
TYPE Original Research

PUBLISHED 25 November 2022

DOI 10.3389/fpsyt.2022.941043

OPEN ACCESS

EDITED BY

Georg Halbeisen,

Ruhr-University Bochum, Germany

REVIEWED BY

Pasquale Scognamiglio,

Department of Mental Health, Italy

Seung Jun Kim,

Konyang University, South Korea

*CORRESPONDENCE

Youl-Ri Kim

youlri.kim@paik.ac.kr

SPECIALTY SECTION

This article was submitted to

Psychological Therapy and

Psychosomatics,

a section of the journal

Frontiers in Psychiatry

RECEIVED 11 May 2022

ACCEPTED 14 November 2022

PUBLISHED 25 November 2022

CITATION

An Z, Kim K-H, Kim M and Kim Y-R

(2022) Biochemical, hematologic, and

skeletal features associated with

underweight, overweight, and eating

disorders in young Korean women: A

population-based study.

Front. Psychiatry 13:941043.

doi: 10.3389/fpsyt.2022.941043

COPYRIGHT

© 2022 An, Kim, Kim and Kim. This is

an open-access article distributed

under the terms of the Creative

Commons Attribution License (CC BY).

The use, distribution or reproduction

in other forums is permitted, provided

the original author(s) and the copyright

owner(s) are credited and that the

original publication in this journal is

cited, in accordance with accepted

academic practice. No use, distribution

or reproduction is permitted which

does not comply with these terms.

Biochemical, hematologic, and
skeletal features associated with
underweight, overweight, and
eating disorders in young
Korean women: A
population-based study

Zhen An1, Kyung-Hee Kim2, Mirihae Kim3 and Youl-Ri Kim1,4*

1Institute of Eating Disorders and Mental Health, Inje University, Seoul, South Korea, 2Department of

Food and Nutrition, Duksung Women’s University, Seoul, South Korea, 3Department of Psychology,

College of Social Science, Duksung Women’s University, Seoul, South Korea, 4Department of

Neuropsychiatry, Seoul Paik Hospital, Inje University, Seoul, South Korea

Background: Extreme weight conditions in young women are associated with

adverse health outcomes. Closely linked with extreme weight status, eating

disorders (EDs) are associated with several medical complications and high

mortality rates.

Objective: The study aimed to investigate the biochemical, hematologic,

and skeletal features of young Korean women with underweight (UW) and

overweight/obesity (OW) conditions, and patients with anorexia nervosa (AN)

and bulimia nervosa (BN) compared to women with normal-weight (NW).

Method: A total of 808 women (mean age 22.3 ± 3.4 years) were recruited for

the study, including 144 with UW status [body mass index (BMI) < 18.5 kg/m2],

364 with NW, 137 with OW or obesity (27 with obesity; BMI ≥ 25 kg/m2), 63

patients with anorexia nervosa (AN), and 100 with bulimia nervosa (BN). We

measured blood pressure and performed biochemical, hematologic and bone

mineral density (BMD) evaluations at the lumbar and femoral neck.

Results: Blood pressure and triiodothyronine levels were found to be lower in

both EDgroups and higher in theOWgroup, but no di�erence in theUWgroup,

compared to the NWgroup. The aminotransferases and total cholesterol levels

were higher in the ED and OW groups, compared to the NW group. Blood cell

counts were decreased in the AN group, while increased in the OW group,

compared to the NW group. Blood urea nitrogen was elevated in both ED

groups. The UW and AN groups had lower BMD, whereas the OW group had

higher BMD, compared to the NW group.

Conclusion: Our findings suggested that both ED groups were associated with

decreases in the resting energy expenditure. OW status was associated with a

risk of metabolic syndrome, and UW status with lower BMD in young women.
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Overall, the medical parameters in Korean patients with ED were similar to the

patterns reported in Western samples in previous studies, with few exceptions

such as potassium level in BN.

KEYWORDS

underweight, anorexia nervosa, bulimia nervosa, overweight, obesity, medical

characteristics, extreme weight, abnormal weight

Introduction

Abnormal weight conditions and problematic eating

behaviors have become prevalent in Asian countries (1). In

Korea, the polarization of weight status has been observed in

young women in the last two decades (2). While the prevalence

of obesity in Korean women in their 20s has increased rapidly

since the 1990s (11.6% in 1998 and 22.8% in 2020), the

prevalence of underweight (UW) conditions was reported to be

over three times higher in young women than in older women

(2). Thus, special attention to weight-related health problems in

young women in Korea is needed.

Both overweight (OW) andUWconditions in young women

of reproductive age are associated with high present and future

burdens of disease. In women, adipocytes play an important role

in the production and metabolism of estrogen (3), and 17–22%

of body weight as adipose tissue is required for the onset of

menarche (4). Abnormal body weight leads to dysregulation

of the female reproductive hormonal system, which in turn,

increases the risk of infertility (5). In addition to its detrimental

impact on reproductive health, being UW poses a high risk

to skeletal health, leading to low bone mineral density (BMD)

in young adult women (6). The adverse health effects of OW

status also extend to other systems including abnormalities in

cardiovascular and hepatic functions [e.g., (7, 8)].

Eating disorders (EDs) are a common clinical problem

among young women in Asian societies (9). Undergraduate

Korean women on a diet are up to 15 times more likely

to develop an ED than those who are not on a diet (10).

The core features of anorexia nervosa (AN), an ED with

the highest mortality among psychiatric illnesses (11), are the

pursuit of weight loss via restrained eating and the resultant

low body weight (12). The nutritional compromise of AN

as a result of restricted food intake increases medical risk

and mortality. Bulimia nervosa (BN), another form of ED,

is characterized by episodes of excessive overeating and the

subsequent compensatory behaviors (12), and is at risk of

developing medical complications (13). The medical risks of

EDs affect a broad range of systems including cardiovascular,

endocrine, hematopoietic, hepatic, and renal systems due to

weight loss and malnutrition in AN, and binge-eating followed

by compensatory purging behaviors in BN (14–16). It has been

suggested that disordered eating, which manifests itself as EDs,

and obesity have commonalities in their etiologies (17), although

being overweight or obese per se does not indicate an ED.

