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Abstract: Treatment of rheumatoid arthritis (RA) with biological disease-modifying anti-rheumatic
drugs (bDMARDs) induces rapid remission. However, osteoporosis and its management remains
a problem. The Geriatric Nutritional Risk Index (GNRI) evaluates the risk of malnutrition-related
complications in elderly patients and has been shown to be a significant predictor of many diseases.
We evaluated the correlation between GNRI and RA activity. In addition, risk factors for femoral neck
bone loss were evaluated in RA patients treated with bDMARDs. We retrospectively examined the
medical records of 146 patients with RA, collecting and recording the patients’ demographic and clinical
characteristics. Bone mineral density (BMD) was measured by dual-energy X-ray absorptiometry.
Inverse correlations were observed between GNRI and disease duration, disease activity score-28
joint count serum C-reactive protein (CRP), simple disease activity index, modified health assessment
questionnaire score and CRP. GNRI showed correlation with femoral neck BMD and femoral neck BMD
≤ 70% of young adult men (YAM). Multiple regression analysis showed that female sex, increased age
and lower GNRI were risk factors for lower BMD of the femoral neck. Multivariate binomial logistic
regression analysis showed that female sex (odd ratio: 3.67) and lower GNRI (odd ratio: 0.87) were risk
factors for BMD ≤ 70% of YAM. Because the GNRI is a simple method, it might be a simple predictor
for RA activity and BMD status in RA patients. Complementary nutritional therapies might improve
RA activity and osteoporosis in RA patients who have undergone treatment with bDMARDs.

Keywords: rheumatoid arthritis (RA); geriatric nutritional risk index (GNRI); bone mineral density
(BMD); biological disease-modifying; anti-rheumatic drugs (bDMARDs); osteoporosis
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1. Introduction

Rheumatoid arthritis (RA) is a chronic, systemic, inflammatory disorder that promotes
joint inflammation and destruction [1]. Treatment options for RA have increased rapidly
using biological disease-modifying anti-rheumatic drugs (bDMARDs) [2]. bDMARDs include
tumor necrosis factor-α inhibitors, anti-interleukin-6 agents, B cell-depleting agents and cytotoxic
T lymphocyte-associated antigen 4 therapy. Treatment with bDMARDs induces rapid accomplishment
of remission, with reduced radiological progression and disability [3,4]. However, co-morbidities
remain a problem in RA patients that must be managed [5]. RA increases the risk of bone loss
and fracture, which are associated with a reduction in quality of life [5]. Poor nutrient status in
RA patients is often reported [6], therefore nutrient supplementation should be considered in the
management of RA and its co-morbidities [7]. It has been reported that poor nutritional status was
related to osteoporosis in postmenopausal women [8,9]. Nutrients, including micronutrients—calcium,
vitamin D, phosphorous and magnesium—are key constituents of bone. However, protein is an
often-neglected bone constituent and contributor to bone health [10,11]. Large-scale literature reviews
showed that increased protein intake in the diet is beneficial to bone health and reduces morbidity
and mortality [12]. The Geriatric Nutritional Risk Index (GNRI) is advocated to evaluate the risk
of malnutrition-related complications in elderly patients [13]. The GNRI has been reported to be a
significant predictor of prognosis in hemodialysis [14–17], percutaneous coronary intervention [18],
systolic heart failure [19], pneumonia [20], diabetic foot ulcers [21], a predictor of prevalence coronary
artery [22], acute heart failure [23], squamous cell carcinoma [24] and obstructive pulmonary disease
patients [25]. We evaluated the correlation between GNRI and disease activity in the RA patients
treated with bDMARDs. In addition, risk factors for femoral neck bone loss were evaluated in the RA
patients treated with bDMARDs.

2. Subjects and Methods

2.1. Participants

We retrospectively examined the records of 146 patients with RA, diagnosed using the 2010 criteria
of the American College of Rheumatology and treated with infliximab, adalimumab, golimumab,
etanercept, tocilizumab or abatacept at the Japanese Red Cross Kagoshima Hospital.

