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This study was performed to evaluate the effect of hemoglobin (Hb) on bone mineral density (BMD) 
in university students by performing a quantitative analysis. The subjects included healthy 
university students aged 20 to 30 years. Although osteoporosis has traditionally been considered 
as a disease of aging women, it is becoming an increasingly concerning male health problem. 
Diagnosis of osteoporosis is calculated with a quantitative assessment of BMD. Laboratory blood 
and urine tests are mainly used with low BMD or fragility fractures to identify any possible causes 
of bone metabolism disorders. In this study, there was no difference in BMD according to gender. 
The average red blood cell (RBC), Hb, and Hematocrit (HCT) were significantly higher in males 
(p＜0.01). The correlation between lumbar spine, skeletal muscle mass (SMM), and basal 
metabolic rate (BMR) was statistically significant (p＜0.01). Hb showed a 51.7% statistical 
influence on BMD by multiple regression analysis. These findings are useful to understand the 
relationship between BMD and Hb; lower Hb level is associated with lower BMD. The Hb level was 
the strongest predictor of abnormal BMD. In conclusion, this study showed that a low Hb value was 
significantly correlated with low bone mass, suggesting that a low Hb value is a risk factor for 
changes in bone turnover that leads to a decrease bone density.
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Introduction

Most bone mineral density (BMD) is acquired before 

adolescence [1]. Bone is composed of osteoblasts and osteocytes; 

remodeling cells, namely, osteoclasts; and non-mineral 

matrix of collagen and no collagenous proteins called osteoid, 

with inorganic mineral salts deposited within the matrix. 

During life, the bones undergo processes of longitudinal and 

radial growth, modeling and remodeling [2]. Bone protects 

the vital organs, provides an environment for marrow (both 

blood forming and fat storage), acts as a mineral reservoir for 

calcium homeostasis and a reservoir of growth factors and 

cytokines, and also takes part in acid–base balance [3]. There 

are many factors influencing BMD which include heredity, 

age, gender, weight, body length, smoking, calcium intake, 

caffeine, alcohol etc [4]. Osteoporosis is a clinically-silent 
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disease in its early stages. Bone loss occurs without symp-

toms. It can lead to hip and spine fractures later in life [5].

Hemoglobin (Hb) is the iron-containing oxygen-transport 

metalloprotein in the red blood cells of all vertebrates. Hb 

consists of globin molecules and these proteins, in turn, are 

folded chains of a large number of different amino acids called 

polypeptides. There is more than one hemoglobin gene: in 

humans, hemoglobin A is coded for by the genes, HbA1, 

HbA2, and HbB [6]. Anemia is usually defined as a decrease in 

the amount of red blood cells or hemoglobin in the blood. 

There are three main types of anemia: that due to blood loss. 

Causes of blood loss include trauma and gastrointestinal 

bleeding. Causes of decreased production include iron 

deficiency, a lack of vitamin B12, thalassemia, and a number 

of neoplasms of the bone marrow. Causes of increased 

breakdown include a number of genetic conditions such as 

sickle cell anemia, infections like malaria, and certain 

autoimmune diseases. 

Erythropoietin (EPO) is a glycoprotein hormone that 

controls erythropoiesis, or red blood cell production. It is a 

cytokine for red blood cell precursors in the bone marrow [7]. 

EPO is an essential hormone for red blood cell production. 

Without it, definitive erythropoiesis does not take place. 

Under hypoxic conditions, the kidney will produce and 

secrete erythropoietin to increase the production of red blood 

cells by targeting colony-forming unit–erythrocyte (CFU-E), 

proerythroblast and basophilic erythroblast subsets in the 

differentiation. It is also similar mechanism in the liver.

Hematopoietic and osteogenic cells are known to affect 

each other’s function [8-10]. During blood loss, HSCs are 

stimulated. These activities may also activate osteoprogenitor 

cells in the bone marrow niche [11]. Hence, the aim of this 

study was to demonstrate the BMD and Hb quantitative 

analysis result in subjects who were university students. To 

our best knowledge, this relationship has not been studied 

yet. We aimed to make a comparison of bone health in healthy 

subjects with normal Hb values.

