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Background: Blood hemoglobin level is a key indicator of organ function
and health status throughout the life course. As hemoglobin-related health
problems are gaining attention, many studies on factors related to hemoglobin
concentration are being conducted, yet few researches have been conducted
targeting persons with disabilities. Furthermore, researches that consider the
association between blood hemoglobin and the regional level health welfare
resources are rare. This study aimed to explore the factors related to blood
hemoglobin concentration among people with and without disability, and to
contribute to the development of future nutritional policies and projects for
persons with disabilities.

Methods: A health insurance claims database with check-ups provided by the
National Health Insurance Services (NHIS) was used. One-to-three propensity
score matching was conducted between participants with and without
disabilities. In addition to the individual clinical and health behavioral aspects
based on the claims data, regional-level data of healthcare and social welfare
resources was also collected, and multi-level analysis was conducted to identify
factors associated with low blood hemoglobin level.

Results: A total of 1,697 participants with disability and 5,091 without disabilities
were yielded. Disability was significantly associated with lower hemoglobin
level, even after propensity score matching. Sex, BMI, health behaviors, and
clinical indicators were significantly associated with the blood hemoglobin
level. Furthermore, region-level welfare budget was a significant factor among
persons with disability.

Conclusion: Our findings confirmed the significant association between
disability and lower hemoglobin level. Regional health and welfare resources,
as well as individual characteristics should be considered in implementation of
further nutrition and health policies for persons with disabilities. Further studies
are needed to understand of health outcomes of low hemoglobin level.
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1 Introduction

Anemia, defined as the low level of blood hemoglobin, is a
common nutrition and health problem throughout the world (1). The
World Health Organization (WHO) defined anemia as ‘a condition in
which the number of red blood cells is insufficient to meet the body’s
physiological needs’ (2). Although anemia itself is clearly related to
poor nutritional status, it is also associated with various diseases and
other health conditions (3). There are various types and causes of
anemia, and it is necessary to consider the medical history of
gastrointestinal bleeding, liver or kidney disease, and infections to
diagnose anemia. Blood hemoglobin level, which is a key indicator of
organ function and health status is the most common and basic
approach of confirming anemia (4, 5).

In fact, the blood level of hemoglobin itself is related to significant
health effects such as anemia, osteoporosis, hemodialysis (3). The low
blood level of hemoglobin is also related to the occurrence of adverse
events such as certain type of cancers, and other clinical conditions in
overall population (6-8). It is also recognized a risk factor of allergic
diseases and even postpartum depression in women (8, 9).
Furthermore, studies with older population report that hemoglobin
level is also related to reduce cognitive function and physical
performance, low bone mass, eventually leading to disability (10, 11).

Anemia, recognized as a challenging public health problem
among vulnerable populations, previous studies have focused on the
blood hemoglobin levels of pregnant women, infants, adolescent girls,
and older populations (1, 10, 12-14). However, there has been a
dearth of in-depth research targeting persons with disabilities, a
significant group with health vulnerabilities. In fact, approximately
15% of the world population experience disability (15), and as of 2023,
there are 2.647 million were registered as ‘persons with disabilities’ in
South Korea. This number has been increasing over the past 10 years,
and is expected to continue to increase especially with
population aging.

Persons with disabilities tend to be more sensitive to chronic
diseases compared to non-disabled people due to barriers that they
face - unavailability of health screening, limitation in providers and
information, etc. (16). According to previous studies, persons with
disabilities have shown to have a higher prevalence of chronic diseases,
more severe complications, and shorter life expectancy compared to
non-disabled people (17, 18). Specifically, the proportion of those with
chronic diseases among the disabled is approximately 85%, which is
significantly higher compared to the overall population (19). Marrocco
also found that persons with disabilities are less likely to receive
preventive health care services, and have fewer opportunities to stay
healthy (20).

In this situation, actions and movements to remove barriers and
to improve access to health services of persons with disabilities have
been spreading worldwide (21). In particular, the importance of
prevention and management before the onset of a disease is being
highlighted, and accordingly, there is a need to understand individual
and regional factors affecting chronic diseases (22). As part of this,
various food and nutritional factors and status among persons with
disabilities were explored (23). Studies found a distinct relationship
between inadequate nutritional intake and disability, which constitute
a large share of the overall health problems (24).

In terms of blood hemoglobin levels, specific disability groups
such as those with physical disabilities or cerebral palsy may have

Frontiers in Nutrition

10.3389/fnut.2025.1519098

abnormal hemoglobin levels due to problems with blood
circulations (11, 25). Conversely, research have also reported that
low hemoglobin concentration affects the ability to perform daily
living activities, physical ability, and the occurrence of disabilities
(26). Therefore, the management of hemoglobin levels among
persons with disabilities can be regarded as an important policy
agenda (27).

According to previous studies which performed multi-level
analysis to explore community-level related factors in the occurrence
of anemia found that the socioeconomic level of the region,
accessibility to healthy foods and health care services, provision of
nutrition-related policies and projects, and even traditions and culture
can affect the individuals’ blood hemoglobin level (3). In fact, policies
related to support and care for persons with disabilities, including
community health and medical resources, play an important role in
preventing the occurrence of diseases and health promotion (28).

As mentioned above, while studies on hemoglobin concentrations
are being conducted, research targeting persons with disabilities is still
limited. Furthermore, to our knowledge, no study has analyzed the
impact of the regional or community level variables on hemoglobin
levels among persons with disabilities. The aim of this study is to
explore the factors related to blood hemoglobin concentration of
people with and without disability, and to contribute to the
development of future nutritional policies and projects for persons
with disabilities. In particular, this study seeks to address the
association between individual blood hemoglobin level and regional-
level healthcare and social welfare resources.

2 Materials and methods
2.1 Data source and study design

This study is a secondary data analysis using nationwide
population-based data. Data was retrieved from the National Health
Insurance Services (NHIS) claims database combined with the
national health check-up data. The NHIS is a single-payer health care
system in Korea and covers majority of South Koreans. Additionally,
under the National Health Insurance, those over the age of 40 are
expected to undergo a health check-up including blood tests, self-
reported questionnaires, and further examinations at least every
2 years. The subject group of this study include those who have been
newly assigned a disability code as of 2010-2019. The control group
is defined as those who had never been given a disability grade in the
past, and they are pre-matched 1 on1 with the subject group based on
gender and age. In this study, those who have received health
check-ups in either 2018 or 2019 were screened for eligibility. If a
person was screened in both 2018 and 2019, the latter result
was adopted.

