008, 29 (Suppl. S2),
5126-5131. [CrossRef] [PubMed] [PubMed Central]

Available online: https://www.oist.jp/resource-center/milk (accessed on 1 May 2024).

Suzuki, Y.; Maruyama-Nagao, A.; Sakuraba, K.; Kawai, S. Milk fortified with vitamin D could reduce the prevalence of vitamin D
deficiency among Japanese female college students. Arch. Osteoporos. 2014, 9, 188. [CrossRef]

Barendregt, K.; Soeters, P.; Allison, S.; Sobotka, L. Basics in clinical nutrition: Simple and stress starvation. E-Spen Eur. E-J. Clin.
Nutr. Metab. 2018, 3, e267—271. [CrossRef]


https://doi.org/10.1111/jdi.12908
https://doi.org/10.1371/journal.pone.0286745
https://doi.org/10.1038/s41598-024-80487-y
https://www.ncbi.nlm.nih.gov/pubmed/39587152
https://doi.org/10.2490/prm.20220003
https://doi.org/10.2169/internalmedicine.5792-20
https://doi.org/10.1016/j.cppeds.2022.101240
https://doi.org/10.1097/00003081-198528030-00013
https://doi.org/10.1093/oxfordjournals.humrep.a136582
https://doi.org/10.3389/fendo.2023.1185221
https://doi.org/10.1159/000521241
https://www.ncbi.nlm.nih.gov/pubmed/15762418
https://doi.org/10.3390/nu15061472
https://doi.org/10.1002/jcla.24132
https://www.ncbi.nlm.nih.gov/pubmed/34877710
https://doi.org/10.3389/fnut.2021.738045
https://www.ncbi.nlm.nih.gov/pubmed/37941710
https://doi.org/10.1016/j.jamda.2019.12.012
https://doi.org/10.3390/jcm8060775
https://www.verywellhealth.com/body-fat-percentage-chart-8550202#:~:text=Athletes:%2014%E2%80%9320%25,obese):%2032%25%20and%20over
https://www.verywellhealth.com/body-fat-percentage-chart-8550202#:~:text=Athletes:%2014%E2%80%9320%25,obese):%2032%25%20and%20over
https://doi.org/10.1093/ajcn/81.1.74
https://doi.org/10.1016/0026-0495(87)90063-1
https://doi.org/10.1002/j.1550-8528.1995.tb00481.x
https://doi.org/10.1210/clinem/dgae341
https://doi.org/10.3390/nu16172931
https://www.nhs.uk/conditions/vitamin-b12-or-folate-deficiency-anaemia/
https://doi.org/10.1177/15648265080292S117
https://www.ncbi.nlm.nih.gov/pubmed/18709887
https://pmc.ncbi.nlm.nih.gov/articles/PMC3137939
https://www.oist.jp/resource-center/milk
https://doi.org/10.1007/s11657-014-0188-x
https://doi.org/10.1016/j.eclnm.2008.06.006

Nutrients 2025, 17, 1766 16 of 16

38.

39.

40.

41.

42.

43.

44.
45.

46.

47.

48.

49.

50.

51.

52.

Moreau, J.; Ordan, M.A.; Barbe, C.; Mazza, C.; Perrier, M.; Botsen, D.; Brasseur, M.; Portefaix, C.; Renard, Y.; Talliére, B.; et al.
Correlation between muscle mass and handgrip strength in digestive cancer patients undergoing chemotherapy. Cancer Med.
2019, 8, 3677-3684. [CrossRef]

De, A.; Kumari, S.; Kaur, A.; Singh, A.; Kalra, N.; Singh, V. Hand-grip strength as a screening tool for sarcopenia in males with
decompensated cirrhosis. Indian J. Gastroenterol. 2022, 41, 284-291. [CrossRef]

Meerkerk, C.D.A.; Chargi, N.; de Jong, P.A.; van den Bos, F; de Bree, R. Sarcopenia measured with handgrip strength and skeletal
muscle mass to assess frailty in older patients with head and neck cancer. J. Geriatr. Oncol. 2021, 12, 434—440. [CrossRef]
Benavides-Rodriguez, L.; Garcia-Hermoso, A.; Rodrigues-Bezerra, D.; Izquierdo, M.; Correa-Bautista, J.E.; Ramirez-Vélez, R.
Relationship between Handgrip Strength and Muscle Mass in Female Survivors of Breast Cancer: A Mediation Analysis. Nutrients
2017, 9, 695. [CrossRef]

Lo Buglio, A.; Bellanti, F.; Carmignano, D.EP,; Serviddio, G.; Vendemiale, G. Association between Controlling Nutritional Status
(CONUT) Score and Body Composition, Inflammation and Frailty in Hospitalized Elderly Patients. Nutrients 2024, 16, 576.
[CrossRef]

Nishida, T.; Sakakibara, H. Association between underweight and low lymphocyte count as an indicator of malnutrition in
Japanese women. |. Womens Health 2010, 19, 1377-1383. [CrossRef]

What Is Lymphopenia. Available online: https:/ /www.nhlbi.nih.gov/health /lymphopenia (accessed on 1 May 2025).

