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Background and Objectives: Malnutrition is associated with a higher risk of osteoporosis. We aim to assess the 
relationship between serum albumin with geriatric nutritional risk index and osteopenia in Chinese elderly men. 
Methods and Study Design: This is a nested case-control study from a prospective cohort enrolled 1109 indi-
viduals who were followed for seven years. Demographic data, medical history, signs and symptoms, and labora-
tory parameters were collected and analysed. Nutritional status and Geriatric Nutritional Risk Index (GNRI) were 
assessed. The nutrition-related indexes predictive value for osteopenia development was analyzed through multi-
variate Cox regression analysis and by creating a receiver operating characteristic curve (ROC), calculating the 
area under the curve (AUC). Kaplan–Meier (K–M) method was further used to find the nutritional status level in 
the elderly men. Results: The ALB and GNRI correlated with the risk of osteopenia in Chinese elderly men. Af-
ter adjusting for all covariates, people with higher ALB level (HR: 0.821; 95% CI: 0.790–0.852) and higher 
GNRI score (HR: 0.889; 95% CI: 0.869–0.908) had a smaller risk of osteopenia. ROC analysis showed that the 
AUC for ALB was 0.729 (p˂0.05) and for the GNRI score was 0.731 (p˂0.05). K-M curve indicated a significant 
difference in ALB level (p˂0.001) and GNRI score (p˂0.001) in the respective subgroups. Conclusions: This 
study found that lower ALB level and lower GNRI score are associated with a higher prevalence of osteopenia 
among elderly men in China. 
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INTRODUCTION 
With the rapid growth of aging population worldwide, 
osteoporosis (OP) has become a major public health prob-
lem which can cause bone fragility and an increased risk 
of fractures.1 Osteopenia (low bone mass，LBM), as the 
early stage of OP, has also attracted more and more atten-
tion because of its large number of patients. The National 
Osteoporosis Foundation (NOF) estimates that 10.2 mil-
lion Americans have OP and that an additional 43.4 mil-
lion have LBM.2 Meanwhile, in China, the overall preva-
lence rate of OP in people over 50 years old is 19.2%, and 
the prevalence rate in men is 6.0%; the overall prevalence 
rate in people with LBM who need prevention and treat- 

 
 
ment is 46.4%, and in men, it is as high as 46.9%.3 Alt-
hough the risk of fracture is greater among patients with  
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OP than among those with LBM, the much larger number 
of persons with LBM means that this group represents a 
substantial portion of the population at risk for fracture.4 
The consequences of fragility fracture may be more seri-
ous in men than in women. Studies have shown that the 
incidence and mortality of fragility fracture are higher in 
men (166.5‰ for men versus 77.3‰ for women).5,6 
Therefore, active prevention of LBM and OP can be ben-
eficial to reduce osteoporotic fracture, prolong life expec-
tancy and improve quality of life for the elderly.7 Re-
search on bone health in male remains to be improved. 
Traditionally, OP and LBM have been considered to be a 
female disease and have not received sufficient attention 
in men. Existing techniques for the diagnosis of OP and 
prediction models based on risk factors for predicting the 
risk of OP are mainly targeted at postmenopausal wom-
en.8,9 In summary, we believe that it is more innovative 
and clinically meaningful to study the risk factor of LBM 
in middle-aged and elderly men. 

As a multifactorial systemic disease, many other fac-
tors also contribute to LBM. Nutritional status have been 
associated with a reduction in bone mineral density 
(BMD).10, 11 Considerable evidence has proven that mal-
nutrition is an independent risk factor for elderly patients 
with OP; studies have reported that low body weight, 
hypoalbuminemia and low serum hemoglobin (Hb) levels 
can lead to an increased incidence of osteoporotic frac-
tures.12-14 Meanwhile, it has been reported that geriatric 
nutritional risk index (GNRI) was an independent risk 
factor for OP in the elderly and was negatively and non-
linearly associated with the risk of OP in the elderly pop-
ulation.15, 16 The GNRI is a clinical tool used to assess the 
risk of malnutrition and complications associated with 
nutritional status in older patients and is a crucial predic-
tor of many diseases.17 And the GNRI was calculated 
based on ideal body weight and serum albumin (ALB) 
levels.17 

It is well known that elderly people are prone to malnu-
trition because of their specific metabolic characteristics 
and disease. However, to date, few studies have investi-

gated the association between the nutritional status and 
LBM in elderly men. Moreover, no study has ever com-
pared the predictive effect of different nutrition-related 
indexes on OP. Therefore, nutritional status should be 
taken into account in the management of elderly patients 
in order to reduce the incidence of OP and fragility frac-
tures. The aim of our study was to investigate the rela-
tionship between ALB with GNRI and the risk of LBM in 
elderly non-malnutrition men. 
 
METHODS 
Study participants 
Individuals of this cohort were enrolled during the period 
between March 2015 and September 2015, from the Sec-
ond Medical Centre of Chinese PLA General Hospital. 
All enrolled individuals had comprehensive physical ex-
amination results and had a definite outcome of either 
LBM or not at recruitment. This study was approved by 
the Ethics Committee of Chinese PLA General Hospital 
(ID: S2021-094-01). The inclusion criteria were as fol-
lows: (i) individuals with normal BMD that were meas-
ured by dual-energy X-ray absorptiometry (DXA); (ii) 
age ≥ 45 years old; (iii) Chinese male individuals. Mean-
while, the exclusion criteria were as follows: (i) patients 
with history of LBM, OP, fragility fracture and anti-
osteoporosis drugs use; (ii) patients combined with sec-
ondary OP. Finally, 1185 individuals without LBM or OP 
at the baseline were included for a 7-year non-
interventional follow-up. For all participants, BMD is 
measured at annual follow-up visit by DXA at their rou-
tine physical examination. The follow-up period was 
from March 2015 to September 2022. Ultimately, 1109 
individuals completed the second survey and were in-
cluded in the study. The follow-up response rate was 
93.6%, and the detailed research flow chart is shown in 
Figure 1. 

 
Sample size calculation  
To compute the sample size for comparison of two pro-
portions, the following formula was used: 

 

 
 
Figure 1. Flow diagram of study design. LBM, low bone mass; OP, osteoporosis. 
 



                                Serum albumin with GNRI and osteopenia in men                                                  571                                                             

 

n = {[Z1 - α/2 √[2π (1 - π)] + Z1 - β √[π1 (1- π1) + π2 (1 – 
π2)]]}2 / (π1 - π2)2 

With power of 80%, confidence level of 95%, and pro-
portion of occurrence of event in case of π1 = 0.47 and in 
control under study of π2= 0.2 (both provided based on 
previous study), and π = (π1＋π2)/1 + k, i.e., π =0.336 (for 
k = 4), the minimum sample size was found to be n = 
218. Therefore, the sample size of our cohort is sufficient. 