Of the sample of 670,029 participants, those who died in the year
of disability registration or before the health check-up, and those with
missing in key dependent or independent variables (e.g., hemoglobin
conc., health insurance premium, etc.) were excluded which yielded a
remaining sample of 647,739. In addition, people registered as
disabled due to internal or liver disorders were not included in the
final analysis as bias in their blood hemoglobin levels was expected.
People with facial disorder was also excluded due to the differences in
nature compared to other disabilities. The specific process of selecting
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the study participants included in the analysis was presented in

2.2 Definition of variables

The dependent variable of the study, blood hemoglobin
concentration, was obtained from the first venous blood test tube
during health check-ups and was expressed in grams per deciliter (g/
dL). According to the NHIS health check-up guidelines, individuals
with blood hemoglobin concentrations less than 12.0 g/dL in men and
less than 10.0 g/dL in women were defined as ‘suspected disease, and
were categorized as having hemoglobin deficiency (abnormal) in this
analysis (29). During data processing, individuals with hemoglobin
concentrations of zero or higher than 25.0 g/dL were treated as
outliers and excluded.

Regarding covariates, comorbidities were calculated using the
updated Charlson Comorbidity Index (CCI) (
used in healthcare research using claims data, and recategorized as 0,

), which is widely

1, 2 or above. Body Mass Index (BMI) was calculated using height
and weight, and categorized according to the Asia Pacific classification
(31). Under this classification, individuals with BMI < 18.5 kg/m2
were defined as underweight, 18.5-22.9 kg/m2 as normal weight,
23.0-24.9 kg/m2 as overweight, and > 25.0 as obese. Systolic and
diastolic blood pressure measurements were taken, and values
considered outliers were excluded (systolic: less than 60 or higher
than 400; diastolic: less than 30 or higher than 250). Fasting blood
glucose was measured after an 8 to 12-h fasting period. To assess

10.3389/fnut.2025.1519098

kidney function, serum creatinine concentration and urine protein
were collected (excluding urine protein values of 0 or higher than 6).
For liver function assessment, aspartate aminotransferase (AST),
which measures enzymes indicating liver cell damage was measured.
Additionally, y-glutamyl transpeptidase (GTP), which indicates fatty
liver, was measured. Smoking and drinking behaviors, along with
frequency of physical activity, were collected through self-
reported questionnaires.

Several regional-level variables indicating healthcare and
welfare resources were included in the analysis. The ‘number of
doctors per 1,000 people’ is defined as the number of doctors,
traditional medicine doctors, and dentists currently working in
medical institutions per 1,000 people. This indicator is commonly
used to determine appropriate health workforce levels, with higher
numbers indicating better medical welfare (32). The ‘number of
social welfare facilities per 100,000 people’ was also included. These
facilities serve older populations, women, children, persons with
disabilities, and homeless, individuals, serving as an indicator of
welfare consideration for vulnerable groups (33). Welfare facilities
provide diverse services, from care and social service delivery to
healthcare service coordination, and are particularly important for
persons with disabilities during their initial health assessments (34).
The ‘social welfare budget ratio’ represents the proportion of social
welfare and health spending in a local government’s total annual
budget. Higher values are interpreted as having more positive
effects on population quality of life (35). These social welfare
budgets cover basic pensions, activity assistance benefits,
transportation fees, and healthcare benefits for the low-income

(n=670,029)

Participants from NHIS Check-up 2018-2019

Excluded (n=2,663)
Due to death in the year of disability registration

or before check-up

Participants for analysis (n=667,366)

Excluded (n=19,627)
| Due to missing in key variables (e.g. hemoglobin

conc., health insurance premium, etc.)

Participants selected for further analysis (n=647,739)

1:3

A

People with disability
(n=1,697)

Matching sample of people w/o

disability (n=5,091)

FIGURE 1

Flowchart of participant selection process. NHIS, National Health Insurance Services
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groups. Therefore, regional variations can impact healthcare
accessibility for persons with disabilities (36, 37).

These regional level variables (at the city/county/district level)
collected in 2018 were provided by Statistics Korea (The description
of the regional level variables is available in the Supplementary Table 1).

2.3 Statistical analysis

Propensity scores for each participant were calculated using
logistic regression, adjusted for age, sex, health insurance premium (as
a proxy variable for income status), and Charlson Comorbidity Index
(CCI). Propensity score matching is a statistical methodology that
makes two different groups as homogeneous as possible, and is widely
used in observational studies using healthcare big data (38).
Participants with and without disabilities were matched in a 1:3 ratio,
yielding a total of 6,788 subjects for further analysis.

Using this matched sample, associated factors of blood
hemoglobin levels were examined. T-tests were used to compare
continuous variables, and chi-square tests were used for categorical
variables. To examine the variation in regional-level data, the quartiles
of each variable were calculated, and the mean and standard deviation
of each quartile were presented.

Additionally, multiple logistic regression analysis was performed
to identify factors associated with low hemoglobin concentration in
people with and without disabilities. For further analysis, multi-level
analysis incorporating both individual, and regional level was
conducted. To confirm model fit, log likelihood and AIC (Akaike
Information Criterion) values of each model were compared. AIC is
often used to measure model adequacy in multiple modeling (39). All
data management and analysis were performed using SAS Enterprise
Guide 7.4.

3 Results

General characteristics of participants with and without disability,
before and after matching are shown in Table 1. Initially, the sample
comprised 1,697 persons with disability and 646,042 without
disabilities. After 1:3 matching based on sex, age, health insurance
premium, and CCI, the sample included 1,697 persons with
disabilities and 5,091 without disabilities. Before matching, people
without disabilities showed a higher proportion of individuals in their
40s and 50s and a lower proportion in their 70s or older. After
matching, there was no statistical difference in age distribution
between the two groups. Regarding health insurance premiums,
persons with disabilities initially showed higher proportion of
medical aid recipients [0], while those without disabilities had a
higher proportion in the highest premium category [4]. These
differences disappeared after matching. Similarly, while people
without disabilities initially showed a higher proportion of CCI scores
of 0, the CCI distribution between groups showed no differences after
matching (Distribution changes in propensity scores before and after
matching are presented in the Supplementary Figure 1).