Therefore, investigations into the metabolic differences between

EDs and abnormal weight are needed.

Several studies have explored ethnic and cultural differences

in ED-related behaviors and ED prevalence, demonstrating

similarities and differences between Western and non-Western

populations [e.g., (18–22)]. However, there is few research

comparing medical status between the populations. Identifying

medical similarities and differences in patients with EDs in

different ethnic populations would promote the development

of effective ethnicity-specific interventions. In addition, the

medical status of patients with abnormal weight conditions

and EDs has not been extensively compared. Understanding

the similarities and differences between the conditions and

disorders would help comparing the medical status of people

with abnormal weight conditions in Western and non-Western

populations in future studies.

The aim of this study was to investigate the biochemical,

hematologic, and BMD features in young female college students

with UW and OW conditions, and patients with AN and BN,

and to examine how they differed from young women with NW.

Also, given the impact of ethnicity and culture on the prevalence

of ED and symptoms, we were interested in how the clinical

findings in our Korean samples would differ from the previous

findings in Western samples.

Methods

Participants

This was a case-controlled population-based study with

a cross-sectional design that aimed to examine the medical

conditions of young women with extreme weight and EDs

in South Korea. Female university students were recruited

from 14 universities in Seoul metropolitan areas via research

advertisements on their social networking websites from August

to December 2016. Patients who had AN or BN were recruited

from the ED outpatient clinic in Seoul Paik Hospital during

the same period. Parts of the study were previously published

(23–25). The groups were defined as underweight (UW, BMI;

body mass index < 18 kg/m2), normal-weight (NW, 18 kg/m2

≤ BMI < 25 kg/m2), and overweight or obese (OW, BMI

≥ 25 kg/m2) according to the conventional World Health
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Organization (WHO) classification (26) instead of the Asia-

Pacific regional guidelines (27), and AN and BN based on the

Diagnostic and Statistical Manuals of Mental Disorders, Fifth

Edition (12). We included participants with obesity (n = 27;

BMI > 30 kg/m2) in the OW group for analysis. Participants

had to be female and ≥16 years to be included in the study.

The exclusion criteria were (1) severe physical illnesses related

to abnormal weight requiring treatment (e.g., diabetes, thyroid

problems, and cystic fibrosis); (2) substance use disorder or

alcohol dependence, (3) learning difficulties, and (4) pregnancy.

University students were included in the study only if they did

not report any diagnosis of ED in a self-report. A total of 808

young women enrolled in undergraduate or graduate programs

participated in the study. The mean age was 21.96 (SD = 2.58)

years in the NW group, 22.41 (SD = 2.72) years in the UW

group, and 22.88 (SD= 3.27) years in the OW group. The mean

age was 22.57 (SD = 5.47) years in the AN group and 22.37 (SD

= 4.74) years in the BN group. Among the students, 364 were

classified as NW, 144 as UW, and 137 as OW (110 with OW

and 27 with obesity). In the AN group, 26 were extreme, 8 were

severe, 11 were moderate, and 17 were mild according to the

severity specifier (12). In the BN group, 10 were extreme, 14 were

severe, 52 were moderate, and 24 were mild (12).

The participants provided written informed consent after

receiving information on the study. Parental consent was

obtained for the participants aged under 18 years. This study

was approved by the Institutional Review Board (IRB) of Inje

University (IRB No. INJE 2016-01-003-002).

Measures

A demographic and clinical questionnaire assessed the

current and highest- and lowest-ever BMI, age, and the age at

menarche. BMI [weight in kilogram/(height in meter)2] was

calculated after measuring the participant’s height and weight

when wearing light clothes, with shoes and belongings taken

off. Subjective health and the frequency of menstruation in 3

months were evaluated by self-reports. Systolic and diastolic

blood pressure was measured using an electronic manometre.

Fasting blood samples were collected from the participants in

a seated position in the morning for laboratory analysis. The

blood samples were screened for abnormalities in red blood

cell counts, hemoglobin levels, hematocrit levels, white blood

cell counts, and platelet counts. Biochemical data including

sodium, potassium, aspartate aminotransferase (AST), alanine

aminotransferase (ALT), albumin, glucose, blood urea nitrogen

(BUN), creatinine, cholesterol, thyroid-stimulating hormone

(TSH), and triiodothyronine (T3) levels were collected. BMD

was measured by dual X-ray absorptiometry at the lumbar

spine (L1–L4) and the right femoral neck. The BMD levels

are presented as grams per centimeter squared. T-scores (the

number of standard deviations below the mean value of

young Korean women) and z-scores (comparison of BMD

with a reference Korean population matched for age and

sex) were calculated. Laboratory data quality control programs

monitored laboratory performance as well as dual energy-ray

absorptiometry performed for bone density (DXA, Lunar, GE

Healthcare, USA).

Statistical analysis

The demographic and clinical characteristics of the

participants were analyzed by one-way analysis of variance

(ANOVA) with a post-hoc Scheffe comparison using the NW

group as the reference group. To test for the differences in

biochemical and hematologic parameters, and BMD among the

groups (UW, OW, AN, and BN groups), we used the logistic

regression model with the group as the response variable and

the NW group as the reference. Statistical significance was set

at the 5% level (p < 0.05). All data were analyzed by SPSS 23.0

statistics software (SPSS Inc., New York, NY, USA).

Results

Demographic and clinical characteristics

The demographic and clinical characteristics of the

participants are presented in Table 1. The UW and AN groups

had lower current BMI, whereas it was higher in the OW group.