Materials and Methods

1. Subjects

A total of 52 healthy university students in the age of 20∼30 

were investigated by direct experiment through BMD and 

complete blood cell count (CBC) test at a health university 

located in the southern part of Gyeonggi-do in 2015. 

2. Anthropometric data and blood test

An automatic anthropometric instrument that measures 

the height and weight at the same time was used. Body Mass 

Index (BMI) was calculated using the SPSS statistical package 

by dividing weight by height squared and was treated as a 

variable. Body composition analysis was measured by using a 

body composition analysis equipment Inbody 770 (Biospace, 

Seoul, Korea) using a bioelectrical impedance analysis. The 

measured test items as skeletal muscle mass (SMM), body fat 

mass (BFM), total body water (TBW), percent body fat (PBF), 

the ratio of waist and hip (WHR) of the index calculation 

Kaufman, basal metabolic rate (BMR). Blood test was 

performed by collecting venous blood samples after fasting 

for more than 8 hours, and white blood cell (WBC), red blood 

cell (RBC), hemoglobin (Hb), hematocrit (HCT), mean 

corpuscular volume (MCV), mean corpuscular hemoglobin 

(MCH), mean corpuscular hemoglobin concentration (MCHC), 

red cell volume distribution width (RDW), platelet (PLT), 

plateletcrit (PCT), mean platelet volume (MPV), neutrophil 

segment, lymphocyte, monocyte, eosinophil were tested. 

Blood tests were measured using LABGEO PT Hepatic Test 9 

(Samsung Electronics, Suwon, Korea).

3. Bone mineral density measurement

BMD was measured using DPX-BRAVO (General Electric, 

New York, USA) is called Dual Energy X-Ray Absorptiometry 

(DXA), on 2 parts: Lumbar spine, Femoral neck. To measure 

bone mass with a DXA machine, the person lies on a flat 

padded table and remains motionless while the “arm” of the 

instrument passes over the whole body or over selected areas. 

While the measurement is performed, a beam of low-dose 

x-rays from below the table passes through the area being 

measured. These x-rays are detected by a device in the 
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Table 1. General characteristics of subjects

Character
Total (n=52) Male (n=24) Female (n=28)

F/t
M±SD

Age 21.58±2.09 22.17±2.63 21.07±1.35 9.38**/1.84
Height (cm) 167.13±8.31 171.88±8.57 163.07±5.53 3.24/4.45**
Weight (kg) 60.59±12.10 67.24±14.45 54.90±5.06 11.23**/3.98**
BMI (kg/m2) 21.56±3.13 22.62±3.98 20.65±1.79 5.65*/2.23*
SMM (kg) 24.83±6.51 29.69±6.58 20.66±2.02 16.46**/6.47**
BFM (kg) 15.46±5.93 14.28±7.53 16.48±3.99 3.03/−1.34
TBW (kg) 25.71±7.74 38.82±7.87 28.10±2.52 15.50**/6.39**
PBF (%) 25.71±7.74 20.92±7.43 29.82±5.32 1.72/−5.01**
WHR 0.83±0.04 0.84±0.58 0.83±0.42 2.40/0.29
BMR (kcal) 1344±228.76 1513±232.39 1199±74.80 15.92**/6.35**

*p＜0.05, **p＜0.01.
Abbreviation: BMI, body mass index; SMM, skeletal muscle mass; BFM, body fat mass; TBW, total body water; PBF, percent body fat; 
WHR, the ratio of waist and hip; BMR, basal metabolic rate. 

instrument’s “arm.” The machine converts the information 

received by the detector into an image of the skeleton and 

analyzes the quantity of bone in the skeleton. The results are 

usually reported as BMD, or “bone mineral density,” the 

amount of bone per unit of skeletal area. For the spine 

measurement, the person’s lower legs rest on a Styrofoam 

cube with the hips flexed. For the hip measurement, the toes 

are placed in a “pigeon-toed” position to rotate the hips and 

provide the largest projected area to measure. For the arm 

measurement, the person sits on a chair beside the machine 

and places an arm into a holding device while the 

measurement is taken. For a total body measurement, which 

provides individual measurements of the legs, the trunk, the 

pelvis, the ribs, the arms and the skull, the person simply lies 

flat and motionless. Results from a DXA are compared to two 

standards known as “age matched” or “young normal.” The Z 

score is age-matched and the T score compares to the young 

normal. The T score compares to a healthy 25-year old person 

of the same sex. A T score of 0 to -1 is considered normal, a T 

score of -1 to -2.5 is considered osteopenic and less than -2.5 

is considered osteoporotic.