Variables that were not used in the matching process which
were clinical and health behavioral aspects was also showed in
Table 1. Analysis of body mass index of the samples revealed
higher proportion of underweight individuals among persons with
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disabilities, while those without disabilities showed higher
proportions of overweight individuals. Waist circumferences
measures showed no differences between the two groups. Blood
pressure measures (both diastolic and systolic), were higher among
people without disability, while fasting glucose was higher in those
with disability. Kidney function indicators including urine protein
and serum creatinine concentrations, were significantly higher
(indicating poor kidney function) in persons with disabilities.
Similarly, liver function indicators including AST and y-GTP
concentrations, were all significantly higher (indicating poorer
condition) in persons with disability, even after matching.
Regarding health behaviors, persons with disabilities showed
higher proportions of non-smokers and non-drinkers, while those
without disabilities reported higher levels of physical activity.
Notably, the proportion of individuals with low blood hemoglobin
concentration (suspicious for disease), was approximately three
times higher among those with disabilities even after matching for
gender, age, CCI, and health insurance premium.

Table 2 presents the results of multi-level analysis including
regional-level variables. (Logistic regression results with individual-
level variables only are included in the Supplementary Table 2).
Analysis of the entire sample (n = 6,788) showed those who were
over 70 years of age, women, and obese were more likely to have
abnormal hemoglobin level. Regarding health behaviors, physical
inactivity was associated with higher risk of abnormal hemoglobin,
while alcohol consumption and current tobacco smoking were
associated with lower risk. Clinical indicators showed that higher
concentrations of creatinine, urine protein, and AST were associated
with increased possibilities of abnormal hemoglobin. Among
regional variables, the social welfare budget showed a significant
correlation with individual hemoglobin concentration, and those
living in areas with low welfare budgets were more likely to have
abnormal hemoglobin.

Analysis of participants with disabilities (n = 1,697) showed that
women, individuals with low health insurance premiums, and those
who were obese or had wider waist circumferences were less likely to
have abnormal hemoglobin levels. Physical inactivity was associated
with higher likelihood of abnormal hemoglobin, while alcohol
consumption 1-2 times per week was associated with lower likelihood.
Higher blood creatinine and AST concentrations, indicating kidney
and liver damage respectively, were associated abnormal hemoglobin
concentrations. Social welfare budget at the regional-level also showed
significant correlation with individual hemoglobin concentration,
with areas having the lowest budgets [Q1] showing more than twice
the likelihood of abnormal hemoglobin compared to the highest
budget areas [Q4].

For participants without disabilities (1 = 5,091), age was found as
the key variable, with those aged 70 years or older being more than
six times more likely to have abnormal hemoglobin concentrations.
Both BMI and waist circumference were also significant variables,
with underweight status increasing the probability of abnormal
hemoglobin and obesity decreasing it. In terms of health behaviors,
abnormal hemoglobin was higher in people who do not practice
physical activity, and it was lower in people who currently smoke
tobacco. Blood creatinine and AST concentrations were consistently
associated with the likelihood of having abnormal hemoglobin
concentrations. Notably, no regional variables showed significant
associations in this group.
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TABLE 1 General characteristics of participants before and after matching (1:3; %).

Before matching

After matching

Disability w/o disability Disability w/o disability
n=1,697 n = 646,042 n=1,697 n =5,091
Male 57.63 57.05 0.6269 57.63 59.10 0.2857
Sex Female 42.37 42.95 42.37 40.90
40 6.42 17.79 <0.0001 6.42 6.82 0.8221
50 17.03 29.2 17.03 17.78
Age
60 29.82 32.84 29.82 29.37
70+ 46.73 20.16 46.73 46.04
Health insurance Medical aid 6.87 2.13 <0.0001 6.87 6.78 0.6630
premium Q1 17.64 18.14 17.64 17.74
Q2 18.48 16.50 18.48 17.09
Q3 22.86 24.43 22.86 24.22
Q4 34.14 38.81 34.14 34.18
0 51.09 73.04 <0.0001 51.09 49.62 0.5207
CCI 1 16.85 10.86 16.85 16.93
2+ 32.06 16.10 32.06 33.45
185< 11.48 2.76 <0.0001 11.48 422 <0.0001
18.5-22.9 39.22 31.98 39.22 34.02
BMI
23.0-24.9 17.81 26.54 17.81 26.09
25 < 31.49 38.72 31.49 35.67
Waist
rumference Mean (S.D) 83.31 (10.07) 83.61 (8.81) 0.1692 83.31 (10.07) 83.85 (9.02) 0.0514
No 68.06 63.51 <0.0001 68.06 65.47 0.0100
Smoking Yes 24.10 29.57 24.10 28.28
Ever 7.84 6.92 7.84 6.25
No 79.91 59.66 <0.0001 79.91 67.07 <0.0001
2-3/mon. 4.60 11.10 4.60 7.74
Drinking
1-2/wk. 8.19 17.69 8.19 13.89
3/wk.+ 7.31 11.55 7.31 11.30
No 66.65 74.80 <0.0001 66.65 4991 <0.0001
Physical activity 1-2/wk. 8.43 10.06 8.43 12.41
3/wk.+ 24.93 15.14 24.93 37.67
BP-diastolic Mean (S.D) 75.22 (10.59) 76.48 (9.85) <0.0001 75.22 (10.59) 75.99 (9.89) 0.0062
BP-systolic Mean (S.D) 128.00 (17.65) 128.10 (15.30) 0.7154 128.00 (17.65) 129.70 (15.57) 0.0005
Fasting BG Mean ($.D) 112.20 (40.29) 106.5 (26.94) <0.0001 112.20 (40.29) 108.20 (28.92) <0.0001
Creatinine Mean (S.D) 1.10 (0.85) 0.90 (0.51) <0.0001 1.10 (0.85) 0.95 (0.94) <0.0001
Urine protein Mean ($.D) 1.32(0.88) 1.13 (0.52) <0.0001 1.32(0.88) 1.15 (0.58) <0.0001
y-GTP Mean (S.D) 49.64 (101.00) 36.62 (51.34) <0.0001 49.64 (101.00) 35.54 (51.06) <0.0001
AST Mean ($.D) 28.30 (23.56) 27.71 (21.50) 0.2974 28.30 (23.56) 27.50 (14.93) 0.1007
HGB Abnormal 16.09 5.07 <0.0001 16.09 5.81 <0.0001
Normal 83.91 94.93 83.91 94.19

CCI, Charlson Comorbidity Index; BMI, Body Mass Index; BP, Blood Pressure; SD, Standard Deviation; BG, Blood Glucose; GTP, Gamma-Glutamyl Transpeptidase; AST, Aspartate
Aminotransferase; HGB, Hemoglobin. Abnormal HGB level for men was < 10, and for women was < 12. Variables used in propensity score matching: sex, age, health insurance premium,

and CCL.
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TABLE 2 Results of multi-level analysis—associated factors of blood hemoglobin level.