The lowest and highest BMI followed the same pattern except

that the BN group had higher BMI than the NW group in the

highest BMI, and the AN group’s highest BMI did not differ

from that of the NW group. There was a difference in the age

at menarche among groups, in which the UW group tended

to reach menarche at older ages than the NW group. The AN

group menstruated less frequently in 3 months than the NW

group. Regarding subjective health conditions, the OW, AN,

and BN groups reported their conditions to be worse than the

NW group.

Blood pressure and biochemical data

Blood pressure and biochemical parameters of the

participants are presented in Table 2. The OW and AN groups

showed an opposite pattern in both systolic and diastolic blood

pressure. Blood pressure was higher in the OW group and lower

in the AN group compared to the NW group. In the BN group,

diastolic blood pressure was lower than in the NW group. The

UW group had higher levels of AST and albumin, and lower

levels of potassium, glucose, and creatinine than the NW group.

The OW group displayed higher levels of potassium, AST,

ALT, glucose, cholesterol, TSH, and T3 compared to the NW

group. The AN group had higher levels of AST, ALT, BUN, and

cholesterol, and lower levels of potassium, glucose, and T3. The
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levels of AST, ALT, BUN, creatinine and cholesterol were higher,

and the level of T3 was lower in the BN group compared to the

NW group.

Hematologic status

The hematologic parameters of the participants are shown

in Table 3. The OW group displayed higher red blood cell, white

blood cell, and platelet counts as well as higher hemoglobin and

hematocrit levels than the NWgroup. Conversely, all parameters

in the AN group were lower. The UW and BN groups differed

from the NW group in white blood cell counts and red blood

cell counts, respectively, with lower levels compared to the

NW group.

Skeletal health

Table 4 demonstrates the BMD of the participants at the

measured sites. The UW group had lower density at the lumbar

spine and the right femoral neck with lower t-scores, whereas the

OW group had higher density at both sites with higher t-scores

compared to the NW group. All BMD measures were lower in

the AN group than in the NW group. There was no difference in

the BMD between the BN group and the NW group.

Discussion

The incidences of eating disorders and extreme weight

conditions are increasing in Korean young women. We

previously reported factors associated with extreme weight

status and eating disorders in young Korean women, regarding

nutrients consumption and eating behaviors (25). Here, we

evaluated the medical features associated with extreme weight

status and eating disorders in young women. Elevated AST, ALT,

and cholesterol levels were observed in both ED and the OW

groups compared to the NW group. Both ED groups showed

reduced T3 levels and higher serum urea nitrogen compared

to the NW group. The hematologic parameters were lower in

the AN group, and BMD was lower in the UW and AN groups,

compared to the NW group. Whereas most medical parameters

remained within the reference range in the young women with

UW, the OW and ED groups reported their conditions to be

worse than those reported by the NW group.

Blood pressure was found to be lower in both AN and BN

groups, and higher in the OW group, but no difference in the

UW group, compared to the NW group. The findings suggested

changes in the hemodynamic status may be attributable to

reduced energy intake than weight status. The energy intake and

expenditure among the groups were also reflected in the T3 level

with similar direction to those in blood pressure. We previously
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TABLE 2 Blood pressure and biochemical data of young women with underweight and overweight status, and patients with eating disorders compared to women with normal-weight.

NW

(n = 364)

UW

(n = 144)

OW

(n = 137)

AN

(n = 63)

BN

(n = 100)

NW vs. UW NW vs. OW NW vs. AN NW vs. BN

Exp (B)

(95%CI)

P Exp (B)

(95%CI)

P Exp (B)

(95%CI)

P Exp (B)

(95%CI)

P

Blood pressure

Systolic (mmHg) 107.85 (12.76) 105.51 (13.95) 121.40 (14.06) 94.19 (12.60) 103.67 (11.76) 0.99

(0.97–1.00)

0.071 1.07

(1.05–1.09)

<0.001 0.90

(0.86–0.94)

<0.001 0.97

(0.95–1.00)

0.060

Diastolic (mmHg) 69.02 (9.06) 68.60 (7.95) 75.80 (11.13) 61.81 (7.85) 65.78 (9.67) 1.00

(0.97–1.02)

0.645 1.07

(1.05–1.10)

<0.001 0.90

(0.85–0.96)

<0.001 0.96

(0.92–1.00)

0.040

Na (mEq/L) 138.03 (1.43) 138.03 (1.73) 137.77 (1.44) 138.44 (2.96) 137.61 (1.63) 1.00

(0.88–1.13)

0.974 0.91

(0.80–1.02)

0.103 1.17

(0.97–1.43)

0.107 0.86

(0.73–1.02)

0.079

K (mEq/L) 3.94 (0.26) 3.89 (0.29) 3.96 (0.26) 3.84 (0.44) 3.92 (0.29) 0.48

(0.24–0.96)

0.039 1.09

(0.54–2.18)

<0.001 0.25

(0.08–0.74)

0.012 0.71

(0.25–2.04)

0.528

AST (U/L) 18.41 (4.21) 19.94 (6.37) 21.58 (11.09) 34.65 (23.91) 22.08 (12.04) 1.06

(1.03–1·11)

0.001 1.10

(1.06–1.14)

<0.001 1.15

(1.11–1.20)

<0.001 1.11

(1.10–1.15)

<0.001

ALT (U/L) 11.67 (5.40) 12.39 (8.37) 20.84 (22.15) 29.15 (29.22) 15.67 (10.47) 1.03

(1.00–1.07)

0.150 1.12

(1.08–1.15)

<0.001 1.13

(1.09–1.16)

<0.001 1.09

(1.05–1.13)

<0.001

Albumin (g/dL) 4.61 (0.23) 4.67 (0.22) 4.56 (0.21) 4.61 (0.44) 4.60 (0.23) 3.25

(1.39–7.59)