Ryder, E.; Diez-Ewald, M.; Mosquera, ].; Fernandez, E.; Pedreafiez, A.; Vargas, R.; Pefia, C.; Ferndndez, N. Association of obesity
with leukocyte count in obese individuals without metabolic syndrome. Diabetes Metab. Syndr. 2014, 8, 197-204. [CrossRef]
Kintscher, U.; Hartge, M.; Hess, K.; Foryst-Ludwig, A.; Clemenz, M.; Wabitsch, M.; Fischer-Posovszky, P,; Barth, T.F.; Dragun, D.;
Skurk, T.; et al. T-lymphocyte infiltration in visceral adipose tissue: A primary event in adipose tissue inflammation and the
development of obesity-mediated insulin resistance. Arterioscler. Thromb. Vasc. Biol. 2008, 28, 1304-1310. [CrossRef] [PubMed]
Zhang, K.; Qin, W.; Zheng, Y.; Pang, J.; Zhong, N.; Fei, |.; Li, Y.; Jian, X.; Hou, X.; Hu, Z.; et al. Malnutrition Contributes to Low
Lymphocyte Count in Early-Stage Coronavirus Disease-2019. Front. Nutr. 2022, 8, 739216. [CrossRef] [PubMed] [PubMed Central]
Saito, H.; Nomura, K.; Hotta, M.; Takano, K. Malnutrition induces dissociated changes in lymphocyte count and subset proportion
in patients with anorexia nervosa. Int. J. Eat. Disord. 2007, 40, 575-579. [CrossRef] [PubMed]

Fukasawa, H.; Yamawaki, M.; Furuya, J.; Omata, K.; Kaneko, M.; Matsuyama, T.; Yasuda, H.; Furuya, R. The effects of zinc
supplementation on body fat mass in hemodialysis patients: An open-label randomized controlled trial. Ther. Apher. Dial. 2025,
29,170-177. [CrossRef]

Heaney, R.P,; Horst, R.L.; Cullen, D.M.; Armas, L.A. Vitamin D3 distribution and status in the body. J. Am. Coll Nutr. 2009, 28,
252-256. [CrossRef]

Combs, G.F. The Vitamins: Fundamental Aspects in Nutrition and Health, 3rd ed.; Elsevier Academic Press: Amsterdam, The
Netherlands, 2008.

Akamatsu, Y.; Kusakabe, T.; Arai, H.; Yamamoto, Y.; Nakao, K.; Ikeue, K.; Ishihara, Y.; Tagami, T.; Yasoda, A.; Ishii, K.; et al. Phase
angle from bioelectrical impedance analysis is a useful indicator of muscle quality. J. Cachexia Sarcopenia Muscle 2022, 13, 180-189.
[CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1002/cam4.2238
https://doi.org/10.1007/s12664-022-01255-2
https://doi.org/10.1016/j.jgo.2020.10.002
https://doi.org/10.3390/nu9070695
https://doi.org/10.3390/nu16050576
https://doi.org/10.1089/jwh.2009.1857
https://www.nhlbi.nih.gov/health/lymphopenia
https://doi.org/10.1016/j.dsx.2014.09.002
https://doi.org/10.1161/ATVBAHA.108.165100
https://www.ncbi.nlm.nih.gov/pubmed/18420999
https://doi.org/10.3389/fnut.2021.739216
https://www.ncbi.nlm.nih.gov/pubmed/35071291
https://pmc.ncbi.nlm.nih.gov/articles/PMC8770860
https://doi.org/10.1002/eat.20417
https://www.ncbi.nlm.nih.gov/pubmed/17584867
https://doi.org/10.1111/1744-9987.14218
https://doi.org/10.1080/07315724.2009.10719779
https://doi.org/10.1002/jcsm.12860

	Introduction 
	Materials and Methods 
	Subjects 
	Data Collection 
	Statistical Analysis 

	Results 
	Patient Backgrounds Were Classified by Age, SMI, and Body Fat Percentage 
	BMI, BMI at 20 Years, and BMI Ratio (Present-to-Age 20 Ratio) by Age, SMI, and Body Fat Percentage 
	Vitamin Levels and Frequency of Vitamin Deficiency by Age, SMI, and Body Fat Percentage 
	Albumin, Lymphocyte, Cholesterol, CONUT Score, Prealbumin, and Anemia by Age, SMI, and Body Fat Percentage 

	Multivariate Analysis of the Associations Between Body Size and Nutritional Markers 
	Body Fat Percentage Rather than SMI Is Associated with the BMI Ratio (Present-to-Age 20 Ratio) 
	SMI and Body Fat Percentage Are Associated with Grip Strength and Lymphocytes, Respectively 


	Discussion 
	Conclusions 
	References