Abnormal HGB

All w/ disability w/o disability
95% ClI p-value 95% CI p-value 95% CI p-value

Individual-level factors
Sex (ref. male) Female 0.343 | (0.264,0.445) <0.0001 0.247 (0.163, 0.374) <0.0001 0.444 | (0.313,0.629) <0.0001
Age (ref. 40s) 50-59 1489 | (0.758,2.924) 0.2481 1.361 (0575, 3.222) 0.4832 1.852 | (0.523,6.560) 0.3399
60-69 1.631 (0.840, 3.165) 0.1483 1.012 (0.426, 2.405) 0.9783 3321 (0.984,11.205) 0.0531
70+ 3249 | (1.695,6.230) 0.0004 1.795 (0.770, 4.185) 0.1754 6.515 | (1.953,21.732) 0.0023
Health insurance Medical
premium (ref. Q4) d 1424 | (0.890,2.278) 0.1405 0.928 (0.439, 1.964) 0.8456 1995 | (1.067,3.729) 0.0306
Q1 0907 | (0.672,1.225) 0.5256 0.546 (0.330, 0.902) 0.0183 1223 | (0.834,1.795) 0.3022
Q2 0.774 | (0.565, 1.060) 0.1100 0.619 (0377, 1.016) 0.0579 0.877 | (0.575,1.337) 0.5426
Q3 1.089 | (0.845,1.405) 0.5093 0.858 (0571, 1.289) 0.4614 1272 | (0.907,1.783) 0.1636
1 1234 | (0.947,1.607) 0.1201 1.401 (0.900, 2.180) 0.1354 1149 | (0817, 1.615) 0.4255
CCI (ref. 0)
2+ 1.071 (0.852, 1.345) 0.5574 1.204 (0.839, 1.729) 0.3141 0.976 | (0.718,1.325) 0.8742
BMI (ref. 18.5-23) <185 1166 | (0.796,1.708) 0.0004 0.697 (0.389, 1.249) 0.2249 1.968 | (1.171,3.308) 0.0106
23-25 0.670 | (0.509, 0.883) 0.4292 0.800 (0.500, 1.280) 0.3528 0.614 | (0.431,0.874) 0.0067
>25 0479 | (0.344, 0.666) 0.0044 0.587 (0.353, 0.976) 0.0400 0.435 | (0.277,0.681) 0.0003
Waist Circum, 0988 | (0.973,1.003) 0.1300 0.973 (0.951, 0.996) 0.0223 0.999 | (0.978,1.021) 0.9456
Physical activity (ref. None 1.461 (1.159, 1.842) 0.0013 1.593 (1.070, 2.371) 0.0218 1377 | (1.025,1.851) 0.0340
>3 a week) <3aweek = 1373 | (0.947,1.990) 0.0943 1.870 (1.007, 3.474) 0.0474 1109 | (0.678,1.814) 0.6800
Drinking (ref. non- <3a
drinker) onth 0.706 | (0.444,1.121) 0.1402 0.657 (0.298, 1.448) 0.2972 0.781 (0.431, 1.415) 0.4148
1-2aweek | 0550 | (0.374,0.809) 0.0024 0.515 (0.268, 0.989) 0.0463 0.618 | (0.375,1.017) 0.0585
>3aweek = 0617 | (0.420,0.906) 0.0138 0.648 (0.331, 1.268) 0.2051 0.659 | (0.404,1.076) 0.0954
Past
0.871 (0.680, 1.114) 0.2707 0.876 (0.585, 1.313) 0.5222 0.843 | (0.610, 1.165) 0.3015
Smoking (ref. non- smoker
smoker) Current
moker 0.602 | (0.374,0.969) 0.0366 0.723 (0.366, 1.429) 0.3510 0.453 (0.215, 0.953) 0.0370
Creatinine 3759 | (2.979,4.743) <0.0001 2.810 (2.095, 3.770) <0.0001 5903 (4.039,8.627) <0.0001
Urine protein 1136 | (1.004, 1.285) 0.0433 1.180 (0.992, 1.404) 0.0611 1137 | (0.952,1.359) 0.1561
AST 1.010 | (1.003,1.018) 0.0047 1.011 (1.002, 1.020) 0.0125 1.005 | (0.990, 1.020) 0.5176
y-GTP 1.001 (1.000, 1.003) 0.1566 1.000 (0.999, 1.002) 0.6147 1.002 | (0.999,1.005) 0.2948
Disability (ref. no) Yes 2218 | (1.798,2.736) <0.0001
Regional-level healthcare resources
No. of doctors per Q1 1015 | (0.707, 1.456) 0.9355 0.997 (0.543, 1.833) 0.9930 1.008 | (0.621, 1.637) 0.9729
1,000 (ref. Q4) Q2 1121 | (0.824,1.525) 0.4675 0.779 (0.445, 1.328) 0.3460 1405 | (0.950,2.079) 0.0889
Q3 1.095 | (0.814,1.474) 0.5469 0.806 (0.479, 1.357) 0.4178 1.351 (0.922,1.978) 0.1225
No. of social facilities Q 1343 | (0.926,1.948) 0.1204 1.283 (0.671,2.455) 0.4513 1328 | (0.820,2.153) 0.2489
per 100,000 (ref. Q4) Q2 1150 | (0.833,1.587) 0.3954 1.026 (0.591, 1.782) 0.9272 1259 | (0.823,1.924) 0.2880
Q3 0.833 | (0.600, 1.155) 0.2730 0.881 (0.514,1.512) 0.6459 0.801 (0.514, 1.248) 0.3269
Social welfare budget Q1 1594 | (1.070,2.376) 0.0219 2.201 (1.021, 4.000) 0.0434 1312 | (0.773,2.227) 0.3135
(ref. Q4) Q2 1374 | (0.970,1.946) 0.0735 1.559 (0.841, 2.890) 0.1587 1299 | (0.833,2.026) 0.2489
Q3 1367 | (1.028,1.818) 0.0317 1.503 (0.903, 2.503) 0.1171 1278 | (0.890, 1.836) 0.1840
AIC 2988.63 1168.49 1833.72
—2LogL 2908.63 1088.49 1755.72