4. Statistical analysis

Statistical analysis was performed using the SPSS, PC, 

Version 21.0 (SPSS, Chicago, USA) program. A frequency 

analysis and mean (M) and standard deviation (SD) were 

calculated for the physical features, CBC results, and BMD of 

the subjects. An chi square analysis was performed for 

homogeneity test, and independent t-test for the difference 

and a correlation analysis was performed for relational 

analysis. In addition, the multiple regression analysis was 

performed according to the correlation. All statistical 

significance level was set as p＜0.05.

Results

1. General characteristics of subjects

The total number of subjects who participated in this study 

is 52 with 24 (46.15%) males and 28 (53.85%) females. The 

average age of the subjects was 21.58±2.09, showing no 

significant difference between the male and female group. 

The average height of the subjects was 167.13±8.31 cm. The 

average weight of the subjects was 60.59±12.10 kg. The male 

showed higher levels than women in the height and weight 

which were statistically significant (p＜0.01). The average 

BMI of the subjects was 21.56±3.13 (kg/m2), the female 

showed a higher than men, they were statistically significant 

(p＜0.05). The average results of SMM, BFM, TBW, PBF, WHR, 

BMR were respectively 24.83±6.51 kg, 15.46±5.93 kg, 

33.05±7.77 kg, 25.71±7.74 %, 0.83±0.04 and 1344±228.76 

kcal in subjects. The Male showed a statistically significantly 

higher results than women in SMM, TBW and BMR (p＜0.01). 

Conversely, PBF, showed a statistically significant higher 

results in men than women. The general characteristic of the 

subjects is described on Table 1.
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Table 3. Measurement of BMD according to subjects

Portion
Total Male Female

F/t 2

M±SD (n:%)

Lumbar spine −0.27±1.00 (52:100) −0.45±1.04 (24:46.2) −0.12±0.96 (28:53.8) 0.32/−1.17 52.00**
Normal 0.17±0.65 (41:78.8) 0.11±0.69 (17:32.7) 0.23±0.62 (24:46.1)
Abnormal −1.73±0.46 (11:21.2) −1.73±0.46 (7:13.5) −1.75±0.45 (4:7.7)
Femoral neck 0.43±1.16 (52:100) 0.75±1.40 (24:46.2) 0.14±0.84 (28:53.8) 9.12**/1.87
Normal 0.786±0.97 (50:96.2) 1.29±1.13 (23:44.3) 0.27±0.82 (27:51.9)
Abnormal −1.35±0.00 (2:3.8) −1.10±0.00 (1:1.9) −1.60±0.00 (1:1.9)

**p＜0.01.
Abbreviation: BMD, bone mineral density.

Table 2. Complete blood count results of subjects

Variable
Total (n=52) Male (n=24) Female (n=28)

F/t
M±SD

WBC (103/L) 6.39±1.57 6.43±1.69 6.35±1.49 0.18/0.19
LYM (%) 30.46±7.31 29.35±7.09 31.31±7.49 0.03/−0.96
MON (%) 5.44±2.18 5.26±2.13 5.60±2.25 0.00/0.99
GRA (%) 64.16±8.04 65.40±7.93 63.10±8.13 0.07/1.02
RBC (106/L) 4.60±0.51 4.95±0.45 4.29±0.33 0.48/5.97**
Hb (g/dL) 13.82±1.85 15.20±1.52 12.64±1.16 0.21/6.86**
HCT (%) 37.43±4.73 40.96±3.84 34.41±3.03 0.05/6.87**
MCV (fL) 81.38±4.93 82.83±2.94 80.14±5.97 8.02**/2.00
MCH (pg) 30.07±2.19 30.77±1.47 29.47±2.53 6.43*/2.28*
MCHC (g/dL) 36.88±0.60 37.07±0.54 36.71±0.60 0.37/2.27*
RDW (fL) 15.04±1.19 14.81±0.83 15.23±1.41 5.15*/−1.26
PLT (103/L) 220.60±64.77 207.50±40.79 231.82±78.89 4.63*/0.98