2.2. Demographic and Disease-Related Data

Patients’ demographic and clinical characteristics were collected from medical records, including
sex, age, disease duration, estimated glomerular filtration rate (eGFR) (mL/min/1.73 m3), dose of
corticosteroid (mg), GNRI, disease activity score-28-reactive protein (DAS28-CRP), Simplified Disease
Activity Index (SDAI), modified health assessment questionnaire (MHAQ) score, serum C-reactive
protein (CRP) (mg/dL) and bone mineral density (BMD) of the femoral neck (g/cm2). The patients for
whom some of these data were missing were excluded from the study.

2.3. Dual Energy X-ray Absorptiometry Measurements

BMD was examined between December 2011 and December 2013 using the Discovery DXA system
(Hologic, Waltham, MA, USA). The Japanese Society for Bone and Mineral Research has proposed
that primary osteoporosis is diagnosed when BMD is ≤ 70% in young adult men (YAM) [26–29].
We therefore separated the patients into two groups: those with BMD ≤ 70% and those with
BMD > 70%.
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2.4. Geriatric Nutritional Risk Index

The GNRI was calculated as previously reported [13]. GNRI was derived from serum albumin
and body weight as described in Equation (1), A represents the albumin, the unit is g/L; B represents
body weight; C represents ideal body weight:

GNRI = 1.489 A + 41.7 B/C (1)

In Equation (1), A represents the albumin, the unit is g/L; B represents body weight; C represents
ideal body weight.

Body weight or ideal body weight were set to 1 when the patient’s body weight exceeded the
ideal body weight. The ideal body weight was defined as a BMI of 22 [14,30].

2.5. Statistical Analysis

The Kolmogorov–Smirnov test was used to evaluate the distribution of data. The data were
examined using analysis of variance (ANOVA), Kruskal–Wallis analysis, or Student’s t-test. Spearman’s
rank correlation coefficient analysis was performed for the correlation of variables. Multivariable
logistic regression analysis and multivariate binomial logistic regression analysis were performed
to correlate demographic data with BMD. All variables were included in the multivariable logistic
regression analysis and multivariate binomial logistic regression analysis. Analysis was performed
using BellCurve for Excel (Social Survey Research Information Co., Ltd., Tokyo, Japan).

2.6. Ethics Approval and Consent to Participate

This research protocol was approved by the Ethics Committee on Clinical Research at the Japanese
Red Cross Kagoshima Hospital (Approval No. 2016-1-1). This research was executed in accordance
with the Helsinki Declaration of 1975, as revised in 2008. All subjects gave their informed consent for
inclusion before they participated in the study.

3. Results

3.1. Relationship between GNRI, Disease Activity and BMD

The demographic and clinical characteristics of the 146 patients who underwent DXA scanning of
the femoral neck are shown in Table 1. All variables were evaluated by Spearman’s rank correlation
coefficient analysis. Weak inverse correlation between GNRI and disease duration (r: −0.27),
DAS28-CRP (r: −0.39), SDAI (r: −0.34), MHAQ (r: −0.33) and CRP (r: −0.25) were observed (Table 2).
In addition, GNRI showed weak correlation with femoral neck BMD (r: 0.35) and femoral neck
BMD ≤ 70% of YAM (r: −0.34) (Table 2). Patients were divided into 5 groups: (1) GNRI < 95 (n = 7);
(2) GNRI ≥ 95 but < 100 (n = 21); (3) GNRI ≥ 100 but < 105 (n = 42); (4) GNRI ≥ 105 but < 110 (n = 56);
(5) GNRI ≥ 110 (n = 20). DAS28-CRP and BMD showed statistically significant differences between
groups (1) and (2) and groups (4) and (5) (Figure 1). Next, patients were divided into 2 groups (1)
DAS28-CRP < 2.6 (n = 78) and DAS28-CRP ≥ 2.6 (n = 68) according to a previous report [31]. GNRI of
the DAS28-CRP < 2.6 group was significantly lower than that of DAS28-CRP ≥ 2.6 (Figure 2).
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Table 1. Patients’ demographic data.