HGB, Hemoglobin; OR, Odds Ratio; CI, Confidence Interval; CCI, Charlson Comorbidity Index,; BMI, Body Mass Index; AST, Aspartate Aminotransferase; y-GTP, Gamma-Glutamyl
Transpeptidase; AIC, Akaike Information Criterion. Health premium were categorized with 5 groups: medical aid group and quartiles (Q1-Q4), and 4th quartile is the richest. Variables used
in propensity score matching: sex, age, health insurance premium, and CCI. Adjusted variables: diastolic blood pressure, systolic blood pressure, fasting glucose. Abnormal HGB level for men
was < 10, and for women was < 12.
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4 Discussion

This study investigated hemoglobin concentration status in
Korean populations with and without disabilities by analyzing
nationwide claims and check-up data. After 1:3 matching using
gender, age, health insurance premium, and CCI, persons with
disabilities showed more than twice the proportion of low body
weight (BMI less than 18.5) and higher rates of smoking, drinking,
and physical inactivity. The prevalence of abnormal hemoglobin
levels was approximately three times higher in persons with disability.
Additionally, larger standard deviations in clinical variables,
including hemoglobin levels, were observed in persons with
disabilities, indicating greater variation within this group. This study
is the first study to emphasize the health problems focusing on
anemia, which can be prevented through community-based
nutritional interventions.

The results indicated that men in both groups were more likely to
have abnormal hemoglobin levels. While previous studies and national
policies have primarily focused on women, particularly adolescent girls
and pregnant women, as vulnerable groups, this study revealed that
men over 40 years of age, including the elderly may also constitute a
vulnerable population regarding low hemoglobin levels. These findings
may partially reflect the different criteria for abnormal hemoglobin in
men (<12 g/dL) and women (<10 g/dL). Although women generally
face stronger association of anemia, some studies demonstrate
increased anemia incidence in elderly men with age (40, 41). The
study’s focus on middle-aged and elderly people over 40 years of age,
including the elderly, along with the matched sample of persons with
disabilities, included a relatively large proportion of older individuals,
potentially influencing these results (mean ages before matching:
67.02 years for those with disabilities, 59.87 years for those without).

Age emerged as a significant factor only in the sample of those
without disability. Individuals aged 70 years or older were significantly
more likely to have abnormal hemoglobin levels. Using health insurance
premiums as a proxy for economic status, contrasting patterns emerged.
Among persons with disability, those with relatively high income
showed higher likelihood of abnormal hemoglobin, while among people
with no disability, those with low income were more likely to have
abnormal hemoglobin. This inverse relationship among persons with
disability may be attributed to existing support system for low-income
disabled population, enabling service access and usage within the system.

Regarding health behaviors, both groups showed similar patterns.
Physical inactivity was associated with higher probability of abnormal
hemoglobin, while moderate smoking or drinking was associated with
lower probability of abnormal hemoglobin. These findings suggest that
individuals that can engage in smoking and drinking may be able to
do so because their current health condition is relatively good (42-44).

Furthermore, kidney and liver function showed significant
associations with blood hemoglobin levels in both groups. In
particular, persons with disability who also have chronic kidney
disease face heightened risk of developing additional health problems
due to anemia, emphasizing the need for continued research and
treatment methods to manage their hemoglobin levels.

Among regional health and welfare resource variables, the ‘ratio of
social welfare budget’ was significantly associated to individual
hemoglobin concentration. This finding demonstrates the substantial
impact of community resources on the health management for persons
with disabilities. The social welfare budget ratio reflects population size,
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distribution of vulnerable populations, and financial status, and is
reported to vary by region (45). While this indicator does not directly
measure budget allocation for nutrition projects for persons with
disability, it suggests that regions with higher welfare budgets may have
implemented projects that have benefited the nutritional problems of
the vulnerable populations. In fact, Korean nutritional support
programs typically focus on direct food provision to participants (46).
While national health promotion programs under the Ministry of
Health and Welfare, such as the Nutrition Plus Program and Customized
Nutrition Management Program, include nutrition counseling services,
locally run programs primarily utilize food provision methods,
including meal services through welfare facilities and meal delivery.

This study offers several methodological contributions. First, this
study compared and analyzed factors affecting the hemoglobin levels
of people with and without disability by matching their characteristics
through propensity score matching (PSM). Because while claims data
analysis uses nationally representative data, it cannot replicate the
effects of clinical research such as randomized controlled trials
(RCTs), PSM helped to minimize group differences. Although PSM
may retain hidden bias due to limitation of included variables, it
helped to address the limitations of claims data analysis by
maximizing similarity of the two groups.

This study also analyzed claims data from the entire population,
targeting individuals who registered their disabilities during 2010-
2019 and their matched non-disabled counterparts. Unlike previous
studies primarily focusing on persons with congenital disabilities, our
database enabled the identification of disability registration timing
through claims data. The utilization of nationwide health insurance
claims database, representing both populations with and without
disability, further strengthens this study. Previous studies on the
persons with disability in Korea had limitations in that they conducted
with only for some people with specific disabilities were limited by
their focus on specific disability types or reliance on subjective
questionnaires. In contrast, this study conducted comprehensive
analysis including all disabled people for whom screening data were
available. However, this study analyzed the disabled population as a
single group, and the diversity within the disabled population was not
considered, which may need to be addressed in future research.

The political implication of this study is as follows. Through multi-
level analyses, we identified regional variations in the blood
hemoglobin concentration among individuals with disabilities,
specifically finding that social welfare resources, rather than healthcare
resources, significantly impact nutritional problems in persons with
disabilities. Based on the national survey (19), persons with disabilities
are known to be more vulnerable than non-disabled persons in terms
of chronic diseases, education, and income level, and therefore, the
social welfare budget for supporting the health and nutrition of
vulnerable population is interpreted to have a more significant impact
on persons with disabilities than on non-disabled persons.