*p＜0.05, **p＜0.01.
Abbreviation: CBC, complete blood cell count WBC, white blood cell; LYM, lymphocyte; MON, monocyte; GRA, granulocyte; RBC, red 
blood cell; Hb, hemoglobin; HCT, Hematocrit; MCV, mean corpuscular volume; MCH, mean corpuscular hemoglobin; MCHC, mean 
corpuscular hemoglobin concentration; RDW, red cell distribution width; PLT, platelet.

2. Complete blood count results of subjects

The average RBC in the male group was 4.95±0.45 and 

4.29±0.33 in the female group, the average Hb in the male 

group was 15.20±1.52 and 12.64±1.16 in the female group, 

the average HCT in the male group was 40.96±3.84 and 

34.41±3.03 in the female group, with the male group 

showing a significantly higher value (p＜0.01). The average 

MCH in the male group was 30.77±1.47 and 29.47±2.53 in 

the female group, with the male group showing a significantly 

higher value (p＜0.05). The average MCHC in the male group 

and female group was 37.07±0.54 and 36.71±0.60, 

respectively, with the male group showing significantly 

higher value (p＜0.05)(Table 2).

3. Measurement of BMD according to subjects

The difference in BMD test results in the normal group and 

abnormal group according to the gender was shown by 

several variables. There was no difference in BMD according 

to gender. The average lumbar spine in the normal group was 

0.17±0.65 and −1.73± 0.46 in the abnormal group. The 

average femoral neck in the normal group was 0.786±0.97 

and −1.35±0.00 in the abnormal group. A group of male and 

female in accordance with the normal and abnormal 

showed a difference in both groups, was statistically signi-

ficant (p＜0.01) (Table 3).

4. Correlation analysis of body composition, CBC and BMD

The correlation between Lumbar spine, body composition, 
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Table 5. Multiple regression analysis of RBC and Hb according to BMD

BMD (Femoral neck)

 SE t D∼W R/R2/F

RBC (106/L) −1.765 1.172 −0.579 1.912 0.719/0.517/11.229**
Hb (g/dL) 1.118 0.354 1.213**

**p＜0.01.
Abbreviations are the same as those in Table 2, 3.

Table 4. Correlation of body composition and CBC results

Variable Height (cm) Weight (kg) BMI (kg/m2) SMM (kg) BMR (kcal) RBC (106/L) Hb (g/dL) HCT (%)

Lumbar spine 0.330 0.152 0.029 0.357 0.361 0.110 0.289 0.256
Femoral neck 0.429* 0.491* 0.403 0.608** 0.603** 0.536** 0.682** 0.653**

*p＜0.05, **p＜0.01.
Abbreviation: See Table 1, 2, 3.

Fig. 1. A scatter plot of the dependent variable (femoral neck) of 
the RBC and Hb.

CBC and BMD were no statistically. According to a correlation 

analysis of Femoral neck and body composition of the 

subjects, weight and height showed a positive correlation 

(p＜0.05). There was no correlation between the BMI 

statistically, while SMM, BMR were a statistically significant 

positive relationship (p＜0.01). RBC showed a positive 

correlation, Hb showed a positive correlation, HCT showed a 

positive correlation (p＜0.01)(Table 4). 

5. Multiple regression analysis of RBC and Hb according 

to BMD 

RBC and femoral neck was statistically correlated but 

showed t value of −0.579 with no influence at all. Hb values 

showed a positive correlation to Femoral neck with a t value 

of 1.213 (p＜0.01), which is affected under a statistically 

significant level. Multiple regression analysis showed that 

R-squared value was 0.517. Hb showed a 51.7% statistical 

influence on bone mineral density (Table 5) (Fig. 1). 