 
Clinical data 
The standardized self-administered questionnaires per-
taining to personal history (histories of smoking, drink-
ing, coffee, carbonated beverage and tea consumption), 
dietary habits (such as staple food, egg, red meat, white 
meat, dairy products, soy products) and exercise habits 
(exercise frequency, exercise duration, exercise intensity) 
were conducted by trained residents. We inquired about 
smoking, drinking, coffee, carbonated beverage and tea 
consumption as ‘never’ and ‘past or current’. The height, 
weight, waist circumference (WC) and blood pressure 
(BP) were measured by uniformly trained investigators. 
The subjects wore thin shirts and stood upright on the 
bottom plate of a stadiometer to measure their height and 
weight. WC was measured at the thinnest part of the waist 
(the horizontal circumference of the waist through the 
umbilical point). Body mass index (BMI) was then calcu-
lated by weight (kg)/height (m2). The BP was measured 
after the subjects rested for 10 min. An electronic sphyg-
momanometer (Omron) was used to measure BP three 
times, and the average value was taken as the data analy-
sis. Blood samples with fasting for more than 8h were 
extracted to detect for blood routine (such as white blood 
cell count, red blood cell count, platelet count, Hb), elec-
trolyte (such as serum calcium, serum phosphorus, serum 
magnesium), fasting blood glucose (FBG), hemoglobin 
A1c (HbA1c), liver function (ALB, alanine aminotrans-
ferase (ALT), aspartate aminotransferase (AST), gamma-
glutamyltransferase (GGT),  renal function (serum creati-
nine (Cr), blood urea nitrogen (BUN)), blood fat (triglyc-
eride (TG), total cholesterol (TC), high density lipopro-
tein cholesterol (HDL), low density lipoprotein cholester-
ol (LDL)), coagulation function (such as prothrombin 
time (PT), activate part plasma prothrombin time (APTT), 
prothrombin time (TT), fibrinogen (FIB), thyroid function 
(thyroid stimulating hormone (TSH), total triiodothyro-
nine (TT3), total thyroxine (TT4), free triiodothyronine 
(FT3), free thyroxine (FT4)), gonadal hormone (luteiniz-
ing hormone (LH), follicle-stimulating hormone (FSH), 
testosterone (T), estradiol (E2), progesterone (P)) and 
bone turnover marker (osteocalcin (OST), type I procol-
lagen amino-terminal peptide (P1NP), β isomer of C-
terminal telopeptide of type I collagen (β-CTX), parathy-
roid hormone (PTH) and 25-hydroxy-vitamin D 
(25(OH)D), alkaline phosphatase (ALP)). The same day, 
blood samples with breakfast after 2h were extracted to 
detect for postprandial blood glucose (PBG). Any medi-
cal or fracture histories (such as hypertension, 
dyslipidemia, diabetes, coronary heart disease (CHD), 
cerebrovascular disease (CVD), chronic kidney disease 
(CKD), fatty liver disease (FLD)) and medication records 
(such as antihypertensive drugs, oral hypoglycemic drugs, 
insulin, statins, acid inhibitors, sleeping pills) were col-

lected in detail from electronic medical records of these 
individuals. In order to minimize sampling bias, data 
were obtained by communicating effectively with medi-
cal workers and double checking with them.  

 
Assessment of nutritional status and LBM 
An individual’s nutritional status is defined as “the condi-
tion of the body, resulting from the balance of intake, 
absorption, and utilization of nutrients and the influence 
of particular physiological and pathological status”.18, 19 

Based on scientific understanding and previous clinical 
findings, the nutritional status include BMI, weight, lym-
phocyte (L), Hb, TP, ALB, TC, nutritional assessment 
tool such as the GNRI score, and so on.17, 20, 21 

The GNRI is calculated using baseline body weight 
and ALB level as follows: 1.489 × ALB (g/L) + 41.7 × 
actual weight (kg)/ideal weight. Ideal weight was calcu-
lated using the Lorenz formula: height (cm) − 100 − 
([height (cm) − 150]/4) for men. The actual weight/ideal 
weight ratio was regarded as 1, when the actual weight 
exceeded the ideal body weight. Individuals were classi-
fied into two nutrition risk groups based on the GNRI: no 
malnutrition (GNRI ≥ 100) and malnutrition (GNRI < 
100).17 

BMD scores were obtained from completed DXA 
scans to measure the left femoral neck by chart abstrac-
tion for each individual. At our hospital, we use a GE 
Lunar DXA. DXA can be used to assess BMD of the 
whole skeleton as well as specific sites. Areal BMD 
(g/cm2) is measured since the scan is two dimensional. 
BMD is also described as a T-score which is unit of 
standard deviation (SD). The T-score describes the num-
ber of SDs by which the BMD in an individual differs 
from the mean value expected in young healthy individu-
als.22 According to a working group of the World Health 
Organization (WHO), the definition of normal is T-score 
≥–1, the definition of LBM is –2.5 < T-score <–1, and the 
definition for OP is T-score ≤ –2.5.23  

 
Statistical analysis 
Our statistical analyses were conducted with SPSS (ver-
sion 26.0) and R (version 4.3.0) software. We apply mul-
tiple interpolation to deal with missing data. Continuous 
variables are described as mean ±SD or median (inter-
quartile range (IQRs)). We used the Student’s t-tests 
(normally distributed) or Mann Whitney test (non-
normally distributed) for continuous variables between 
two groups. To explore the risk factors associate with 
LBM, univariable and multivariable Cox proportional 
hazards regression model was performed; and verify that 
all variables are consistent with the Proportional Hazards 
assumption. Model 1 was adjusted for no covariates. 
Model 2 was adjusted for age and BMI. Model 3 was 
adjusted for all the covariates. Moreover, we performed 
subgroup analyses using weighted stratified line regres-
sion models based on age and BMI. Receiver operating 
characteristic curves (ROC) were applied to assess the 
predictive properties of ALB or GNRI for LBM, to calcu-
late the area under the receiver operating characteristic 
curve (AUC) and to calculate the optimal cut-off points of 
each variable. We divided the ALB or GNRI group into 
different subgroups according to the optimal cut-off 
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point. Kaplan–Meier (K–M) method was further used to 
find the nutritional status level in the elderly men. p val-
ues less than 0.05 were considered statistically significant 
in each statistical analysis. 
 
RESULTS 
Baseline characteristics of participants 
First, 2,124 male participants were selected from the reg-
ular physical examinations in the Second Medical Centre 
of Chinese PLA General Hospital from March 2015 to 
September 2015. In our study, participants with history of 
LBM, OP, fragility fracture, anti-osteoporosis drugs use 
(n=822) and secondary OP (n=117) were excluded. Fur-
thermore, after 7 years of follow-up, the loss rate of this 
cohort was 6.4% (n=76). A total of 1,109 participants 
were included in the final analysis (Figure 1). 

The baseline characteristics of selected participants 
were compared between the LBM and non-LBM groups 
(Table 1). According to the diagnosis criteria for LBM, 
the incidence of LBM was 40.67% (451/1,109) and the 
incidence density of LBM was 79.0/1000 person-years in 
this study. Compared with patients with LBM, partici-
pants without LBM were more likely to have higher Hb 
level (152(144,159) vs. 148(141,155), p<0.001), higher 
ALB lever (46.2±2.5 vs. 45.2±2.4, p<0.001) and higher 
values of GNRI (112(109,115) vs. 109(106,111), p 
<0.001). And almost all individuals in our study had no 
significant anemia or hypoalbuminemia. Moreover, par-
ticipants in the LBM group had lower BMI, lower PINP, 
lower BMD at left femoral neck (LNBMD), lower 
PROG, higher PBG and higher TT3 (p< 0.05, Table 1). 

 
Associations of the nutritional status with LBM 
A multivariate Cox regression model was used to evalu-
ate the relationship between the nutrition-related indexes 
and the 7-year LBM risk. The Hb level, ALB level and 
GNRI score showed a negative association with the risk 
of LBM in Model 1. After adjusting for confounding fac-
tors in Model 2 (age and BMI) and Model 3 (BMI, N, Cr, 
LDH, PBG, TT3, PINP, PROG, LNBMD, smoking, tea 
consumption, vitamin D supplement, exercise and FLD), 
the relationship between exposed variables and outcomes 
was still stable. When adjusting for all covariates, each 
unit of increased Hb level was associated with a de-
creased risk of LBM of 1.1%, each unit of increased ALB 
level was associated with a decreased risk of LBM of 
17.9% and each unit of increased GNRI score was associ-
ated with a decreased risk of LBM of 11.1% (Table 2). 