0.006 0.50

(0.23–1.09)

0.081 1.04

(0.29–3.78)

0.95 0.84

(0.25–2.81)

0.774

Glucose (mg/dL) 92.39 (14.42) 89.973 (7.00) 96.66 (9.96) 82.22 (12.68) 90.43 (9.25) 0.96

(0.93–0.98)

0.001 1.04

(1.01–1.07)

0.004 0.86

(0.83–0.90)

<0.001 0.96

(0.93–1.00)

0.070

BUN (mg/dL) 10.74 (2.66) 10.36 (2.68) 10.79 (2.60) 12.04 (4.45) 12.75 (4.06) 0.95

(0.88–1.02)

0.148 1.01

(0.94–1.08)

0.870 1.14

(1.04–1.25)

0.004 1.20

(1.10–1.30)

<0.001

Creatinine (mg/dL) 0.77 (0.08) 0.76 (0.08) 0.76 (0.08) 0.77 (0.13) 0.82 (0.11) 0.09

(0.01–0.93)

0.043 0.11

(0.01–1.09)

0.059 0.52

(0.02–18.49)

0.719 174.31

(7.65–3974.67)

0.001

Cholesterol (mg/dL) 174.51 (27.99) 175.99 (33.47) 181.10 (32.43) 192.57 (46.65) 193.61 (27.42) 1.00

(1.00–1.01)

0.616 1.01

(1.00–1.01)

0.032 1.02

(1.01–1.03)

<0.001 1.02

(1.01–1.03)

<0.001

TSH (µg/mL) 1.64 (0.99) 1.72 (1.06) 2.07 (1.29) 1.32 (0.76) 1.50 (0.65) 1.08

(0.77–1.52)

0.645 1.43

(1.03–1.98)

0.033 0.61

(0.37–1.00)

0.051 0.84

(0.56–1.25)

0.386

T3 (pg/mL) 1.03 (0.13) 1.05 (0.14) 1.14 (0.18) 0.75 (0.22) 0.93 (0.19) 3.12

(0.32–30.18)

0.327 108.29

(8.71–1346.70)

<0.001 8.81E-5

(5.25E-6–0.00)

<0.001 0.02

(0.00–0.18)

0.001

Date are shown as mean (SD). p-value < 0.05 is defined as significant. NW, normal-weight; UW, underweight; OW, overweight; AN, anorexia nervosa; BN, bulimia nervosa; AST, aspartate aminotransferase; ALT, alanine aminotransferase; BUN, blood

urea nitrogen; TSH, thyroid stimulating hormone; T3, triiodothyronine.
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TABLE 3 Hematologic parameters in young women with underweight and overweight status, and patients with eating disorders compared to women with normal-weight.

NW

(n= 364)

UW

(n = 144)

OW

( n = 137)

AN

(n = 63)

BN

( n = 100)

NW vs. UW NW vs. OW NW vs. AN NW vs. BN

Exp (B)

(95%CI)

P Exp (B)

(95%CI)

P Exp (B)

(95%CI)

P Exp (B)

(95%CI)

P

RBC (106/mm3) 4.42 (0.29) 4.40 (0.34) 4.53 (0.30) 4.06 (0.51) 4.30 (0.29) 0.83

(0.44–1.56)

0.566 3.46

(1.77–6.76)

<0.001 0.06

(0.02–0.15)

<0.001 0.32

(0.13–0.79)

0.013

Hb (g/DI) 13.01 (0.98) 13.02 (0.93) 13.25 (0.92) 12.45 (1.50) 12.94 (1.02) 1.01

(0.83–1.23)

0.925 1.31

(1.06–1.62)

0.014 0.65

(0.50–0.84)

0.001 0.94

(0.70–1.25)

0.646

Hct (%) 39.18 (2.49) 39.26 (2.53) 39.85 (2.48) 37.29 (4.22) 38.62 (2.46) 1.01

(0.94–1·09)

0.77 1.11

(1.03–1.21)

0.009 0.80

(0.73–0.89)

<0.001 0.92

(0.83–1.03)

0.148

WBC (103/mm3) 5.98 (1.53) 5.40 (1.37) 6.65 (1.91) 4.59 (1.49) 5.99 (1.68) 0.76

(0.66–0.88)

<0.001 1.25

(1.11–1.39)

<0.001 0.45

(0.34–0.59)

<0.001 1.00

(0.84–1.21)

0.964

Platelet (103/mm3) 264.23 (51.17) 251.74 (51.95) 289.88 (62.12) 226.39 (70.66) 262.65 (58.11) 1.00

(1.00–1.00)

0.019 1.01

(1.00–1·01)

<0.001 0.99

(0.98–0.99)

<0.001 1.00

(0.99–1.01)

0.845

Date are shown as mean (SD). p-value < 0.05 is defined as significant. NW, normal-weight; UW, underweight; OW, overweight; AN, anorexia nervosa; BN, bulimia nervosa; RBC, red blood cell count; Hb, hemoglobin; Hct, hematocrit; WBC, white

blood cell count.

TABLE 4 Bone mineral density at lumbar spine and femoral neck in young women with underweight and overweight status, and patients with eating disorders compared to women with normal-weight.