In South Korea, healthcare for the persons with disabilities
emphasizes social welfare rather than medical care. While “The
Comprehensive Health Plan for the People with Disability, scheduled
for implementation in 2024, seeks to include plans to expand the
primary care physician system, it lacks direct nutrition-related
initiatives (36). Although a ‘Nutritional management for the persons
with disability’ program exists, it operates only in limited areas (47).
Given the findings of this study that showed persons with disabilities
are more likely to have nutritional problems, such as abnormal
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hemoglobin levels, it is imperative to implement more comprehensive
nutrition aid projects. These projects should focus on improving blood
hemoglobin levels and providing targeted screening program for the
persons with disabilities. This study provides foundational evidence
for establishing nutrition and health-related agendas for persons with
disabilities. Implementation of policies focusing on awareness
improvement and nutrition projects is also necessary.

Despite the implications, this study yields some limitations. First,
the analysis’s restriction to 2018-2019 data precluded long-term
follow-up and determination of causal relationships between factors
and hemoglobin concentration. Additionally, there may potential
selection bias. As the study utilized claims check-up data, it may
oversample employed individuals and those who are able to receive a
medical examination. Among persons with disability, those with
mobility challenges, those who without a caregiver, and those with
severe disabilities may been excluded from the analysis. Therefore, it
is possible that the burden of anemia among persons with disabilities
may be underestimated in this study. Lastly, due to limitation of claims
data, this analysis did not consider diet and nutrient intake, which is
the major contributor to blood hemoglobin concentration.

Based on these considerations, several areas for future research are
recommended. Given that this study examined the population with
disabilities as a single group, analysis of differences according to
disability characteristics, such as mental vs. physical disabilities, would
be valuable. Furthermore, future studies are needed that consider factors
affecting hemoglobin levels that were not considered in this study, and
it would also be beneficial to conduct studies that track additional health
outcomes beyond hemoglobin levels according to disability.

5 Conclusion

This study investigated individual and regional-level factors
associated with low hemoglobin levels in people with and without
disabilities using a nationwide health insurance claims database with
check-up data. PSM analysis identified gender, BMI, health behavior
variables, and kidney and liver functions as significant factors in both
groups. Notably, disability was significantly associated with lower
hemoglobin level, even after matching. Analysis of persons with disability
revealed that the level of local welfare resources was a significant factor,
confirming the important role of community welfare and medical
resources in improving the nutritional status and overall health of persons
with disability. The findings and implications of this study could
be further developed through future research that considers disability
type and duration, and enables follow-up investigation of health outcomes.

Data availability statement

The data analyzed in this study is subject to the following licenses/
restrictions: please state the restrictions that apply to the dataset.
Requests to access these datasets should be directed to nhiss.nhis.or.kr/.

Ethics statement

The studies involving humans were approved by the
Institutional Review Board (IRB) of Kyung Hee University

Frontiers in Nutrition

10.3389/fnut.2025.1519098

[approval number: KHSIRB-21-330(EA)]. The studies were
conducted in accordance with the local legislation and
institutional requirements. Written informed consent for
participation was not required from the participants or the
participants’ legal guardians/next of kin in accordance with the
national legislation and institutional requirements.

Author contributions

SL: Formal analysis, Software, Writing — original draft, Data
curation. Y-IJ: Conceptualization, Supervision, Writing — review &
editing, Resources. HY: Data curation, Project administration,
Validation, Visualization, Writing - review & editing. S-YJ: Data
curation, Methodology, Validation, Visualization, Writing - review &
editing. BJ: Conceptualization, Supervision, Writing - review &
editing. I-HO: Resources, Supervision, Writing - review & editing. SJ:
Data curation, Methodology, Validation, Writing - review & editing.

Funding

The author(s) declare that financial support was received for the
research and/or publication of this article. This research was
supported by Korea Health Industry Development Institute (KHIDI),
supported by the Ministry of Health &Welfare, Republic of Korea
(grant number: HI21C2122). The funder had no role in the design of
the study, data collection, analysis, or interpretation, nor in writing
the manuscript.

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.

Generative Al statement

The authors declare that no Generative AI was used in the
creation of this manuscript.

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.

Supplementary material
The Supplementary material for this article can be found online

at: https://www.frontiersin.org/articles/10.3389/fnut.2025.1519098/
full#supplementary-material

frontiersin.org


https://doi.org/10.3389/fnut.2025.1519098
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://nhiss.nhis.or.kr/
https://www.frontiersin.org/articles/10.3389/fnut.2025.1519098/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fnut.2025.1519098/full#supplementary-material

Leeetal.

References

1. Hisa K, Haruna M, Hikita N, Sasagawa E, Yonezawa K, Suto M, et al. Prevalence of
and factors related to anemia among Japanese adult women: secondary data analysis
using health check-up database. Sci Rep. (2019) 9:17048. doi: 10.1038/s41598-019-52798-y

2. World Health Organization. Iron deficiency anemia: assessment, prevention and
control a guide for programme managers. Geneva: WHO/NHD (2001).

3. Sharma J, Devanathan S, Sengupta A, Rajeshwari PN. Assessing the prevalence of
iron deficiency anemia and risk factors among children and women: a case study of rural
Uttar Pradesh. Clinical Epidemiol Global Health. (2024) 26:101545. doi:
10.1016/j.cegh.2024.101545

4. Garcia-Casal MN, Dary O, Jefferds ME, Pasricha SR. Diagnosing anemia: challenges
selecting methods, addressing underlying causes, and implementing actions at the
public health level. Ann N'Y Acad Sci. (2023) 1524:37-50. doi: 10.1111/nyas.14996

5. Cascio MJ, DeLoughery TG. Anemia: evaluation and diagnostic tests. Med Clin.
(2017) 101:263-84. doi: 10.1016/j.mcna.2016.09.003

6. Kim SY, Yoo DM, Min C, Choi HG. Association between osteoporosis and low
hemoglobin levels: a nested case-control study using a National Health Screening
Cohort. Int ] Environ Res Public Health. (2021) 18:8598. doi: 10.3390/ijerph18168598

7. Young EW, Wang D, Kapke A, Pearson J, Turenne M, Robinson BM, et al.
Hemoglobin and clinical outcomes in hemodialysis: an analysis of US Medicare data
from 2018 to 2020. Kidney Med. (2022) 5:100578. doi: 10.1016/j.xkme.2022.100578

8. Barrera-Reyes PK, Tejero ME. Genetic variation influencing hemoglobin levels and
risk for anemia across populations. Ann N Y Acad Sci. (2019) 1450:32-46. doi:
10.1111/nyas.14200