The association between Hb level, ALB level and 
GNRI score and risk of LBM is presented in Table 3.  
Higher Hb level was associated with a significantly lower 
risk of LBM when adjusting for age and BMI (HR: 0.446; 
95% CI: 0.338-0.589; p-trend: ＜0.001) and after further 
adjustment for N, Cr, LDH, PBG, TT3, PINP, PROG, 
LNBMD, smoking, tea consumption, vitamin D supple-
ment, exercise and FLD (HR: 0.503; 95% CI: 0.380-
0.666; p-trend: ＜0.001) in the highest quartile of Hb lev-
el compared with the lowest. We observed a significant 
inverse association between ALB level, GNRI score and 
the risk of LBM. This association was significant in 
Model 1 and Model 2 (age and BMI), and after further 
adjustment for other factors, although the effect was 

slightly attenuated after further adjustment. The other 
factors–adjusted HRs of LBM for the highest quartile of 
level compared with the lowest were 0.212 (95% CI: 
0.149-0.301; p-trend: ＜0.001) for ALB level and 0.229 
(95% CI: 0.162-0.323; p-trend: ＜0.001) for GNRI score. 

Furthermore, subgroup analysis by age or BMI, showed 
partial consistent results across categorized subgroups of 
the population, with low levels of ALB or GNRI consist-
ently associated with an increased risk of LBM preva-
lence in the elderly men, all at p < 0.05. However, the Hb 
level didn’t present a statistically significant negative 
association with the risk of LBM when the participants 
were older than 70 years (HR: 0.994; 95% CI: 0.981–
1.007) or their BMI was less than 24 (HR: 0.999; 95% CI: 
0.985–1.013) (Figure 2). 

 
Predictive properties of the nutritional status for LBM 
ROC curve analysis was performed with ALB or GNRI 
as the test variable and the presence of LBM as the status 
variable (Figure 3). The analysis yielded an AUC for 
ALB of 0.729, 95%CI of (0.699, 0.758), with an optimal 
ALB threshold of 46.2 for predicting LBM, and a sensi-
tivity of 66.5% and specificity of 67.3%; while an AUC 
for GNRI of 0.731, 95%CI of (0.701, 0.760), with an op-
timal GNRI threshold of 110 for predicting LBM, and a 
sensitivity of 69.8% and specificity of 65.2%. 

The comparisons of the cumulative probabilities of 
non-LBM for each group are shown in Figure 4. Follow-
up data were obtained in all 1109 individuals. The mean 
follow-up time was 72 months with a follow-up time 
range of 7–87 months in our cohort. All individuals were 
non-LBM at follow-up. K–M curve indicated a signifi-
cant difference in ALB level (Figure 3A, p＜0.001) and 
GNRI score (Figure 3B, p＜0.001) in the respective sub-
groups. The number of individuals are described in the 
risk table. An example prediction of LBM is as follows: a 
male individual when ALB is higher than 46.2g/L or 
GNRI score is higher than 110, the risk of LBM is signif-
icantly reduced. 
 
DISCUSSION 
Based on our prospective cohort, this study found that 
both ALB level and and the GNRI score were negatively 
correlated to the risk of LBM in this population. In addi-
tion, we demonstrated that the above associations were 
stable and not affected by age or BMI subgroups. To the 
best of our knowledge, this study is the first to explore the 
associations of the nutritional status, represented by ALB 
level and the GNRI score, with the risk of LBM in Chi-
nese elderly men. 

The relationship of BMD, fracture, and Hb levels is 
complex. Previously, several studies have concluded that 
Hb concentration is positively related with BMD.24, 25 A 
possible mechanism underlying the link between Hb and 
OP may be hypoxemia, which has been reported to medi-
ate the risk of OP.26, 27 An experimental study showed that 
hypoxia resulted in a three-fold increase in osteoclast 
formation and a 10-fold stimulation of resorption pit for-
mation.28 Another possible explanation for the findings 
could be that erythropoietin (EPO) involves in the physi-
ology of skeletal remodeling.29 Conversely, a longitudinal 
study in older adults did not support the hypothesis that  



                                Serum albumin with GNRI and osteopenia in men                                                  573                                                             

 

Table 1. Comparison of characteristic variables between LBM group and non-LBM group 
 

 Total (n=1109) LBM (n=451) non-LBM (n=658) p value 
Age (years) 65 (59,75) 66 (60,74) 65 (59,75) 0.291 
BMI (kg/m2) 25.0 (23.4,27.1) 24.4 (22.9,26.1) 25.2 (23.5,27.0) ˂ 0.001 
Waistline (cm) 92.0 (87.8,98.0) 92.0 (87.0,97.0) 92.0 (88.0,98.0) 0.283 
SBP (mmHg) 125 (120,134) 125 (120,134) 126 (119,135) 0.800 
DBP (mmHg) 75 (70,80) 75.00 (70,80) 75 (70,80) 0.410 
WBC (10e12/L) 5.77 (4.82,6.68) 5.77 (4.89,6.63) 5.78 (4.81,6.72) 0.954 
N (%) 0.578±0.079 0.583±0.079 0.575±0.079 0.095 
L (%) 0.322±0.076 0.318±0.076 0.325±0.075 0.569 
Hb (g/L) 150 (143,157) 148 (141,155) 152 (144,159) ˂ 0.001 
TP (g/L) 71.0 (69.0,74.0) 71.0 (69.0,74.0) 71.0 (69.0,74.0) 0.196 
ALB (g/L) 46.4±2.7 45.2±2.4 46.2±2.5 ˂ 0.001 
GNRI 110 (108,113) 109 (106,111) 112 (109,115) ˂ 0.001 
BUN (mmol/L) 5.60 (4.80,6.60) 5.50 (4.70,6.50) 5.60 (4.80,6.70) 0.210 
Cr (μmol/L) 85.0 (77.0,94.0) 84.0 (76.0,92.0) 86.0 (78.0,95.0) 0.004 
TC (mmol/L) 4.26 (3.69,4.81) 4.30 (3.70,4.87) 4.22 (3.68,4.76) 0.399 
TG (mmol/L) 1.20 (0.93,1.69) 1.20 (0.92,1.59) 1.21 (0.93,1.72) 0.404 
HDL (mmol/L) 1.25 (1.07,1.46) 1.27 (1.09,1.48) 1.23 (1.06,1.45) 0.064 
LDL (mmol/L) 2.70 (2.17,3.26) 2.73 (2.15,3.30) 2.69 (2.19,3.21) 0.702 
LDH (U/L) 171 (154,189) 169 (152,187) 172 (156,191) 0.042 
CK (U/L) 109 (83,149) 105 (81,145) 110 (84,152) 0.060 
CK_MB (U/L) 12.3 (10.6,14.6) 12.3 (10.4,14.5) 12.3 (10.7,14.6) 0.585 
GGT (U/L) 22.0 (17.0,30.5) 21.0 (16.0,30.0) 23.0 (17.0,31.0) 0.095 
ALP (U/L) 60.0 (51.0,70.0) 60.0 (51.0,70.0) 60.0 (51.0,70.3) 0.997 
AMY (U/L) 67.0 (55.0,84.0) 67.0 (55.0,85.0) 67.0 (54.0,83.0) 0.661 
HbA1c (%) 5.70 (5.40,6.00) 5.70 (5.50,6.10) 5.70 (5.40,6.00) 0.300 
FBG (mmol/L) 5.56 (5.22,6.07) 5.58 (5.21,6.11) 5.55 (5.22,6.04) 0.840 
PBG (mmol/L) 8.25 (6.96,10.01) 8.88 (7.61,10.95) 7.77 (6.55,9.45) ˂ 0.001 
TT4 (nmol/L) 99.0±15.9 99.7±16.0 98.5±15.9 0.233 
TT3 (nmol/L) 1.58 (1.43,1.74) 1.60 (1.44,1.76) 1.57 (1.42,1.72) 0.033 
FT3 (pmol/L) 4.71 (4.40,5.04) 4.71 (4.41,5.05) 4.73 (4.38,5.03) 0.699 
FT4 (pmol/L) 16.0 (14.7,17.4) 15.9 (14.6,17.2) 16.0 (14.7,17.4) 0.302 
TSH (μIU/mL) 2.06 (1.47,2.86) 2.11 (1.50,2.81) 2.04 (1.46,2.92) 0.939 
OCN (ng/mL) 15.0 (11.7,18.6) 14.8 (11.4,18.6) 15.3 (11.9,18.7) 0.248 
PTH (pg/mL) 37.9 (30.2,48.8) 37.7 (29.6,49.2) 38.2 (30.6,48.6) 0.409 
PINP (ng/mL) 32.87 (24.0,42.8) 31.80 (23.5,41.3) 33.61 (24.6,43.9) 0.037 
β-CTX (ng/mL) 0.28 (0.18,0.39) 0.28 (0.18,0.38) 0.29 (0.18,0.40) 0.292 
25(OH)D (ng/mL) 21.6 (15.7,27.7) 22.0 (16.6,27.4) 21.4 (15.4,27.8) 0.380 
TS (ng/mL) 4.51 (3.40,5.78) 4.55 (3.35,5.88) 4.51 (3.42,5.71) 0.836 
E2 (pmol/L) 86.9 (60.3,114.7) 85.3 (59.5,112.4) 87.8 (60.8,116.7) 0.369 
LH (mIU/ mL) 7.1 (4.6,10.8) 6.9 (4.4,10.2) 7.3 (4.8,11.1) 0.107 
FSH (mIU/ mL) 11.7 (6.6,19.3) 11.2 (6.6,18.3) 12.0 (6.6,20.6) 0.417 
PRL (μg/L) 16.1 (9.3,23.0) 15.2 (9.2,22.1) 16.5 (9.5,24.1) 0.220 
PROG (nmol/L) 1.20 (0.64,1.92) 1.12 (0.61,1.81) 1.25 (0.65,1.98) 0.039 
LNBMD (g/cm2) 0.97 (0.90,1.04) 0.92 (0.87,1.00) 1.00 (0.93,1.07) ˂ 0.001 
Smoking     
 No 627 (56.5%) 186 (41.2%) 441 (67.0%) ˂ 0.001 
 Yes 482 (43.5%) 265 (58.8%) 217 (33.0%)   
Tea consumption     
 No 350 (31.6%) 84 (18.6%) 266 (40.4%) ˂ 0.001 
 Yes 759 (68.4%) 367 (81.4%) 392 (59.6%)   
Milk     
 No 362 (32.6%) 136 (30.2%) 226 (34.3%) 0.144 
 Yes 747 (67.4%) 315 (69.8%) 432 (65.7%)   
Assisted walking     
 No 1067 (96.2%) 427 (94.7%) 640 (97.3%) 0.027 
 Yes 42 (3.8%) 24 (5.3%) 18 (2.7%)   