NW

(n = 364)

UW

(n = 144)

OW

(n = 137)

AN

(n = 63)

BN

(n = 100)

NW vs UW NW vs. OW NW vs. AN NW vs. BN

Exp (B)

(95%CI)

P Exp (B)

(95%CI)

P Exp (B)

(95%CI)

P Exp (B)

(95%CI)

P

L1–L4 (g/cm2) 1.16 (0.12) 1.09 (0.12) 1.25 (0.12) 0.99 (0.23) 1.16 (0.15) 0.03

(0.00–0.33)

0.005 84.74

(5.08–1413.00)

0.002 0.00

(6.30E-6–0.00)

<0.001 1.26

(0.09–18.62)

0.87

L1–L4 (T score) 0.09 (0.97) −0.47 (1.02) 0.86 (0.99) −1.53 (1.44) 0.11 (1.21) 0.62

(0.45–0.86)

0.004 2.00

(1.34–2.87)

<0.001 0.26

(0.17–0.40)

<0.001 1.02

(0.73–1.44)

0.906

Rt FeN (g/cm2) 0.95 (0.14) 0.91 (0.10) 1.05 (0.12) 0.80 (0.13) 0.97 (0.13) 0.05

(0.00–1.09)

0.057 829.47 (31.07–

22147.81)

<0.001 3.14E-5

(6.47E-7–0.00)

<0.001 4.55

(0.20–101.43)

0.338

Rt FeN (T score) 0.14 (0.92) −0.28 (0.82) 0.90 (1.04) −1.22 (1.05) 0.22 (1.12) 0.62

(0.42–0.90)

0.012 2.09

(1.41–3.09)

<0.001 0.19

(0.11–0.33)

<0.001 1.10

(0.75–1.60)

0.638

Date are shown as mean (SD). p-value < 0.05 is defined as significant. NW, normal-weight; UW, underweight; OW, overweight; AN, anorexia nervosa; BN, bulimia nervosa; Rt FeN, right femoral neck.
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reported T3 as a factor distinguishing constitutional thinness

from AN (28). Free T3 has been reported to constitute a strong

significant tool distinguishing constitutional thinness from AN

(29, 30). As elevated thyroid hormone concentrations increase

the resting energy expenditure, T3 values in or slightly above the

upper normal range in OW women seem rather a consequence

than a cause of OW since weight loss leads to a normalization of

elevated thyroid hormone levels (29).

Abnormalities of liver enzymes and total cholesterol are well

recognized in AN and OW/obesity. In the present study, AST,

ALT and total cholesterol levels were higher in the AN, BN, and

OW groups, compared to the NW group. The elevated levels of

AST/ALT in AN are likely attributable to apoptosis (programed

liver cell death), as a direct result of malnutrition (31, 32)

whereas the findings in the OW group are likely attributable

to rapid and excessive deposition of fat in the liver (33), and

both mechanisms may explain higher ALT and AST levels in

BN patients. Though an elevated level of total cholesterol is

a common finding in patients with EDs (34–36) and obesity,

the etiology of hypercholesterolemia may result from different

mechanism among groups. Hypercholesterolaemia in patients

with EDs might result from increased resorption of endogenous

cholesterol in patients with AN (37, 38) or from the metabolic

alterations followed by cyclical patterns of binging in patients

with BN (39). More conclusive evidence that supports AN as an

atherogenic condition is needed (40).

Hematologic parameters were reduced in the AN group

compared to the NW group, as reported in patients with

AN in both Korean (34) and Western (41, 42) populations,

with malnutrition and bone marrow hypoplasia as the

potential mechanisms.

BMDs were significantly lower in the UW and AN groups

compared to women with NW as previously studied in Korean

(28, 34, 43) and American women (44, 45). These findings,

combined with a systematic review that demonstrated weight

gain and subsequent improvements in BMD in patients with

AN (46), indicated a positive association between BMI and

BMD. Consistent with these findings, young women with OW

conditions had higher BMDs than those with NW in our study.

This was further supported by meta-analyses that identified

OW/obesity as a protective factor for osteoporosis and fractures

(47, 48). However, heterogeneity, including ethnicity and the

skeletal sites measured, need to be considered (47, 49), along

with scarce research on the relationship between obesity and

bone health in premenopausal women (50).

Our findings suggest general similarities but some

differences from the reports in Western populations. The serum

urea nitrogen levels were increased in the AN and BN groups,

compared to the NW group, as previously described in Korean

(34, 35). On the other hand, there was a report of low level

of blood urea in Western populations with AN (51) due to

decreased protein uptake and loss of muscle mass. Our findings

indicate significant dehydration and the possibility of a risk of

pre-renal azotemia in patients with EDs.

Hypokalaemia is the most common electrolytes abnormality

found in AN (52). We found decreased potassium in both UW

and AN groups, but not in the BN group, compared to the

NW group, which was consistent with the previous finding in

Korean populations (35). The findings in the Korean patients

with BN were different from those in Western populations, in

which hypokalaemia is addressed as one of the most common

electrolyte abnormalities of BN (13, 16). The difference might be

attributed to binging of potassium rich Korean staple foods such

as Kim-Chi in Korean patients with BN, the high proportion of

outpatients (53) or somewhat corrected nutrition via nutritional

counseling when the patients participated in the present study.

Strengths of the present study included the recruitment

of appropriate samples of young women with extreme weight

status based on the global criteria of BMI instead of regional

criteria, and the comprehensive assessment of the medical

parameters. However, a few limitations need to be addressed

when interpreting the results. One was that since the data

were drawn from young Korean women, the results cannot be

generalized to more diverse groups regarding ethnicity and age.

Other limitation was that many patients’ nutrient intake and

eating behaviors might be somewhat corrected as most of them

were undergoing treatment. Lastly, we relied on a self-report

rather than an interview to exclude diagnoses of ED from the

student sample.

In conclusion, our data on young Korean women with UW,

NW, and OW, and patients with AN or BN suggest that both ED

groups and the OW group had medical complications, which

were expressed biochemically, hematologically, and skeletally.

Overall, similar patterns in clinical parameters were observed in

the present study in Korean patients with EDs compared to the

previous studies in Western populations. However, differences

such as the levels of serum urea nitrogen and potassium in

patients with AN and BN existed, which might require further

research in cultural aspects. This study provides meaningful

insights into the comparison of medical parameters between

Western and Korean populations with EDs, and between EDs

and extreme weight conditions.