Variables

Female proportion 82.9%
Age (years) 60.5 ± 10.3

Disease duration (years) 9.5 (5–16)
eGFR (mL/min/1.73 m3) 74.4 ± 18.4

Dose of corticosteroid (mg) 0.0 (0.0–1.9)
GNRI 104.8 ± 5.5

DAS28-CRP 2.5 (1.7–3.3)
SDAI 6.2 (2.9–12.8)

MHAQ 4.0 (0.0–10.0)
CRP (mg/dL) 0.09 (0.03–0.31)

Femoral neck BMD (g/cm2) 0.61 ± 0.13
Proportion of BMD ≤ 70% of YAM 38.4%

Abbreviations: eGFR, estimated glomerular filtration rate; GNRI, geriatric nutritional risk index; DAS28-CRP,
Disease Activity Score-28-CRP; SDAI, Simplified Disease Activity Index; MHAQ, Modified Health Assessment
Questionnaire; CRP, serum C-reactive protein concentration; BMD, bone mineral density; YAM, young adult mean.

Table 2. Correlation between GNRI and other variables.

Variables
Correlation Coefficient

GNRI

Sex −0.09
Age −0.08

Disease duration −0.27 ***
eGFR (mL/min/1.73 m3) −0.06

Dose of corticosteroid (mg) −0.19 *
DAS28-CRP −0.39 ***

SDAI -0.34 ***
MHAQ −0.33 ***

CRP (mg/dL) −0.25 **
Femoral neck BMD (g/cm2) 0.35 ***

Femoral neck BMD ≤ 70% of YAM 0.34 ***

* p < 0.05; ** p < 0.01; *** p < 0.001. Abbreviations: eGFR, estimated glomerular filtration rate; GNRI, geriatric
nutritional risk index; DAS28-CRP, Disease Activity Score-28-CRP; SDAI, Simplified Disease Activity Index; MHAQ,
Modified Health Assessment Questionnaire; CRP, serum C-reactive protein concentration; BMD, bone mineral
density; YAM, young adult men.
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Figure 1. Correlation between the Geriatric Nutritional Risk Index (GNRI) and rheumatoid arthritis 
(RA) disease activity and bone mineral density (BMD). Patients were divided into 5 groups: (1) GNRI 
< 95 (n = 7); (2) GNRI ≥ 95 but < 100 (n = 21); (3) GNRI ≥ 100 but < 105 (n = 42); (4) GNRI ≥ 105 but < 110 
(n = 56); (5) GNRI ≥ 110 (n = 20). The Kolmogorov–Smirnov test was used to evaluate the distribution 
of the data. The data were then examined using analysis of variance or the Kruskal–Wallis analysis. 
Disease duration, Disease Activity Score-28-C-reactive protein (DAS28-CRP), Simplified Disease 
Activity Index (SDAI), Modified Health Assessment Questionnaire (MHAQ) and bone mineral 
density (BMD) showed statistically significant differences between groups (p < 0.05). AVONA:  
Analysis of variance. 

Figure 1. Correlation between the Geriatric Nutritional Risk Index (GNRI) and rheumatoid arthritis
(RA) disease activity and bone mineral density (BMD). Patients were divided into 5 groups:
(1) GNRI < 95 (n = 7); (2) GNRI ≥ 95 but < 100 (n = 21); (3) GNRI ≥ 100 but < 105 (n = 42);
(4) GNRI ≥ 105 but < 110 (n = 56); (5) GNRI ≥ 110 (n = 20). The Kolmogorov–Smirnov test was used to
evaluate the distribution of the data. The data were then examined using analysis of variance or the
Kruskal–Wallis analysis. Disease duration, Disease Activity Score-28-C-reactive protein (DAS28-CRP),
Simplified Disease Activity Index (SDAI), Modified Health Assessment Questionnaire (MHAQ) and
bone mineral density (BMD) showed statistically significant differences between groups (p < 0.05).
AVONA: Analysis of variance.
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Figure 2. Difference in GNRI between the CRP < 2.6 and ≥ 2.6 groups. Kolmogorov–Smirnov test 
showed that data were in normal distribution. Student’s t-test showed a statistically significant 
difference between the two groups (p < 0.05). 