 
25(OH)D, 25-hydroxy vitamin D; ALB, albumin; ALP, alkaline phosphatase; AMY, amylase; β-CTX, β isomer of C-terminal telopeptide 
of type I collagen; BMI, body mass index; BUN, blood urea nitrogen; CK, creatine kinase; CK_MB, creatine kinase isoenzyme MB; CKD, 
chronic kidney disease; Cr, serum creatinine; DBP, diastolic blood pressure; E2,estradiol; FPG, fasting plasma glucose; FLD, fatty liver 
disease; FSH, follicle-stimulating hormone; FT3, free triiodothyronine; FT4, free thyroxine; GGT, gamma-glutamyl transpeptidase; GNRI, 
Geriatric Nutritional Risk Index; Hb, hemoglobin; HbA1c, hemoglobin A1c; HDL, high-density lipoprotein cholesterol; L, lymphocyte; 
LBM, low bone mass; LDH, lactate dehydrogenase; LDL, low-density lipoprotein cholesterol; LH, luteinizing hormone; LHBMD, bone 
mineral density of left total hip; LNBMD, bone mineral density of left femoral neck; N, neutrophil; OCN, osteocalcin; PBG, postprandial 
blood glucose; PINP, serum carboxy-terminal propeptide of type I collagen; PRL, prolactin; PROG, progesterone; PTH, parathyroid hor-
mone; SBP, systolic blood pressure; TC, total cholesterol; TG, triglyceride; TS, testosterone; TSH, thyroid stimulating hormone; TT3,total 
triiodothyronine; TT4,total thyroxine; WBC, white blood cells. 
p < 0.05 (two-sided) was considered statistically significant.  
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Hb levels are associated with BMD.30 It is possible that 
age and ethnic differences in the study population, or the 
limited sample size, may have influenced the results. In 
this study, after adjusting the confounding factors, the 
relationship between the Hb level and LBM in male 
population presented a statistically significant negative 
association. However, the above association was not sta-
ble and affected by age and BMI subgroups. The possible 
reason is that our individuals were elderly men without 
anemia. It is well-know that low level of Hb is an im-
portant index of iron deficiency anemia when Hb was 
lower than 120g/L.31 Anemia has been associated with 
low physical activity and disability,32 as well as frailty,33, 

34 which could make it a marker of poor overall health. 
Therefore, most studies that found a positive association 
between Hb and BMD were analysed in anemic popula-
tion. Our results suggest that Hb level cannot be used to 
predict LBM in individuals without anemia in clinical. 

ALB is the most abundant plasmatic protein. It is only 
produced by the liver and the full extent of its metabolic 
functions is not known in detail. One of the main roles 
assigned to ALB is as an indicator of malnutrition.35 As a 
reflection of nutritional status with regards to protein, 
ALB can be associated with BMD. Another important 
finding in the present study is that higher ALB protected 
our participants from the risk of LBM. In addition, we 

Table 1. Comparison of characteristic variables between LBM group and non-LBM group (cont.) 
 
 Total (n=1109) LBM (n=451) non-LBM (n=658) p value 
Calcium supplement     
 No 712 (64.2%) 294 (65.2%) 418 (63.5%) 0.570 
 Yes 397 (35.8%) 157 (34.8%) 240 (36.5%)   
Vitamin D supplement     
 No 696 (62.8%) 300 (66.5%) 396 (60.2%) 0.032 
 Yes 413 (37.2%) 151 (33.5%) 262 (39.8%)   
Exercise     
 No 300 (27.1%) 96 (21.3%) 204 (31.0%) ˂ 0.001 
 Yes 809 (72.9%) 355 (78.7%) 454 (69.0%)   
Diabetes     
 No 786 (70.9%) 316 (70.1%) 470 (71.4%) 0.624 
 Yes 323 (29.1%) 135 (29.9%) 188 (28.6%)   
Hypertension     
 No 475 (42.8%) 188 (41.7%) 287 (43.6%) 0.523 
 Yes 634 (57.2%) 263 (58.3%) 371 (56.4%)   
Dyslipidemia     
 No 326 (29.4%) 127 (28.2%) 199 (30.2%) 0.454 
 Yes 783 (70.6%) 324 (71.8%) 459 (69.8%)   
CKD     
 No 1074 (96.8%) 437 (96.9%) 637 (96.8%) 0.935 
 Yes 35 (3.2%) 14 (3.1%) 21 (3.2%)   
FLD     
 No 799 (72.0%) 288 (63.9%) 511 (77.7%) ˂ 0.001 
 Yes 310 (28.0%) 163 (36.1%) 147 (22.3%)   
 