Data availability statement

The raw data supporting the conclusions of this article will

be made available by the authors, without undue reservation.

Ethics statement

The studies involving human participants were reviewed

and approved by Institutional Review Board of Inje University.

Written informed consent to participate in this study was

provided by the participants’ legal guardian/next of kin.

Frontiers in Psychiatry 07 frontiersin.org

https://doi.org/10.3389/fpsyt.2022.941043
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org


An et al. 10.3389/fpsyt.2022.941043

Author contributions

Y-RK designed, conceptualized the study, and critically

revised themanuscript. Y-RK, K-HK, andMK collected the data.

ZA and Y-RK analyzed the data and formulated the manuscript.

All authors contributed to the manuscript and approved the

submitted version.

Funding

This work was supported by the Korea Centers for Disease

Control and Prevention Research Fund [Grant Number: 2016-

ER6310-00, 2016] and the National Research Foundation (NRF)

of Korea [Grant Number: 2021R1A2C2009668, 2021].

Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.

References

1. Hoque ME, Mannan M, Long KZ, Mamun AA. Economic burden of
underweight and overweight among adults in the Asia-Pacific region: a systematic
review. TM IH. (2016) 21:458–69. doi: 10.1111/tmi.12679

2. Ministry of Health and Welfare. Korea Health Statistics 2020. Korea National
Health and Nutrition Examination Survey (KNHANES VIII-1) (2020).

3. Hetemäki N, Mikkola TS, Tikkanen MJ, Wang F, Hämäläinen
E, Turpeinen U, et al. Adipose tissue estrogen production and
metabolism in premenopausal women. J Steroid Biochem Mol Biol. (2021)
209:1–6. doi: 10.1016/j.jsbmb.2021.105849

4. Baker ER. Body weight and the initiation of puberty. Clin Obstet Gynecol.
(1985) 28:573–9. doi: 10.1097/00003081-198528030-00013

5. Aladashvili-Chikvaidze N, Kristesashvili J, Gegechkori M. Types of
reproductive disorders in underweight and overweight young females and
correlations of respective hormonal changes with BMI. Iran J Reprod Med.
(2015) 133:135–40.

6. Al Rassy N, Bakouny Z, Matta J, Frenn F, Maalouf G, Rizkallah M,
et al. The relationships between bone variables and physical fitness across
the BMI spectrum in young adult women. J Bone Metab. (2019) 37:520–
8. doi: 10.1007/s00774-018-0949-5

7. Dikaiou P, Björck L, Adiels M, Lundberg CE, Mandalenakis Z, Manhem K,
et al. Obesity, overweight and risk for cardiovascular disease andmortality in young
women. Eur J Prev Cardiol. (2021) 28:1351–9. doi: 10.1177/2047487320908983

8. Pasanta D, Tungjai M, Chancharunee S, Sajomsang W, Kothan S. Body mass
index and its effects on liver fat content in overweight and obese young adults
by proton magnetic resonance spectroscopy technique. World J Hepatol. (2018)
10:924–33. doi: 10.4254/wjh.v10.i12.924

9. KimYR, Nakai Y, Thomas JJ. Introduction to a special issue on eating disorders
in Asia. Int J Eat Disord. (2021) 54:3–6. doi: 10.1002/eat.23444

10. Byun Y, Lee NH, Lee K. Factors influencing eating problems
among Korean university women. J Korean Fund Nurs. (2014)
21:362–9. doi: 10.7739/jkafn.2014.21.4.362

11. Sullivan PF. Mortality in anorexia nervosa. Am J Psychiatr. (1995) 152:1073–
4. doi: 10.1176/ajp.152.7.1073

12. American Psychiatric Association. Diagnostic and statistical manual of
mental disorders. (5th ed.) Arlington, VA: American Psychiatric Association
(2013). doi: 10.1176/appi.books.9780890425596

13. Nitsch A, Dlugosz H, Gibson D,Mehler PS. Medical complications of bulimia
nervosa. Clevel Clin J Med. (2021) 88:333–43. doi: 10.3949/ccjm.88a.20168

14. Cass K, McGuire C, Bjork I, Sobotka N, Walsh K, Mehler PS.
Medical complications of anorexia nervosa. Psychosomatics. (2020) 61:625–
31. doi: 10.1016/j.psym.2020.06.020

15. Mehler PS, Rylander M. Bulimia Nervosa–medical complications. J Eat
Disord. (2015) 3:1–5. doi: 10.1186/s40337-015-0044-4

16. Westmoreland P, Krantz MJ, Mehler PS. Medical complications
of anorexia nervosa and bulimia. Am J Med. (2016) 129:30–
7. doi: 10.1016/j.amjmed.2015.06.031

17. Day J, Ternouth A, Collier DA. Eating disorders and obesity:
two sides of the same coin? Epidemiol Psychiatr Sci. (2009) 18:96–
100. doi: 10.1017/S1121189X00000956

18. Lal M, Abraham S, Parikh S, Chhibber K. A comparison of eating
disorder patients in India and Australia. Indian J Psychiatr. (2015) 57:37–
42. doi: 10.4103/0019-5545.148516

19. Arriaza C, Mann T. Ethnic differences in eating disorder symptoms among
college students: the confounding role of bodymass index. J AmColl Health. (2001)
49:309–15. doi: 10.1080/07448480109596317

20. White MA, Grilo CM. Ethnic differences in the prediction of eating and
body image disturbances among female adolescent psychiatric inpatients. Int J Eat
Disord. (2005) 38:78–84. doi: 10.1002/eat.20142

21. Mayhew AJ, Pigeyre M, Couturier J, Meyre D. An evolutionary
genetic perspective of eating disorders. Neuroendocrinology. (2018) 106:292–
306. doi: 10.1159/000484525