Discussion

The purpose of this study is the analysis of hemoglobin 

influence on BMD. The subjects were studied 52 people aged 

20 to 30 health university students. The experiment was 

conducted at the any Health University which is located in 

Suwon, Gyeonggi-do. Gender differences in demographic 

characteristics of age, there was no difference. Height and 

weight were higher in male than female were statistically 

significant (p＜0.01). Male also showed statistically higher 

results than female in BMI (p＜0.05). In general, RBC, Hb and 

HCT in the CBC test for men are higher than women [12]. Also 

it showed the same results in this study (p＜0.01). Differences 

in BMD (Lumbar spine, Femoral neck) according to gender in 

this study was not statistically significant, according to the 

group classification of BMD (Lumbar spine, Femoral neck) 

were in different groups. Therefore, in this study, the 

demographic classification by gender, CBC and BMD 

analyzed for expression on it. While osteoporosis has been 

traditionally considered as a disease of aging women, it is 

becoming an increasingly important male health problem 
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[13]. Diagnosis of osteoporosis is calculated with a quantitative 

assessment of bone density, which is called BMD [14]. The 

best imaging modalities to assess bone density are the dual 

energy examination methods x-ray absorptiometry (DEXA) 

and quantitative computerized tomography (CT). CT is more 

sensitive but with the added risk of more radiation exposure, 

several experts prefer DEXA examination due to the less 

radiation exposure [15]. In addition to DEXA, osteoporosis 

examination can be done with BMI [16]. Overweight and 

obesity have been considered protective to bone health, 

while higher BMI levels to be associated with higher BMD 

score [17-20]. In this study, the height and weight were 

positively correlated with BMD and the same result. Thus, 

relationship between BMD and BMI is still not clearly defined, 

some authors found out a positive relationship, while others 

showed that BMI is a risk factor for osteoporosis [21]. As a 

result, the height and weight showed a positive correlation of 

BMD in this study. Although there are no standard diagnosis 

criteria, diagnosis is based on low muscle mass, low muscle 

strength. Sarcopenia and low SMM increase the risk of 

physical limitation and subsequent disability; therefore, 

recent articles report that this condition increases the risk of 

comorbid conditions [22-23]. In this study, BMD and SMM 

showed a high correlation. 

Many studies have been undertaken to reveal the exact 

mechanisms of bone loss. Laboratory blood and urine tests are 

mainly used with low BMD or fragility fractures in order to 

identify possible causes of the disorder of bone metabolism. 

They help to differentiate osteoporosis from other osteopenic 

conditions such as osteomalacia and identify secondary 

causes of osteoporosis. In previous studies red blood cells 

exhibited a higher result from normal subjects as compared 

with osteopenia [24]. On the other hand the value of the 

hemoglobin, but is statistically not different, hematocrit was 

a statistically significant result [25]. Various factors, including 

hormones, nutritional intake of calcium and protein, physical 

activities, medication use, and smoking, are known to 

influence the formation and maintenance of bone [26]. A 

recent study has suggested that among lumbar BMD-related 

factors, age, weight, pulse rate, and glycated hemoglobin 

(HbA1c) level can predict lumbar BMD in premenopausal 

females, with weight being the most influential predictive 

factor [27]. Healthy women loose about 70 mL of blood every 

month, which adds up to some 850 mL per year and 

approximately 30 L over the 35 years of their reproductive 

life. Blood loss intensifies hematopoiesis by increasing the 

level of hematopoietic growth factors while, at the same time, 

stimulating proliferation of osteogenic progenitor cells [28]. 