25(OH)D, 25-hydroxy vitamin D; ALB, albumin; ALP, alkaline phosphatase; AMY, amylase; β-CTX, β isomer of C-terminal telopeptide 
of type I collagen; BMI, body mass index; BUN, blood urea nitrogen; CK, creatine kinase; CK_MB, creatine kinase isoenzyme MB; CKD, 
chronic kidney disease; Cr, serum creatinine; DBP, diastolic blood pressure; E2,estradiol; FPG, fasting plasma glucose; FLD, fatty liver 
disease; FSH, follicle-stimulating hormone; FT3, free triiodothyronine; FT4, free thyroxine; GGT, gamma-glutamyl transpeptidase; GNRI, 
Geriatric Nutritional Risk Index; Hb, hemoglobin; HbA1c, hemoglobin A1c; HDL, high-density lipoprotein cholesterol; L, lymphocyte; 
LBM, low bone mass; LDH, lactate dehydrogenase; LDL, low-density lipoprotein cholesterol; LH, luteinizing hormone; LHBMD, bone 
mineral density of left total hip; LNBMD, bone mineral density of left femoral neck; N, neutrophil; OCN, osteocalcin; PBG, postprandial 
blood glucose; PINP, serum carboxy-terminal propeptide of type I collagen; PRL, prolactin; PROG, progesterone; PTH, parathyroid hor-
mone; SBP, systolic blood pressure; TC, total cholesterol; TG, triglyceride; TS, testosterone; TSH, thyroid stimulating hormone; TT3,total 
triiodothyronine; TT4,total thyroxine; WBC, white blood cells. 
p < 0.05 (two-sided) was considered statistically significant.  
 
 
Table 2. The characteristics of participants 
  

Model 1† Model 2‡ Model 3§  
HR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p-value 

Hb 0.977 (0.971,0.983) ˂0.001 0.979 (0.972,0.985) ˂0.001 0.989 (0.980,0.998) 0.012 
ALB 0.787 (0.759,0.815) ˂0.001 0.792 (0.764,0.822) ˂0.001 0.821 (0.790,0.852) ˂0.001 
GNRI 0.867 (0.850,0.884) ˂0.001 0.867 (0.850,0.884) ˂0.001 0.889 (0.869,0.908) ˂0.001 
 
 
ALB, albumin; BMI, body mass index; CI, confidence interval; Cr, serum creatinine; FLD, fatty liver disease; GNRI, Geriatric Nutritional 
Risk Index; Hb, hemoglobin; HR, Hazard ratio; LDH, lactate dehydrogenase; LNBMD, bone mineral density of left femoral neck; PBG, 
postprandial blood glucose; PINP, serum carboxy-terminal propeptide of type I collagen; PROG, progesterone; TT3, total triiodothyronine. 
†Model 1: no covariates were adjusted. 
‡Model 2: age and BMI were adjusted. 
§Model 3: age, BMI, N, Cr, LDH, PBG, TT3, PINP, PROG, LNBMD, smoking, tea consumption, vitamin D supplement, exercise and 
FLD were adjusted. 
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demonstrated that the above associations were stable and 
not affected by age and BMI subgroups. In line with our 
findings, some studies revealed that the ALB concentra-
tions were lower in the OP group than in the non-OP 
group.20, 36 Likewise, hypoalbuminemia was associated 
with a higher risk of OP and future fractures.37, 38 A possi-
ble explanation for this association is that low levels of 
ALB may directly activate osteoclasts and inhibit osteo-
genesis through its link with the nuclear factor-κB.39 It 
has been indicated consistently in the literature that ALB 
is an important serum marker of malnutrition.35 Mean-
while, hypoalbuminemia has a higher risk of OP in indi-
viduals with malnutrition. However, our study found that 
decreased ALB level also played a major role in LBM 
development for elderly men. Therefore, although indi-
viduals with malnutrition receive more attention in early 
OP detection, LBM in elderly men in good status of nutri-
tion should also be taken into account. Our findings high-
light the potential importance of ALB level in the LBM 
relationship in elderly non-malnutrition men, but more 
studies are necessary to further evaluate the nature of this 
association. In fact, the promotion of healthy habits, a 
balanced nutrient intake, and regular exercise is highly 
recommended in order to reduce the risk of OP.40, 41 Thus, 
particular attention should be given to such interventions 
in order to improve elderly non-malnutrition men’ health 
and healthy diet literacy.  

The GNRI has been used as a significant tool to access 
the nutritional status of the elderly. Compared with the 
individual variables of ALB or BMI, the GNRI combines 
ALB with body weight and height, which can be more 
comprehensive and effective for evaluating systemic nu-
tritional status. Remarkably, in this study, higher GNRI 
score was significantly associated with lower odds of 
LBM risk. This finding is congruent with a previous stud-
ies revealed that the GNRI value was positively correlat-
ed to the femur BMD and negatively correlated to the risk 
of OP. Besides, in a ROC analysis for predicting OP,42 
compared with ALB, BMI, and age, the GNRI had the 
largest area under the curve, indicating that the GNRI was 
a powerful indicator to improve the accuracy of diagno-
sis.43 There are several plausible mechanisms that might 
explain why the GNRI may be associated with BMD. 
First, several studies have shown that dietary protein sup-
plements can increase insulin-like growth factor 1 (IGF-
1) and decrease PTH and further reduce age-related BMD 
loss.44, 45 Second, the intestinal absorption of calcium can 
be upregulated by the high intake of protein.46 Third, op-
timal protein intake can help to resist loss of muscle and 
prevent sarcopenia in the elderly.47, 48 Previous studies 
have demonstrated that, although many potential con-
founding factors were adjusted, the risk of BMD loss was 
still higher in the sarcopenic population.49 As is known to 
all, muscles can influence bones through secreting bone  

Table 3. HRs of LBM by quartiles of Hb, ALB and GNRI 
  

Model 1† Model 2‡ Model 3§  
HR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p-value 

Hb          
 Q1 (89-143)         
 Q2 (144-150) 0.687 

(0.540,0.874) 
0.002 0.704 

(0.554,0.897) 
0.004 0.769 

(0.603,0.979) 
0.033 

 Q3 (151-157) 0.588 
(0.458,0.756) 

˂ 0.001 0.619 
(0.481,0.796) 

˂ 0.001 0.762 
(0.590,0.984) 

0.037 

 Q4 (158-181) 0.411 
(0.312,0.542) 

˂ 0.001 0.446 
(0.338,0.589) 

˂ 0.001 0.503 
(0.380,0.666) 

˂ 0.001 

 p for trend ˂0.001  ˂0.001  ˂0.001   
ALB          
 Q1 (37.1-44.7)        
 Q2 (44.8-46.4) 0.602 

(0.482,0.753) 
˂ 0.001 0.608 

(0.487,0.761) 
˂ 0.001 0.738 

(0.587,0.927) 
0.009 

 Q3 (46.5-48.3) 0.414 
(0.322,0.533) 

˂ 0.001 0.434 
(0.337,0.560) 

˂ 0.001 0.540 
(0.415,0.704) 

˂ 0.001 

 Q4 (48.4-53.9) 0.166 
(0.118,0.233) 

˂ 0.001 0.173 
(0.123,0.243) 

˂ 0.001 0.212 
(0.149,0.301) 

˂ 0.001 

 p for trend ˂0.001  ˂0.001  ˂0.001  
GNRI       
 Q1 (88-108)       
 Q2 (108-110) 0.650 

(0.520,0.813) 
˂ 0.001 0.681 

(0.543,0.854) 
˂ 0.001 0.779 

(0.620,0.978) 
0.032 

 Q3 (110-113) 0.411 
(0.319,0.528) 

˂ 0.001 0.457 
(0.351,0.595) 

˂ 0.001 0.563 
(0.432,0.735) 

˂ 0.001 

 Q4 (113-122) 0.177 
(0.127,0.247) 

˂ 0.001 0.194 
(0.138,0.273) 