22. Levinson CA, Brosof LC. Cultural and ethnic differences in eating
disorders and disordered eating behaviors. Bentham Sci. (2016) 12:163–
74. doi: 10.2174/1573400512666160216234238

23. An Z, Kim KH, KimM, Kim YR. Negative emotion-related eating behaviours
in young womenwith underweight status, overweight status, anorexia nervosa, and
bulimia nervosa in Korea. Eur Eat Disord Rev. (2022) 2:1–11. doi: 10.1002/erv.2900

24. Kim Y-R, Hwang BI, Lee GY, Kim KH, Kim M, Kim KK, et al.
Determinants of binge eating disorder among normal weight and
overweight female college students in Korea. Eat Weight Disord. (2018)
23:849–60. doi: 10.1007/s40519-018-0574-2

25. Kim Y-R, An Z, Kim K-H, Kim D-M, Hwang B-I, KimM. Factors Associated
with Underweight, Overweight, and Eating Disorders in Young Korean Women: a
population-based study. Nutrients. (2022) 14:1–12. doi: 10.3390/nu14061315

26. Expert panel on the identification, evaluation and treatment of overweight
and obesity in adults. Executive Summary on clinical guidelines on the
identification, evaluation and treatment of overweight and obesity in adults. Arch
Intern Med. (1998) 158:1855–67. doi: 10.1001/archinte.158.17.1855

27. World Health Organization, International Obesity Task Force. The Asian-
Pacific Perspective: Redefining Obesity and its Treatment. Geneva, Switzerland:
WHOWestern Pacific Region (2000).

28. Bang EB, Ko JK, Kwag KH, Lee GY, Kim YR. A comparison of patients with
anorexia nervosa and women who are constitutionally thin. Eur Eat Disord Rev.
(2020) 28:633–42. doi: 10.1002/erv.2777

29. Bailly M, Boscaro A, Pereira B, Féasson L, Boirie Y, Germain N,
et al. Is constitutional thinness really different from anorexia nervosa? A

Frontiers in Psychiatry 08 frontiersin.org

https://doi.org/10.3389/fpsyt.2022.941043
https://doi.org/10.1111/tmi.12679
https://doi.org/10.1016/j.jsbmb.2021.105849
https://doi.org/10.1097/00003081-198528030-00013
https://doi.org/10.1007/s00774-018-0949-5
https://doi.org/10.1177/2047487320908983
https://doi.org/10.4254/wjh.v10.i12.924
https://doi.org/10.1002/eat.23444
https://doi.org/10.7739/jkafn.2014.21.4.362
https://doi.org/10.1176/ajp.152.7.1073
https://doi.org/10.1176/appi.books.9780890425596
https://doi.org/10.3949/ccjm.88a.20168
https://doi.org/10.1016/j.psym.2020.06.020
https://doi.org/10.1186/s40337-015-0044-4
https://doi.org/10.1016/j.amjmed.2015.06.031
https://doi.org/10.1017/S1121189X00000956
https://doi.org/10.4103/0019-5545.148516
https://doi.org/10.1080/07448480109596317
https://doi.org/10.1002/eat.20142
https://doi.org/10.1159/000484525
https://doi.org/10.2174/1573400512666160216234238
https://doi.org/10.1002/erv.2900
https://doi.org/10.1007/s40519-018-0574-2
https://doi.org/10.3390/nu14061315
https://doi.org/10.1001/archinte.158.17.1855
https://doi.org/10.1002/erv.2777
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org


An et al. 10.3389/fpsyt.2022.941043

systematic review and meta-analysis. Rev Endocr Metab Disord. (2021) 2:1–
59. doi: 10.1007/s11154-021-09650-4

30. Estour B, Marouani N, Sigaud T, Lang F, Fakra E, Ling Y, et al.
Differentiating constitutional thinness from anorexia nervosa in DSM 5 era.
Psychoneuroendocrinology. (2017) 84:94–100. doi: 10.1016/j.psyneuen.2017.06.015

31. Rosen E, Bakshi N, Watters A, Rosen HR, Mehler PS. Hepatic
complications of anorexia nervosa. Dig Dis Sci. (2017) 62:2977–
81. doi: 10.1007/s10620-017-4766-9

32. Mehler PS, Blalock DV,Walden K, Kaur S, McBride J, Walsh K, et al. Medical
findings in 1,026 consecutive adult inpatient-residential eating disordered patients.
Int J Eat Disord. (2018) 51:305–13. doi: 10.1002/eat.22830

33. Oh RC, Hustead TR, Ali SM, Pantsari MW. Mildly elevated liver
transaminase levels: causes and evaluation. Am Fam Physician. (2017) 96:709–15.

34. Kim Y-R, Son MH, Nah JC, Park HA. Medical findings in women with
anorexia nervosa in a Korean population. Psychiatry Investig. (2013) 10:101–
7. doi: 10.4306/pi.2013.10.2.101

35. Kang J-K, Kim Y-W, Bae S-B, Kim Y-R. Medical findings in Korean
Women with Bulimia Nervosa. J Korean Neuropsychiatr Assoc. (2013) 52:365–
71. doi: 10.4306/jknpa.2013.52.5.365

36. Hussain AA, Hübel C. Hindborg, M, Lindkvist, E, Kastrup AM, Yilmaz,
Z, et al. Increased lipid and lipoprotein concentrations in anorexia nervosa:
a systematic review and meta-analysis. Int J Eat Disord. (2019) 52:611–
29. doi: 10.1002/eat.23051

37. Zák A, Vecka M, Tvrzicka E, Novak F, Papezova H, Hruby M, et al. Lipid
metabolism in anorexia nervosa. Casopís Lékaru Ceských. (2003) 142:280–284.