EPO is the main hormone that regulates the production of red 

blood cells (hematopoiesis), by stimulating their progenitors 

[29]. Blood loss creates developmental pressure on the 

hematopoietic system, augments production of hematopoietic 

growth factors with subsequent intensified proliferation of 

hematopoietic progenitor cells, and increases the number of 

hematopoietic cells including osteoclasts, thus intensifying 

resorption of bone tissue and extension of hematopoietic 

territories [28]. The level of synthesis of EPO in the kidneys (or 

liver) is primarily governed by the needs of the given cells for 

oxygen. Anemia is diagnosed by measuring Hb levels and HCT 

and by comparison with a given reference values. In healthy 

people relationship between the mass of red blood cells and 

hemoglobin saturation with oxygen is linear. In chronically 

anemic people there is an inverse linear relationship between 

serum EPO and hemoglobin [30]. EPO can enhance bone 

formation by increasing the expression of vascular endothelial 

growth factor and bone morphogenetic protein. In addition, 

EPO regulates bone formation through mammalian target of 

rapamycin (mTOR) signaling [31]. The actual anemia of the 

illness is caused by hemolysis, the destruction of the red cells, 

because of their shape. Although the bone marrow attempts 

to compensate by creating new red cells, it does not match 

the rate of destruction. Healthy red blood cells typically 

function for 90∼120 days. Important evidence supporting 

the substantial role of hematopoietic insufficiency in the 

development of osteoporosis comes from the field of clinical 

hematology. Compared with normal subjects from the 

general population, the patients with sickle cell anemia 

exhibited lower bone mineral density values in all scan 

regions (approximately 6% to 21% lower than expected). 

These differences in the lumbar spine were significant for 

both girls and boys [32]. But in this study, BMD in the lumbar 

spine did not produce significant results. Such reasons 
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leading study subject is considered because of growing boys 

and girls. In the preceding paper published in 2007, a 

significant relationship was demonstrated between low 

hemoglobin levels and lower BMD [33]. These result showed 

the same results in this study which showed that hemoglobin 

is statistically affects BMD (p＜0.01). EPO not only directly 

promotes osteoblastic differentiation but also indirectly 

stimulates osteoblastic phenotypes through communication 

of osteoclast-osteoblast contact. These findings are useful for 

understanding BMD and Hb a significant relationship 

between lower Hb levels and lower BMD. Hb level was the 

strongest predictor of abnormal BMD. Further research is 

needed to address fracture risk and therapeutic interventions. 

In conclusion, this study has shown that low Hb value had 

significantly of subjects with low bone mass. This means that 

low Hb value has a rule as a risk factor in changes of bone 

turnover leading to decrease bone density.

요  약

본 연구는 대학생을 대상으로 혈색소와 골밀도를 평가하고, 혈

색소와 골밀도 정량 분석 결과를 보기 위하여 시작되었다. 본 연구

는 골밀도에 미치는 혈색소의 영향을 목적으로 하였다. 연구대상자

는 20∼30세의 건강한 대학생 52명을 직접 실험을 진행하였다. 골

다공증은 전통적 노화 여성의 질병으로 간주되었지만, 점차 남성의 

건강 문제로 되고 있다. 골다공증의 진단은 골밀도의 정량적 평가

로 계산된다. 검사실에서 실시하는 혈액과 소변 검사는 주로 뼈의 

신진 대사의 장애의 원인을 파악하기 위해 낮은 BMD 또는 취약성 

골절에 사용된다. 본 연구는 성별에 따른 골밀도의 차이는 없었다. 

평균 적혈구수, 혈색소 및 적혈구 용적은 남성에게서 상당히 높은 

값을 나타내었다(p＜0.01). 요추 척추, 골격근양, 기초대사량 사이

의 상관 관계는 통계적으로 유의 한 수준에서 정의 관계로 나타났

다(p＜0.01). 다중회귀분석결과 혈색소는 골밀도에 51.7% 통계적 

영향을 나타냈다. 이러한 연구 결과는 골밀도와 혈색소에서 유의한 

관계를 이해하는데 유용하며, 혈색소 수준은 골밀도 수준을 예측하

는데 강력한 인자이다. 결론적으로, 본 연구에서 낮은 Hb 값이 낮은 

뼈 질량을 가진 피험자에서 유의한 결과를 보여, 낮은 Hb 값이 골밀

도를 감소시키는 뼈 회전율 변화의 위험 요소로서의 규칙을 가짐을 

의미한다고 사료된다.
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