˂ 0.001 0.229 
(0.162,0.323) 

˂ 0.001 

 p for trend ˂0.001  ˂0.001  ˂0.001  
 
ALB, albumin; BMI, body mass index; CI, confidence interval; Cr, serum creatinine; FLD, fatty liver disease; GNRI, Geriatric Nutritional 
Risk Index; Hb, hemoglobin; HR, Hazard ratio; LDH, lactate dehydrogenase; LNBMD, bone mineral density of left femoral neck; PBG, 
postprandial blood glucose; PINP, serum carboxy-terminal propeptide of type I collagen; PROG, progesterone; TT3,total triiodothyronine. 
†Model 1: no covariates were adjusted. 
‡Model 2: age and BMI were adjusted. 
§Model 3: age, BMI, N, Cr, LDH, PBG, TT3, PINP, PROG, LNBMD, smoking, tea consumption, vitamin D supplement, exercise and 
FLD were adjusted.  
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Figure 2. Associations of Hb, ALB and the GNRI with the risk of LBM stratified by age or BMI. (A)(B) subgroup analysis by age; (C)(D) 
subgroup analysis by BMI. ALB, albumin; GNRI, Geriatric Nutritional Risk Index; Hb, hemoglobin; LBM, low bone mass. 
 
 

 
 
Figure 3. Receiver operating characteristic curve of LBM. The y-axis represents the sensitivity of the risk prediction, the x-axis represents 
the 1-specificity of the risk prediction. The 45° diagonal line serves as the reference line, since it is the ROC curve of random classifica-
tion. Black dot indicates the best cut-off point. (A) ROC curves for the prediction for the risk of LBM using a serum ALB level; (B) ROC 
curves for the prediction for the risk of LBM using the GNRI score. ALB, albumin; AUC, area under the curve; CI, confidence interval; 
GNRI, Geriatric Nutritional Risk Index; ROC, receiver operating characteristic 
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factors and exerting physical forces.50 Some molecules 
secreted by skeletal muscle, such as IGF-1, interleukin-6, 
basic fibroblast growth factor, myostatin, and osteoglycin, 
have impacts on bone metabolism.51 Physical forces are 

usually produced by gravity, locomotion, or external de-
vices.52 In short, the mechanism of the significant associa-
tions between GNRI and BMD and the risk of OP may be 

 
 
 
 
Figure 4. Kaplan–Meier curve analysis showing non-LBM probability. (A) The non-LBM probability for different serum ALB level in the 
subgroups; (B) The non-LBM probability for different GNRI score in the subgroups. ALB, albumin; BMI, body mass index; GNRI, Geri-
atric Nutritional Risk Index; LBM, low bone mass.  
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explained by an increase in IGF-1, a decrease in PTH, 
and resistance to muscle loss. 

In ROC analysis for predicting LBM in middle-aged 
and elderly men, AUC values of ALB level and GNRI 
index were almost equal, and both could predict LBM in 
middle-aged and elderly men well. This indicates that 
ALB level is already an accurate indicator of diagnostic 
accuracy in the prediction of LBM. The GNRI index, 
adjusted for height and weight, did not show a greater 
predictive advantage on the basis of ALB levels. 

Compared to ALB and GNRI, bone turnover markers 
(BTMs) provide a dynamic assessment of skeletal activity 
and are useful modalities for skeletal assessment. Because 
the bone metabolism of OP patients is in a high conver-
sion state, all BMT are increasing.2 Eastell et al. believed 
that PINP could not be used to determine the amount of 
bone loss and predict fractures in individuals.53 However, 
PINP and β-CTX have an evident advantage when con-
sidering drug holidays for OP treatment.54 Therefore, 
PINP and β-CTX currently lack specific clinical demon-
strations to confirm their correlation with OP which re-
quires further research and in-depth analysis. The value of 
using PINP to predict OP as not been confirmed. Some 
scholars believe that PINP and OP are not correlated,55 

while others believe that they are positively correlated.56 
The report indicated that PINP may be more effective 
than β-CTX for predicting LBM. Nguyen et al. reported 
that OP patients had higher levels of PINP and β-CTX, 
but only β-CTX was significantly correlated with BMD 
(p < 0.01).57 Eastell et al. believed that PINP could not be 
used to determine the amount of bone loss and predict 
fractures in individuals.53 However, PINP and β-CTX 
have an evident advantage when considering drug holi-
days for OP treatment.38 Therefore, BTMs currently lack 
specific clinical demonstrations to confirm their correla-
tion with OP which requires further research and in-depth 
analysis. To our knowledge, this is the first report on the 
association between baseline nutritional status and the 
risk of LBM in elderly men in good status of nutrition. 
This is also the first study to compare individuals with 
and without LBM using both ALB level and the GNRI 
score. Moreover, comprehensive information regarding 
potential covariates was collected at baseline. In addition, 
this study has some limitations. First, our study was an 
observational prospective nested case-control study; we 
controlled for numerous relevant confounders, but the 
possibility of residual confounding remains. Second, the 
serum data of the individuals was collected only once and 
not evaluates the progressive changes in serum markers 
among individuals. Third, during follow-up, information 
about the dosage and duration of anti-osteoporosis drugs 
and other drugs that influence bone metabolism was not 
obtained, which might affect the evaluation of LBM risk. 
Follow-up large-scale studies are needed to confirm our 
results. 

 
Conclusion  
Our study found that lower nutritional status, represented 
by ALB level and the GNRI score, among elderly men in 
China is associated with a higher prevalence of LBM. 
The ALB level may be a good tool to identify Chinese 

elderly men who need further bone health nutritional sup-
port. 
 
ACKNOWLEDGEMENTS 
The authors thank all the study participants. 
 
CONFLICT OF INTEREST AND FUNDING DISCLO-
SURES 
The authors declare that they have no conflict of interest.  

This study received fundings from: 
1. National Key Research and Development Program of Chi-

na (No. 2020YFC2004900). 
2. Multi-center RCT Clinical Project of the National Clinical 

Research Centre for Geriatric Diseases, Chinese PLA General 
Hospital (No. NCRCG-PLAGH-2023001). 

3. The Open Project of the National Clinical Research Centre 
for Geriatric Diseases, Chinese PLA General Hospital (No. 
NCRCG-PLAGH-2022016). 
 
REFERENCES 
1. Osteoporosis prevention, diagnosis, and therapy. JAMA. 

2001;285:785-95. doi: 10.1001/jama.285.6.785. 
2. Camacho PM, Petak SM, Binkley N, Diab DL, Eldeiry LS, 

Farooki A et al. AMERICAN ASSOCIATION OF 
CLINICAL ENDOCRINOLOGISTS/AMERICAN 
COLLEGE OF ENDOCRINOLOGY CLINICAL 
PRACTICE GUIDELINES FOR THE DIAGNOSIS AND 
TREATMENT OF POSTMENOPAUSAL 
OSTEOPOROSIS-2020 UPDATE. Endocrine practice: 
official journal of the American College of Endocrinology 
and the American Association of Clinical Endocrinologists. 
2020;26:1-46. doi: 10.4158/GL-2020-0524SUPPL. 

3. Chinese Society of Osteoporosis and Bone Mineral 
Research. Epidemiological survey of osteoporosis in China 
and the results of the ‘healthy bones’ special action released. 
Chinese Journal of Osteoporosis and Bone Mineral 
Research. 2019;12:1017-33. (in Chinese) 

4. Khosla S, Melton LJ, 3rd. Clinical practice. Osteopenia. N 
Engl J Med. 2007;356:2293-300. doi: 
10.1056/NEJMcp070341. 

5. Center JR, Nguyen TV, Schneider D, Sambrook PN, Eisman 
JA. Mortality after all major types of osteoporotic fracture in 
men and women: an observational study. Lancet, 
1999;353:878-82. doi: 10.1016/S0140-6736(98)09075-8. 