38. Zák A, Vecka M, Tvrzicka E, Hruby M, Novak F, Papezova H, et al.
Composition of plasma fatty acids and non-cholesterol sterols in anorexia nervosa.
Physiol Res. (2005) 54:443–451. doi: 10.33549/physiolres.930643

39. Tith RM, Paradis G, Potter BJ, Low N, Healy-Profitos J, He
SY, Auger N. Association of Bulimia Nervosa with long-term risk of
cardiovascular disease and mortality among women. Jama Psychiatr. (2020)
77:44–51. doi: 10.1001/jamapsychiatry.2019.2914

40. Giovinazzo SS, Rosa SG, Zappi GM, Bezante A, Balbi GP, Brunelli M,
et al. Nervosa and heart disease: a systematic review. Eat Weight Disord. (2019)
24:199–207. doi: 10.1007/s40519-018-0567-1

41. De Filippo E, Marra M, Alfinito F, Di Guglielmo M, Majorano P, Cerciello
G, et al. Hematological complications in anorexia nervosa. Eur J Clin Nutr. (2016)
70:1305–8. doi: 10.1038/ejcn.2016.115

42. Sabel AL, Gaudiani JL, Statland B, Mehler PS. Hematological
abnormalities in severe anorexia nervosa. Ann Hematol. (2013)
92:605–13. doi: 10.1007/s00277-013-1672-x

43. Lim J, Park H. Relationship between underweight, bone mineral density and
skeletal muscle index in premenopausal Korean women. Int J Clin Pract. (2016)
70:462–8. doi: 10.1111/ijcp.12801

44. Miller KK, Grinspoon SK, Ciampa J, Hier J, Herzog D, Klibanski A. Medical
findings in outpatients with anorexia nervosa. Arch Intern Med. (2005) 165:561–
6. doi: 10.1001/archinte.165.5.561

45. Workman C, Blalock DV, Mehler PS. Bone density status in a
large population of patients with anorexia nervosa. Bone. (2020) 131:1–
6. doi: 10.1016/j.bone.2019.115161

46. El Ghoch M, Gatti D, Calugi S, Viapiana O, Bazzani PV, Dalle Grave R.
The association between weight gain/restoration and bone mineral density in
adolescents with anorexia nervosa: a systematic review. Nutrients. (2016) 8:1–
16. doi: 10.3390/nu8120769

47. Morin SN, Gibbs JC. Willie BM, Jean S, et al. Association between
obesity and risk of fracture, bone mineral density and bone quality in
adults: a systematic review and meta-analysis. PloS ONE. (2021) 16:1–
39. doi: 10.1371/journal.pone.0252487

48. Qiao D, Li Y, Liu X, Zhang X, Qian X, Zhang H, et al. Association of
obesity with bone mineral density and osteoporosis in adults: a systematic review
and meta-analysis. Public Health. (2020) 180:22–8. doi: 10.1016/j.puhe.2019.
11.001

49. Castro JP, Joseph LA, Shin JJ, Arora SK, Nicasio J, Shatzkes J, et al.
Differential effect of obesity on bone mineral density in White, Hispanic and
African American women: a cross sectional study. Nutr Metab. (2005) 2:1–
7. doi: 10.1186/1743-7075-2-9

50. Palermo A, Tuccinardi D, Defeudis G, Watanabe M, D’Onofrio L, Lauria
Pantano A, et al. BMI and BMD: the potential interplay between obesity and bone
fragility. Int J Environ Res. (2016) 13:1–30. doi: 10.3390/ijerph13060544

51. Mira M, Stewart PM, Vizzard J, Abraham S. Biochemical-
abnormalities in anorexia-nervosa and bulimia. Ann Clin Biochem. (1987)
24:29–35. doi: 10.1177/000456328702400104

52. Winston AP. The clinical biochemistry of anorexia nervosa. Ann Clin
Biochem. (2012) 49:132–43. doi: 10.1258/acb.2011.011185

53. Greenfeld D, Mickley D, Quinlan DM, Roloff P. Hypokalemia in outpatients
with eating disorders. Am J Psychiatr. (1995) 15:60–3. doi: 10.1176/ajp.152.1.60

Frontiers in Psychiatry 09 frontiersin.org

https://doi.org/10.3389/fpsyt.2022.941043
https://doi.org/10.1007/s11154-021-09650-4
https://doi.org/10.1016/j.psyneuen.2017.06.015
https://doi.org/10.1007/s10620-017-4766-9
https://doi.org/10.1002/eat.22830
https://doi.org/10.4306/pi.2013.10.2.101
https://doi.org/10.4306/jknpa.2013.52.5.365
https://doi.org/10.1002/eat.23051
https://doi.org/10.33549/physiolres.930643
https://doi.org/10.1001/jamapsychiatry.2019.2914
https://doi.org/10.1007/s40519-018-0567-1
https://doi.org/10.1038/ejcn.2016.115
https://doi.org/10.1007/s00277-013-1672-x
https://doi.org/10.1111/ijcp.12801
https://doi.org/10.1001/archinte.165.5.561
https://doi.org/10.1016/j.bone.2019.115161
https://doi.org/10.3390/nu8120769
https://doi.org/10.1371/journal.pone.0252487
https://doi.org/10.1016/j.puhe.2019.11.001
https://doi.org/10.1186/1743-7075-2-9
https://doi.org/10.3390/ijerph13060544
https://doi.org/10.1177/000456328702400104
https://doi.org/10.1258/acb.2011.011185
https://doi.org/10.1176/ajp.152.1.60
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

	Biochemical, hematologic, and skeletal features associated with underweight, overweight, and eating disorders in young Korean women: A population-based study
	Introduction
	Methods
	Participants
	Measures
	Statistical analysis

	Results
	Demographic and clinical characteristics
	Blood pressure and biochemical data
	Hematologic status
	Skeletal health

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	References