3.2. Low GNRI Is a Risk Factor for Low BMD of the Femoral Neck 

Multiple regression analysis was performed to evaluate risk factors for lower BMD of the 
femoral neck in the RA patients treated with bDMARDs. Female sex, older age and lower GNRI were 
identified as risk factors for lower BMD of the femoral neck (Table 3). Furthermore, higher age and 
lower GNRI were identified as risk factors for lower BMD of YAM in the femoral neck (Table 4). 
Multivariate binomial logistic regression analysis showed that female sex (odds ratio: 3.67) and lower 
GNRI (odds ratio: 0.87) were risk factors for BMD ≤ 70% in YAM (Table 5). 

Table 3. Risk factors for lower BMD in the femoral neck. 

Variables Partial Regression Coefficient p-Value 
Sex −0.106 <0.001 
Age −0.003 0.003 

Disease duration −0.002 0.175 
eGFR (mL/min/1.73 m3) −0.001 0.202 

Dose of corticosteroid (mg) −0.003 0.584 
DAS28-CRP 0.024 0.307 

SDAI −0.001 0.750 
MHAQ −0.004 0.098 

CRP (mg/dL) 0.007 0.677 
GNRI 0.007 <0.001 

Abbreviations: eGFR, estimated glomerular filtration rate; GNRI, geriatric nutritional risk index; 
DAS28-CRP, Disease Activity Score-28-CRP; SDAI, Simplified Disease Activity Index; MHAQ, 
Modified Health Assessment Questionnaire; CRP, serum C-reactive protein concentration. 

  

Figure 2. Difference in GNRI between the CRP < 2.6 and ≥ 2.6 groups. Kolmogorov–Smirnov test
showed that data were in normal distribution. Student’s t-test showed a statistically significant
difference between the two groups (p < 0.05).

3.2. Low GNRI Is a Risk Factor for Low BMD of the Femoral Neck

Multiple regression analysis was performed to evaluate risk factors for lower BMD of the femoral
neck in the RA patients treated with bDMARDs. Female sex, older age and lower GNRI were identified
as risk factors for lower BMD of the femoral neck (Table 3). Furthermore, higher age and lower GNRI
were identified as risk factors for lower BMD of YAM in the femoral neck (Table 4). Multivariate
binomial logistic regression analysis showed that female sex (odds ratio: 3.67) and lower GNRI
(odds ratio: 0.87) were risk factors for BMD ≤ 70% in YAM (Table 5).

Table 3. Risk factors for lower BMD in the femoral neck.

Variables Partial Regression Coefficient p-Value

Sex −0.106 <0.001
Age −0.003 0.003

Disease duration −0.002 0.175
eGFR (mL/min/1.73 m3) −0.001 0.202

Dose of corticosteroid (mg) −0.003 0.584
DAS28-CRP 0.024 0.307

SDAI −0.001 0.750
MHAQ −0.004 0.098

CRP (mg/dL) 0.007 0.677
GNRI 0.007 <0.001

Abbreviations: eGFR, estimated glomerular filtration rate; GNRI, geriatric nutritional risk index; DAS28-CRP,
Disease Activity Score-28-CRP; SDAI, Simplified Disease Activity Index; MHAQ, Modified Health Assessment
Questionnaire; CRP, serum C-reactive protein concentration.
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Table 4. Risk factors for lower BMD of YAM in the femoral neck.

Variables Partial Regression Coefficient p-Value

Sex −6.050 0.052
Age −0.426 0.002

Disease duration −0.196 0.252
eGFR (ml/min/1.73 m3) −0.095 0.201

Dose of corticosteroid (mg) −0.332 0.604
DAS28-CRP 2.622 0.360

SDAI −0.136 0.694
MHAQ −0.425 0.117

CRP (mg/dL) 1.001 0.613
GNRI 0.792 0.001

Abbreviations: eGFR, estimated glomerular filtration rate; GNRI, geriatric nutritional risk index; DAS28-CRP,
Disease Activity Score-28-CRP; SDAI, Simplified Disease Activity Index; MHAQ, Modified Health Assessment
Questionnaire; CRP, serum C-reactive protein concentration.

Table 5. Risk factors for BMD ≤ 70% in the femoral necks of YAM.