6. Johnell O, Kanis JA. An estimate of the worldwide 
prevalence and disability associated with osteoporotic 
fractures. Osteoporos Int, 2006;17:1726-33. doi: 
10.1007/s00198-006-0172-4. 

7. Viswanathan M, Reddy S, Berkman N, Cullen K, Middleton 
JC, Nicholson WK et al. Screening to Prevent Osteoporotic 
Fractures: Updated Evidence Report and Systematic Review 
for the US Preventive Services Task Force. JAMA. 
2018;319:2532-51. doi: 10.1001/jama.2018.6537. 

8. Cadarette SM, Jaglal SB, Kreiger N, McIsaac WJ, 
Darlington GA, Tu JV. Development and validation of the 
Osteoporosis Risk Assessment Instrument to facilitate 
selection of women for bone densitometry. CMAJ, 
2000;162:1289-94. 

9. Koh LK, Sedrine WB, Torralba TP, Kung A, Fujiwara S, 
Chan SP et al. A simple tool to identify asian women at 
increased risk of osteoporosis. Osteoporos Int, 2001;12:699-
705. doi: 10.1007/s001980170070. 

10. Jeong JU, Lee HK, Kim YJ, Kim JS, Kang SS, Kim SB. 
Nutritional markers, not markers of bone turnover, are 
related predictors of bone mineral density in chronic 
peritoneal dialysis patients. Clin Nephrol. 2010;74:336-42. 
doi: 10.5414/cnp74336. 



                                Serum albumin with GNRI and osteopenia in men                                                  579                                                             

 

11. O'Keefe JH, Bergman N, Carrera-Bastos P, Fontes-Villalba 
M, DiNicolantonio JJ, Cordain L. Nutritional strategies for 
skeletal and cardiovascular health: hard bones, soft arteries, 
rather than vice versa. Open Heart. 2016;3:e000325. doi: 
10.1136/openhrt-2015-000325. 

12. Coin A, Sergi G, Benincà P, Lupoli L, Cinti G, Ferrara L et 
al. Bone mineral density and body composition in 
underweight and normal elderly subjects. Osteoporos Int. 
2000;11:1043-50. doi: 10.1007/s001980070026. 

13. Xiu S, Chhetri JK, Sun L, Mu Z, Wang L. Association of 
serum prealbumin with risk of osteoporosis in older adults 
with type 2 diabetes mellitus: a cross-sectional study. Ther 
Adv Chronic Dis. 2019;10:2040622319857361. doi: 
10.1177/2040622319857361. 

14. Chuang MH, Chuang TL, Koo M, Wang YF. Low 
Hemoglobin Is Associated With Low Bone Mineral Density 
and High Risk of Bone Fracture in Male Adults: A 
Retrospective Medical Record Review Study. Am J Mens 
Health. 2019;13:1557988319850378. doi: 
10.1177/1557988319850378. 

15. Chiu TH, Chen SC, Yu HC, Hsu JS, Shih MC, Jiang HJ et 
al. Association between Geriatric Nutrition Risk Index and 
Skeletal Muscle Mass Index with Bone Mineral Density in 
Post-Menopausal Women Who Have Undergone Total 
Thyroidectomy. Nutrients. 2020;12:1683. doi: 
10.3390/nu12061683. 

16. Huang W, Xiao Y, Wang H, Li K. Association of geriatric 
nutritional risk index with the risk of osteoporosis in the 
elderly population in the NHANES. Front Endocrinol 
(Lausanne). 2022;13:965487. doi: 
10.3389/fendo.2022.965487. 

17. Bouillanne O, Morineau G, Dupont C, Coulombel I, Vincent 
JP, Nicolis I et al. Geriatric Nutritional Risk Index: a new 
index for evaluating at-risk elderly medical patients. Am J 
Clin Nutr. 2005;82:777-83. doi: 10.1093/ajcn/82.4.777. 

18. Diet, nutrition and the prevention of chronic diseases. World 
Health Organ Tech Rep Ser. 2003;916:i-viii, 1-149, 
backcover. 

19. Andreoli A, Garaci F, Cafarelli FP, Guglielmi G. Body 
composition in clinical practice. Eur J Radiol. 
2016;85:1461-8. doi: 10.1016/j.ejrad.2016.02.005. 

20. Le LTH, Dang LT, Wang TJ, Do TG, Nguyen DH, Hoang 
TA et al. Osteoporosis Risk in Hemodialysis Patients: The 
Roles of Gender, Comorbidities, Biochemical Parameters, 
Health and Diet Literacy. Nutrients. 2022;14:5122. doi: 
10.3390/nu14235122. 

21. Valderrábano RJ, Buzkova P, Chang PY, Zakai NA, Fink 
HA, Robbins JA et al. Associations of hemoglobin and 
change in hemoglobin with risk of incident hip fracture in 
older men and women: the cardiovascular health study. 
Osteoporos Int. 2021;32:1669-77. doi: 10.1007/s00198-021-
05873-y. 

22. Kanis JA, Cooper C, Rizzoli R , Reginster JY. European 
guidance for the diagnosis and management of osteoporosis 
in postmenopausal women. Osteoporos Int. 2019;30: 3-44. 
doi: 10.1007/s00198-018-4704-5. 

23. Assessment of fracture risk and its application to screening 
for postmenopausal osteoporosis. Report of a WHO Study 
Group. World Health Organ Tech Rep Ser. 1994;843:1-129. 

24. Laudisio A, Marzetti E, Pagano F, Bernabei R, Zuccalà G. 
Haemoglobin levels are associated with bone mineral 
density in the elderly: a population-based study. Clin 
Rheumatol. 2009;28:145-51. doi: 10.1007/s10067-008-
0998-6. 

25. Korkmaz U, Korkmaz N, Yazici S, Erkan M, Baki AE, 
Yazici M et al. Anemia as a risk factor for low bone mineral 

density in postmenopausal Turkish women. Eur J Intern 
Med. 2012;23:154-8. doi: 10.1016/j.ejim.2011.11.009. 

26. Karadag F, Cildag O, Yurekli Y, Gurgey O. Should COPD 
patients be routinely evaluated for bone mineral density? J 
Bone Miner Metab. 2003;21:242-6. doi: 10.1007/s00774-
002-0416-0. 

27. Fujimoto H, Fujimoto K, Ueda A, Ohata M. Hypoxemia is a 
risk factor for bone mass loss. J Bone Miner Metab. 
1999;17:211-6. doi: 10.1007/s007740050087. 

28. Utting JC, Flanagan AM, Brandao-Burch A, Orriss IR, 
Arnett TR. Hypoxia stimulates osteoclast formation from 
human peripheral blood. Cell Biochem Funct. 2010;28:374-
80. doi: 10.1002/cbf.1660. 

29. Shiozawa Y, Taichman RS. Bone: Elucidating which cell 
erythropoietin targets in bone. Nat Rev Endocrinol. 
2015;11:263-4. doi: 10.1038/nrendo.2015.32. 

30. Valderrábano RJ, Buzkova P, Chang PY, Zakai NA, Fink 
HA, Robbins JA et al. Association of bone mineral density 
with hemoglobin and change in hemoglobin among older 
men and women: The Cardiovascular Health Study. Bone. 
2019;120:321-6. doi: 10.1016/j.bone.2018.11.010. 

31. McLean E, Cogswell M, Egli I, Wojdyla D, de Benoist B. 
Worldwide prevalence of anaemia, WHO Vitamin and 
Mineral Nutrition Information System, 1993-2005. Public 
Health Nutr. 2009;12:444-54. doi: 
10.1017/S1368980008002401. 

32. 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. J Am Geriatr Soc. 2004;52:719-24. doi: 
10.1111/j.1532-5415.2004.52208.x. 

