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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 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 the study participants included in the analysis was presented in Figure 1.
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FIGURE 1
 Flowchart of participant selection process. NHIS, National Health Insurance Services.




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) (30), which is widely used in healthcare research using claims data, and recategorized as 0, 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 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, γ-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 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).



TABLE 1 General characteristics of participants before and after matching (1:3; %).
[image: Table1]

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 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 γ-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.



TABLE 2 Results of multi-level analysis—associated factors of blood hemoglobin level.
[image: Table2]

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 (n = 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.



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, 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 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.
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