9. Bener A, Ehlayel MS, Hamid Q. The impact of anemia and hemoglobin level as a
risk factor for asthma and allergic diseases. Indian J Allergy, Asthma Immunol. (2015)
29:72-8. doi: 10.4103/0972-6691.178271

10. Lee EA, Shin DW, Yoo JH, Ko HY, Jeong SM. Anemia and risk of fractures in older
Korean adults: a nationwide population-based study. ] Bone Miner Res. (2019)
34:1049-57. doi: 10.1002/jbmr.3675

11. Maraldi C, Ble A, Zuliani G, Guralnik JM, Mussi C, Fellin R, et al. Association
between anemia and physical disability in older patients: role of comorbidity. Aging Clin
Exp Res. (2006) 18:485-92. doi: 10.1007/BF03324848

12. Habib N, Abbasi SS, Aziz W. An analysis of societal determinant of Anemia among
adolescent girls in Azad Jammu and Kashmir, Pakistan. Anemia. (2020) 2020:1-9. doi:
10.1155/2020/1628357

13. Iwasaki K, Takeshima T, Tateyama M, Ha C, Yamamoto Y, Takeda J. EPH174
utilization of intravenous Iron preparations for Iron deficiency Anemia: a longitudinal
study using a Japanese health insurance claims database with annual health check-ups
in 2018—2021. Value Health. (2022) 25:5224. doi: 10.1016/j.jval.2022.09.1095

14. Penninx BW, Pahor M, Cesari M, Corsi AM, Woodman RC, Bandinelli S, et al.
Anemia is associated with disability and decreased physical performance and muscle
strength in the elderly. ]| Am Geriatr Soc. (2004) 52:719-24. doi:
10.1111/j.1532-5415.2004.52208.x

15. World Health Organization. (2015). WHO global disability action plan 2014-2021:
Better Health for All People with Disability. Available at: https://iris.who.int/bitstream/
handle/10665/199544/9789241509619_eng.pdf?sequence=1 (Accessed March 02, 2025).

16. Kim Y, Shin DW, Kim HW, Jung JH, Han K, Cho IY, et al. Disparities in gastric
cancer screening among people with disabilities: a national registry-linkage study in
South Korea. Gastric Cancer. (2020) 23:497-509. doi: 10.1007/s10120-019-01017-8

17. Drum CE, Krahn G, Culley C, Hammond L. Recognizing and responding to the
health disparities of people with disabilities. California ] Health Promotion. (2005)
3:29-42. doi: 10.32398/cjhp.v3i3.647

18. Kinne S, Patrick DL, Doyle DL. Prevalence of secondary conditions among people
with disabilities. Am ] Public Health. (2004) 94:443-5. doi: 10.2105/AJPH.94.3.443

19. Ministry of Health and Welfare. (2023). Survey on the status of persons with
disabilities. Sejong: Korea Institute for Health and Social Affairs.

20. Marrocco A, Krouse HJ. Obstacles to preventive Care for Individuals with
disability: implications for nurse practitioners. ] Am Assoc Nurse Pract. (2017)
29:282-93. doi: 10.1002/2327-6924.12449

21.Kim S, Jeon B. Decomposing disability inequality in unmet healthcare needs and
preventable hospitalizations: an analysis of the Korea health panel. Int J Public Health.
(2023) 68:1605312. doi: 10.3389/ijph.2023.1605312

22.Kim JY, Kang MW, Seo WY, Lee J. Chronic diseases, health behaviors, and
mortality in persons with disabilities: an analysis of the National Health Insurance
Service-health screening (NHIS-HEALS) database. Health Social Welfare Rev. (2020)
40:121-50. doi: 10.15709/hswr.2020.40.2.121

23. Moore R, Dada S, Emmambux MN, Samuels A. Food and nutrition security in
persons with disabilities. A scoping review. Glob Food Sec. (2021) 31:100581. doi:
10.1016/j.g£s.2021.100581

24. Heflin CM, Altman CE, Rodriguez LL. Food insecurity and disability in the
United States. Disabil Health J. (2019) 12:220-6. doi: 10.1016/j.dhjo.2018.09.006

Frontiers in Nutrition

10.3389/fnut.2025.1519098

25. Hariprasad PG, Elizabeth KE, Valamparampil MJ, Kalpana D, Anish TS. Multiple
nutritional deficiencies in cerebral palsy compounding physical and functional
impairments. Indian J Palliat Care. (2017) 23:387-92. doi: 10.4103/[JPC.IJPC_52_17

26. Corona LP, Andrade FC, Duarte YA, Lebrao ML. The association of hemoglobin
concentration with disability and decreased mobility among older Brazilians. J Nutr
Health Aging. (2014) 18:336-41. doi: 10.1007/s12603-013-0389-9

27.Wu H, Li Y, Ren L, Li ], Wang Y, Jiang C, et al. Prevalence and associated risk
factors for chronic kidney disease in the elderly physically disabled population in
Shanghai, China: a cross-sectional study. BMC Public Health. (2023) 23:1987. doi:
10.1186/s12889-023-16455-4

28. Wang H, Chen Z, Li Z, He X, Subramanian SV. How economic development affects
healthcare access for people with disabilities: a multilevel study in China. SSM-
Population Health. (2024) 25:101594. doi: 10.1016/j.ssmph.2023.101594

29. National Health Insurance Services Big Data. Guide for National Health Screening
Statistical Yearbook. Wonju: National Health Insurance Services (2019).

30. Quan H, Li B, Couris CM, Fushimi K, Graham P, Hider P, et al. Updating and
validating the Charlson comorbidity index and score for risk adjustment in hospital
discharge abstracts using data from 6 countries. Am J Epidemiol. (2011) 173:676-82. doi:
10.1093/aje/kwq433

31. Okawa Y, Mitsuhashi T, Tsuda T. Is obesity in the Asia-Pacific body mass index
classification associated with new-onset chronic kidney disease in non-diabetic Japanese
men and women? medRxiv. (2024) 2024:01. doi: 10.1101/2024.01.06.23300566

32. European Observatory on Health Systems and Policies (2023). Assessing health
system performance: proof of concept for a HSPA dashboard of key indicators.
European Observatory on Health Systems and Policies. (Policy Brief, No. 60.).
Available at: https://www.ncbi.nlm.nih.gov/books/NBK609578/  (Accessed on
2025 Feb 22)

33. Korean Statistical Information Service. (2024). Statistical Yearbook. Available at:
https://kosis.kr/visual/eRegion]Jipyo/themaJipyo/eRegion]JipyoThemaJipyoView.do?
(Accessed March 02, 2025).