Variables Odds Ratio p-Value

Sex 3.67 (1.06–12.9) 0.040
Age 1.04 (0.99–1.09) 0.115

Disease duration 1.05 (0.99–1.11) 0.101
eGFR (mL/min/1.73 m3) 1.01 (0.99–1.04) 0.378

Dose of corticosteroid (mg) 0.84 (0.66–1.06) 0.147
DAS28-CRP 0.81 (0.30–2.15) 0.666

SDAI 1.01 (0.90–1.13) 0.874
MHAQ 1.06 (0.97–1.16) 0.117

CRP (mg/dL) 1.19 (0.61–2.32) 0.612
GNRI 0.87 (0.80–0.95) 0.002

Abbreviations: eGFR, estimated glomerular filtration rate; GNRI, geriatric nutritional risk index; DAS28-CRP,
Disease Activity Score-28-CRP; SDAI, Simplified Disease Activity Index; MHAQ, Modified Health Assessment
Questionnaire; CRP, serum C-reactive protein concentration.

4. Discussion

The GNRI was initially developed to evaluate the risk of malnutrition-related complications in
elderly patients [13] and has since been shown to be a significant predictor of many diseases [14–24].
We therefore used GNRI in our examinations and showed that GNRI inverse correlated with
DAS28-CRP, SDAI and CRP. To our knowledge, this is the first report showing the relationship
between GNRI and disease activity of RA. Because GNRI is a simple method to evaluate nutritional
status using just blood albumin, body weight and height, GNRI is a simple and useful tool to evaluate
the nutritional status and disease activity in RA patients and that improvement of nutrition might
have a positive effect in decreasing disease activity.

It is reported that 33–75% of RA patients believe that food plays an important role in the severity
of their disease activity and that 20–50% of RA patients will have tried dietary manipulation in an
attempt to decrease pain [32,33]. Nutritional status of RA patients is compromised despite relevant
ingestion. Rheumatoid cachexia, a condition of up-regulated metabolism that leads to reduction of
weight and body mass, requires that attention be paid to protein and energy balance [34]. Our findings
showed that low GNRI is a significant risk factor for lower BMD of the femoral neck in RA patients,
even when treated with bDMARDs. To our knowledge, this is the first report to show the direct
relationship between GNRI and BMD. GNRI might be a simple predictor for the BMD status in RA
patients. The average GNRI of these patients was 104.8 ± 5.5, which is not a severe nutritional status.
When we divided patients in 5 groups according to the GNRI, however, we found that lower GNRI
is correlated with higher DAS28-CRP, higher SDAI, higher MHAQ and lower BMD. These findings
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partially validate that improved nutrition is related to lower levels of disease activity and lower BMD
in patients with a low GNRI.

The relationship between nutritional status and bone mass in chronic obstructive pulmonary
disease [35], chronic kidney disease [36], non-alcoholic fatty liver disease [37] and cardiovascular
disease [38] has been established. Therefore, GNRI might be a simple predictor for BMD status in
patients with these diseases. It has been reported that significant negative association between protein
consumption and risk of hip fracture [39–41]. Because both animal and vegetable sources of protein
contributed to this association [39], it is important to take sufficient proteins from these diets.

It has been reported that DAS28-CRP < 2.6 indicated remission [31]. Although 78 patients were in
the DAS28-CRP < 2.6 group, 27 of 78 (34.6%) patients had a BMD ≤ 70% in the femoral necks of YAM.
These findings suggest that early prevention and treatment of osteoporosis might be needed for RA
patients treated with bDMARDs.

Our study has several limitations. First, this study was a cohort single-center study, so selection
bias may have occurred. In future, a multicenter study should be performed to confirm our findings.
Second, because this study evaluated single-time-point data, a longitudinal study is needed to evaluate
changes in each factor. Consequently, increases in the number of variables and patients are needed
to identify important and precise risk factors in future studies. We did not evaluate the diets of
patients who were unrelated to the medical institution. More detailed interviews of patients’ dietary
habits should be performed. Associations between vitamin D deficiency and poor bone health were
reported [42,43]. Because vitamin D deficiency is highly prevalent in RA patients [44], the relationship
between vitamin D status and osteoporosis should be examined in future studies.

5. Conclusions

Our findings suggest that GNRI might be a simple predictor of RA activity and BMD of the
femoral neck. Complementary nutritional therapies might improve RA activity and osteoporosis in
RA patients treated with bDMARDs.