33. Zakai NA, Katz R, Hirsch C, Shlipak MG, Chaves PH, 
Newman AB et al. A prospective study of anemia status, 
hemoglobin concentration, and mortality in an elderly 
cohort: the Cardiovascular Health Study. Arch Intern Med. 
2005;165:2214-20. doi: 10.1001/archinte.165.19.2214. 

34. Silva JC, Moraes ZV, Silva C, Mazon Sde B, Guariento ME, 
Neri AL et al. Understanding red blood cell parameters in 
the context of the frailty phenotype: interpretations of the 
FIBRA (Frailty in Brazilian Seniors) study. Arch Gerontol 
Geriatr. 2014;59:636-41. doi: 
10.1016/j.archger.2014.07.014. 

35. Cabrerizo S, Cuadras D, Gomez-Busto F, Artaza-Artabe I, 
Marín-Ciancas F, Malafarina V. Serum albumin and health 
in older people: Review and meta analysis. Maturitas. 
2015;81:17-27. doi: 10.1016/j.maturitas.2015.02.009. 

36. Nagayama Y, Ebina K, Tsuboi H, Hirao M, Hashimoto J, 
Yoshikawa H et al. Low serum albumin concentration is 
associated with increased risk of osteoporosis in 
postmenopausal patients with rheumatoid arthritis. J Orthop 
Sci. 2022;27:1283-90. doi: 10.1016/j.jos.2021.08.018. 

37. Kunutsor SK, Voutilainen A, Whitehouse MR, Seidu S, 
Kauhanen J, Blom AW et al. Serum Albumin and Future 
Risk of Hip, Humeral, and Wrist Fractures in Caucasian 
Men: New Findings from a Prospective Cohort Study. Med 
Princ Pract. 2019;28:401-9. doi: 10.1159/000499738. 

38. Afshinnia F, Wong KK, Sundaram B, Ackermann RJ, 
Pennathur S. Hypoalbuminemia and Osteoporosis: 
Reappraisal of a Controversy. J Clin Endocrinol Metab. 
2016;101:167-75. doi: 10.1210/jc.2015-3212. 

39. Abu-Amer Y. NF-κB signaling and bone resorption. 
Osteoporos Int. 2013;24:2377-86. doi: 10.1007/s00198-013-
2313-x. 

40. Muñoz-Garach A, García-Fontana B, Muñoz-Torres M. 
Nutrients and Dietary Patterns Related to Osteoporosis. 
Nutrients. 2020;12:1986. doi: 10.3390/nu12071986. 



580                                    T Li, J Zeng, X Miao, Z Pan, F Hu, X Cai, et al. 

 

41. Baccaro LF, Conde DM, Costa-Paiva L, Pinto-Neto AM. 
The epidemiology and management of postmenopausal 
osteoporosis: a viewpoint from Brazil. Clin Interv Aging. 
2015;10:583-91. doi: 10.2147/CIA.S54614. 

42. Wang J, Xing F, Sheng N, Xiang Z. Associations of the 
Geriatric Nutritional Risk Index With Femur Bone Mineral 
Density and Osteoporosis in American Postmenopausal 
Women: Data From the National Health and Nutrition 
Examination Survey. Front Nutr. 2022;9:860693. doi: 
10.3389/fnut.2022.860693. 

43. Wang L, Zhang D, Xu J. Association between the Geriatric 
Nutritional Risk Index, bone mineral density and 
osteoporosis in type 2 diabetes patients. J Diabetes Investig. 
2020;11:956-63. doi: 10.1111/jdi.13196. 

44. Rizzoli R, Biver E, Bonjour JP, Coxam V, Goltzman D, 
Kanis JA et al. Benefits and safety of dietary protein for 
bone health-an expert consensus paper endorsed by the 
European Society for Clinical and Economical Aspects of 
Osteopororosis, Osteoarthritis, and Musculoskeletal 
Diseases and by the International Osteoporosis Foundation. 
Osteoporos Int. 2018;29:1933-48. doi: 10.1007/s00198-018-
4534-5. 

45. 45. Dixit M, Poudel SB, Yakar S. Effects of GH/IGF axis 
on bone and cartilage. Mol Cell Endocrinol. 
2021;519:111052. doi: 10.1016/j.mce.2020.111052. 

46. 46. Kerstetter JE, O'Brien KO, Caseria DM, Wall DE, 
Insogna KL. The impact of dietary protein on calcium 
absorption and kinetic measures of bone turnover in women. 
J Clin Endocrinol Metab. 2005;90:26-31. doi: 
10.1210/jc.2004-0179. 

47. 47. Bauer J, Morley JE, Schols A, Ferrucci L, Cruz-
Jentoft AJ, Dent E et al. Sarcopenia: A Time for Action. An 
SCWD Position Paper. J Cachexia Sarcopenia Muscle. 
2019;10:956-61. doi: 10.1002/jcsm.12483. 

48. Prokopidis K, Cervo MM, Gandham A, Scott D. Impact of 
Protein Intake in Older Adults with Sarcopenia and Obesity: 
A Gut Microbiota Perspective. Nutrients. 2020;12:2285. doi: 
10.3390/nu12082285. 

49. Laskou F, Fuggle NR, Patel HP, Jameson K, Cooper C, 
Dennison E. Associations of osteoporosis and sarcopenia 
with frailty and multimorbidity among participants of the 
Hertfordshire Cohort Study. J Cachexia Sarcopenia Muscle. 
2022;13:220-9. doi: 10.1002/jcsm.12870. 

50. Reginster JY, Beaudart C, Buckinx F, Bruyère O. 
Osteoporosis and sarcopenia: two diseases or one? Curr 
Opin Clin Nutr Metab Care. 2016;19:31-6. doi: 
10.1097/MCO.0000000000000230. 

51. Tagliaferri C, Wittrant Y, Davicco MJ, Walrand S, Coxam 
V. Muscle and bone, two interconnected tissues. Ageing Res 
Rev. 2015;21:55-70. doi: 10.1016/j.arr.2015.03.002. 

52. Herrmann M, Engelke K, Ebert R, Müller-Deubert S, Rudert 
M, Ziouti F et al. Interactions between Muscle and Bone-
Where Physics Meets Biology. Biomolecules. 2020;10:432. 
doi: 10.3390/biom10030432. 

53. 53. Eastell R, Szulc P. Use of bone turnover markers in 
postmenopausal osteoporosis. Lancet Diabetes Endocrinol. 
2017; 5: 908–23. doi: 10.1016/S2213-8587(17)30184-5. 

54. Naylor KE, Mccloskey EV, Jacques RM, Peel NFA, 
Paggiosi MA, Gossiel F et al. Clinical utility of bone 
turnover markers in monitoring the withdrawal of treatment 
with oral bisphosphonates in postmenopausal osteoporosis. 
Osteoporos Int. 2019; 30: 917–22. doi: 10.1007/s00198-018-
04823-5. 

55. Xie ZB, Shen JL, Hao J, Hu ZM. The significance of bone 
metabolism indexes to predict postmenopausal osteoporotic 
vertebral fractures. J Trauma Surg. 2018; 20: 346–9. 

56. Dai Z, Wang R, Ang LW, Yuan JM, Koh WP. Bone 
turnover biomarkers and risk of osteoporotic hip fracture in 
an Asian population. Bone. 2016; 83: 171–7. doi: 
10.1016/j.bone.2015.11.005. 

57. Nguyen LT, Nguyen UDT, Nguyen TDT, Ho-Pham LT, 
Nguyen TV. Contribution of bone turnover markers to the 
variation in bone mineral density: a study in Vietnamese 
men and women. Osteoporos Int. 2018; 29: 2739–44. doi: 
10.1007/s00198-018-4700-9. 

 