34. Ministry of Health and Welfare. Enforcement Regulations of the Welfare Act for
Persons with Disabilities. (2024). Available online at: https://www.law.go.kr/
(Accessed March 02, 2025).

35, Korean Statistical Information Service. (2024). Statistical Yearbook. Available
online at: https://kosis.kr/statHtml/statHtml.do?orgld=101&tblId=DT_1YL20911
(Accessed March 02, 2025).

36. Ho SH. The comprehensive health care management plan for people with disabilities:
its progress and issues that need addressing. KIHASA Health and Welfare Forum. (2024)
4:50-69.

37. Thorpe KE, Joski P. Association of social service spending, environmental quality,
and health behaviors on health outcomes. Popul Health Manag. (2018) 21:291-5. doi:
10.1089/pop.2017.0136

38. Lee S. (2021). Affecting factors, utilization patterns, and health outcomes of post-
acute care in middle-aged and older adults in Korea. 2021. [Doctoral dissertation]. Seoul
National University.

39. Wagenmakers EJ, Farrell S. AIC model selection using Akaike weights. Psychon
Bull Rev. (2004) 11:192-6. doi: 10.3758/BF03206482

40. Kim TG, Lee SH, Shin S, Cho JH, Kim KW, Ha IH. Sex-related associations among
anemia, body mass index, and kidney function in Koreans: a cross-sectional study with
propensity analysis. Medicine. (2021) 100:€23990. doi: 10.1097/MD.0000000000023990

41. Salive ME, Cornoni-Huntley J, Guralnik JM, Phillips CL, Wallace RB, Ostfeld AM,
et al. Anemia and hemoglobin levels in older persons: relationship with age, gender, and
health status. J Am Geriatr Soc. (1992) 40:489-96.doi: 10.1111/j.1532-5415.1992.tb02017.x

42.Jang M, Choi BS, Kim SH, Kim Y], Shin KS, Yoo BW, et al. The relationship
between cigarette smoking and hemoglobin in age 30~ 50s healthy men. Korean ] Family
Prac. (2015) 5:890-4.

43. Sallis HM, Palmer T, Tilling K, Smith GD, Munfo MR. Using allele scores to
identify confounding by reverse causation: studies of alcohol consumption as an
exemplar. Int ] Epidemiol. (2022) 52:536-44. doi: 10.1093/ije/dyac165

44. Shah BK, Nepal AK, Agrawal M, Sinha AK. The effects of cigarette smoking on
hemoglobin levels compared between smokers and non-smokers. Sunsari Technical
College J. (2012) 1:42-4. doi: 10.3126/stcj.v1i1.7985

45. Moon SJ, Lee JY. Determinants of social welfare expenditure in local government:
a focus on political factors of metropolitan government in Korea. Korean Society Public
Admin. (2015) 25:137-59.

46. Choi SK, Kim SA, Lee JK. Exploring impacts of food insecurity on health and
strategies to manage adverse health outcomes among food insecure populations. Sejong:
Korea Institute for Health and Social Affairs (2019).

47. Ministry of Health and Welfare. Roadmap for Supporting Independent Living of
Persons with Disabilities in the Community. (2024). Available online at: https://www.
mohw.go.kr/menu.es?mid=a10710011000 (Accessed March 02, 2025).

frontiersin.org


https://doi.org/10.3389/fnut.2025.1519098
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.1038/s41598-019-52798-y
https://doi.org/10.1016/j.cegh.2024.101545
https://doi.org/10.1111/nyas.14996
https://doi.org/10.1016/j.mcna.2016.09.003
https://doi.org/10.3390/ijerph18168598
https://doi.org/10.1016/j.xkme.2022.100578
https://doi.org/10.1111/nyas.14200
https://doi.org/10.4103/0972-6691.178271
https://doi.org/10.1002/jbmr.3675
https://doi.org/10.1007/BF03324848
https://doi.org/10.1155/2020/1628357
https://doi.org/10.1016/j.jval.2022.09.1095
https://doi.org/10.1111/j.1532-5415.2004.52208.x
https://iris.who.int/bitstream/handle/10665/199544/9789241509619_eng.pdf?sequence=1
https://iris.who.int/bitstream/handle/10665/199544/9789241509619_eng.pdf?sequence=1
https://doi.org/10.1007/s10120-019-01017-8
https://doi.org/10.32398/cjhp.v3i3.647
https://doi.org/10.2105/AJPH.94.3.443
https://doi.org/10.1002/2327-6924.12449
https://doi.org/10.3389/ijph.2023.1605312
https://doi.org/10.15709/hswr.2020.40.2.121
https://doi.org/10.1016/j.gfs.2021.100581
https://doi.org/10.1016/j.dhjo.2018.09.006
https://doi.org/10.4103/IJPC.IJPC_52_17
https://doi.org/10.1007/s12603-013-0389-9
https://doi.org/10.1186/s12889-023-16455-4
https://doi.org/10.1016/j.ssmph.2023.101594
https://doi.org/10.1093/aje/kwq433
https://doi.org/10.1101/2024.01.06.23300566
https://www.ncbi.nlm.nih.gov/books/NBK609578/
https://kosis.kr/visual/eRegionJipyo/themaJipyo/eRegionJipyoThemaJipyoView.do?
https://www.law.go.kr/
https://kosis.kr/statHtml/statHtml.do?orgId=101&tblId=DT_1YL20911
https://doi.org/10.1089/pop.2017.0136
https://doi.org/10.3758/BF03206482
https://doi.org/10.1097/MD.0000000000023990
https://doi.org/10.1111/j.1532-5415.1992.tb02017.x
https://doi.org/10.1093/ije/dyac165
https://doi.org/10.3126/stcj.v1i1.7985
https://www.mohw.go.kr/menu.es?mid=a10710011000
https://www.mohw.go.kr/menu.es?mid=a10710011000

	Status and factors related to hemoglobin concentration of people with vs. without disability—using nationwide claims check-up database
	1 Introduction
	2 Materials and methods
	2.1 Data source and study design
	2.2 Definition of variables
	2.3 Statistical analysis

	3 Results
	4 Discussion
	5 Conclusion

	References