Acknowledgments: The authors would like to thank Miss Rumi Kawabata for her invaluable assistance. We also
thank Elizabeth Finnie, from Edanz Group (www.edanzediting.com/ac) for editing a draft of this manuscript.

Author Contributions: H.Tom., T.S. and Y.A. conceived and designed the research. H.Tok., Y.A., G.J., M.A.,
H.O., E.T., N.S., S.N. and Y.I. collected the data. S.K., H.Tok. and T.S. analyzed the data. T.S. and S.K. wrote
the manuscript.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Boonen, A.; Severens, J.L. The burden of illness of rheumatoid arthritis. Clin. Rheumatol. 2011, 30, 3–8.
[CrossRef] [PubMed]

2. Morsley, K.; Kilner, T.; Steuer, A. Biologics prescribing for rheumatoid arthritis in older patients:
A single-center retrospective cross-sectional study. Rheumatol. Ther. 2015, 2, 165–172. [CrossRef] [PubMed]

3. Ornbjerg, L.M.; Ostergaard, M.; Boyesen, P.; Krogh, N.S.; Thormann, A.; Tarp, U.; Poulsen, U.E.; Espesen, J.;
Ringsdal, V.S.; Graudal, N.; et al. Impact of tumour necrosis factor inhibitor treatment on radiographic
progression in rheumatoid arthritis patients in clinical practice: Results from the nationwide Danish DANBIO
registry. Ann. Rheum. Dis. 2013, 72, 57–63. [CrossRef] [PubMed]

4. Hallert, E.; Husberg, M.; Bernfort, L. The incidence of permanent work disability in patients with rheumatoid
arthritis in Sweden 1990–2010: Before and after introduction of biologic agents. Rheumatology 2012, 51,
338–346. [CrossRef] [PubMed]

5. Gullick, N.J.; Scott, D.L. Co-morbidities in established rheumatoid arthritis. Best Pract. Res. Clin. Rheumatol.
2011, 25, 469–483. [CrossRef] [PubMed]

6. Akner, G.; Cederholm, T. Treatment of protein-energy malnutrition in chronic nonmalignant disorders. Am. J.
Clin. Nutr. 2001, 74, 6–24. [CrossRef] [PubMed]

www.edanzediting.com/ac
http://dx.doi.org/10.1007/s10067-010-1634-9
http://www.ncbi.nlm.nih.gov/pubmed/21359507
http://dx.doi.org/10.1007/s40744-015-0021-z
http://www.ncbi.nlm.nih.gov/pubmed/27747537
http://dx.doi.org/10.1136/annrheumdis-2012-201319
http://www.ncbi.nlm.nih.gov/pubmed/22532636
http://dx.doi.org/10.1093/rheumatology/ker332
http://www.ncbi.nlm.nih.gov/pubmed/22096014
http://dx.doi.org/10.1016/j.berh.2011.10.009
http://www.ncbi.nlm.nih.gov/pubmed/22137918
http://dx.doi.org/10.1093/ajcn/74.1.6
http://www.ncbi.nlm.nih.gov/pubmed/11451713


Nutrients 2018, 10, 234 9 of 10

7. Rennie, K.L.; Hughes, J.; Lang, R.; Jebb, S.A. Nutritional management of rheumatoid arthritis: A review of
the evidence. J. Hum. Nutr. Diet 2003, 16, 97–109. [CrossRef] [PubMed]

8. Kim, M.H.; Lee, J.S.; Johnson, M.A. Poor socioeconomic and nutritional status are associated with
osteoporosis in Korean postmenopausal women: Data from the Fourth Korea National Health and Nutrition
Examination Survey (KNHANES) 2009. J. Am. Coll. Nutr. 2015, 34, 400–407. [CrossRef] [PubMed]

9. Rizzoli, R.; Bischoff-Ferrari, H.; Dawson-Hughes, B.; Weaver, C. Nutrition and bone health in women after
the menopause. Women’s Health 2014, 10, 599–608. [CrossRef] [PubMed]

10. Houston, D.K.; Nicklas, B.J.; Ding, J.; Harris, T.B.; Tylavsky, F.A.; Newman, A.B.; Lee, J.S.; Sahyoun, N.R.;
Visser, M.; Kritchevsky, S.B.; et al. Dietary protein intake is associated with lean mass change in older,
community-dwelling adults: The Health, Aging and Body Composition (health ABC) Study. Am. J. Clin. Nutr.
2008, 87, 150–155. [CrossRef] [PubMed]

11. Genaro Pde, S.; Martini, L.A. Effect of protein intake on bone and muscle mass in the elderly. Nutr. Rev. 2010,
68, 616–623. [CrossRef] [PubMed]

12. Curneen, J.M.G.; Casey, M.; Laird, E. The relationship between protein quantity, BMD and fractures in older
adults. Ir. J. Med. Sci. 2018, 187, 111–121. [CrossRef] [PubMed]

13. Rizzoli, R. Nutrition: Its role in bone health. Best Pract. Res. Clin. Endocrinol. Metabol. 2008, 22, 813–829.
[CrossRef] [PubMed]

14. Rizzoli, R.; Bianchi, M.L.; Garabedian, M.; McKay, H.A.; Moreno, L.A. Maximizing bone mineral mass gain
during growth for the prevention of fractures in the adolescents and the elderly. Bone 2010, 46, 294–305.
[CrossRef] [PubMed]

15. Dou, Y.; Wang, P.; Yuan, F.; Liang, X.; Liu, D.; Xiao, J.; Zhao, Z.; Liu, Z. The geriatric nutritional risk index
may predict healthcare costs and health transitions during hemodialysis in china. Asia Pac. J. Clin. Nutr.
2017, 26, 6–10. [PubMed]

16. Kang, S.H.; Cho, K.H.; Park, J.W.; Yoon, K.W.; Do, J.Y. Geriatric nutritional risk index as a prognostic factor
in peritoneal dialysis patients. Perit. Dial. Int. 2013, 33, 405–410. [CrossRef] [PubMed]

17. Szeto, C.C.; Kwan, B.C.; Chow, K.M.; Law, M.C.; Li, P.K. Geriatric nutritional risk index as a screening tool
for malnutrition in patients on chronic peritoneal dialysis. J. Ren. Nutr. 2010, 20, 29–37. [CrossRef] [PubMed]

18. Wada, H.; Dohi, T.; Miyauchi, K.; Doi, S.; Naito, R.; Konishi, H.; Tsuboi, S.; Ogita, M.; Kasai, T.; Hassan, A.; et al.
Prognostic impact of the geriatric nutritional risk index on long-term outcomes in patients who underwent
percutaneous coronary intervention. Am. J. Cardiol. 2017, 119, 1740–1745. [CrossRef] [PubMed]

19. Sargento, L.; Simoes, A.V.; Rodrigues, J.; Longo, S.; Lousada, N.; Palma dos Reis, R. Geriatric nutritional
risk index as a nutritional and survival risk assessment tool in stable outpatients with systolic heart failure.
Nutr. Metab. Cardiovasc. Dis. 2017, 27, 430–437. [CrossRef] [PubMed]

20. Mitani, Y.; Oki, Y.; Fujimoto, Y.; Yamaguchi, T.; Iwata, K.; Watanabe, Y.; Takahashi, K.; Yamada, K.; Ishikawa, A.
Relationship between functional independence measure and geriatric nutritional risk index in pneumonia
patients in long-term nursing care facilities. Geriatr. Gerontol. Int. 2017, 17, 1617–1622. [CrossRef] [PubMed]

21. Xie, Y.; Zhang, H.; Ye, T.; Ge, S.; Zhuo, R.; Zhu, H. The geriatric nutritional risk index independently predicts
mortality in diabetic foot ulcers patients undergoing amputations. J. Diabetes. Res. 2017, 2017, 5797194.
[CrossRef] [PubMed]

22. Kawamiya, T.; Suzuki, S.; Ishii, H.; Hirayama, K.; Harada, K.; Shibata, Y.; Tatami, Y.; Harata, S.;
Kawashima, K.; Kunimura, A.; et al. Correlations between geriatric nutritional risk index and peripheral
artery disease in elderly coronary artery disease patients. Geriatr. Gerontol. Int. 2017, 17, 1057–1062.
[CrossRef] [PubMed]

23. Honda, Y.; Nagai, T.; Iwakami, N.; Sugano, Y.; Honda, S.; Okada, A.; Asaumi, Y.; Aiba, T.; Noguchi, T.;
Kusano, K.; et al. Usefulness of geriatric nutritional risk index for assessing nutritional status and its
prognostic impact in patients aged ≥ 65 years with acute heart failure. Am. J. Cardiol. 2016, 118, 550–555.
[CrossRef] [PubMed]

24. Bo, Y.; Wang, K.; Liu, Y.; You, J.; Cui, H.; Zhu, Y.; Lu, Q.; Yuan, L. The geriatric nutritional risk index predicts
survival in elderly esophageal squamous cell carcinoma patients with radiotherapy. PLoS ONE 2016, 11.
[CrossRef] [PubMed]

25. Matsumura, T.; Mitani, Y.; Oki, Y.; Fujimoto, Y.; Ohira, M.; Kaneko, H.; Kawashima, T.; Nishio, M.;
Ishikawa, A. Comparison of geriatric nutritional risk index scores on physical performance among elderly
patients with chronic obstructive pulmonary disease. Heart Lung 2015, 44, 534–538. [CrossRef] [PubMed]

http://dx.doi.org/10.1046/j.1365-277X.2003.00423.x
http://www.ncbi.nlm.nih.gov/pubmed/12662368
http://dx.doi.org/10.1080/07315724.2014.945197
http://www.ncbi.nlm.nih.gov/pubmed/25826107
http://dx.doi.org/10.2217/WHE.14.40
http://www.ncbi.nlm.nih.gov/pubmed/25482487
http://dx.doi.org/10.1093/ajcn/87.1.150
http://www.ncbi.nlm.nih.gov/pubmed/18175749
http://dx.doi.org/10.1111/j.1753-4887.2010.00321.x
http://www.ncbi.nlm.nih.gov/pubmed/20883419
http://dx.doi.org/10.1007/s11845-017-1642-8
http://www.ncbi.nlm.nih.gov/pubmed/28674746
http://dx.doi.org/10.1016/j.beem.2008.08.005
http://www.ncbi.nlm.nih.gov/pubmed/19028358
http://dx.doi.org/10.1016/j.bone.2009.10.005
http://www.ncbi.nlm.nih.gov/pubmed/19840876
http://www.ncbi.nlm.nih.gov/pubmed/28049255
http://dx.doi.org/10.3747/pdi.2012.00018
http://www.ncbi.nlm.nih.gov/pubmed/23378470
http://dx.doi.org/10.1053/j.jrn.2009.04.004
http://www.ncbi.nlm.nih.gov/pubmed/19596587
http://dx.doi.org/10.1016/j.amjcard.2017.02.051
http://www.ncbi.nlm.nih.gov/pubmed/28388993
http://dx.doi.org/10.1016/j.numecd.2017.02.003
http://www.ncbi.nlm.nih.gov/pubmed/28438373
http://dx.doi.org/10.1111/ggi.12942
http://www.ncbi.nlm.nih.gov/pubmed/28188968
http://dx.doi.org/10.1155/2017/5797194
http://www.ncbi.nlm.nih.gov/pubmed/28164133
http://dx.doi.org/10.1111/ggi.12828
http://www.ncbi.nlm.nih.gov/pubmed/27301335
http://dx.doi.org/10.1016/j.amjcard.2016.05.045
http://www.ncbi.nlm.nih.gov/pubmed/27324158
http://dx.doi.org/10.1371/journal.pone.0155903
http://www.ncbi.nlm.nih.gov/pubmed/27196126
http://dx.doi.org/10.1016/j.hrtlng.2015.08.004
http://www.ncbi.nlm.nih.gov/pubmed/26409897


Nutrients 2018, 10, 234 10 of 10

26. Soen, S. Diagnostic criteria for primary osteoporosis: Year 2012 revision. Clin. Calcium 2014, 24, 323–329.
[CrossRef] [PubMed]

27. Hagino, H. Revised osteoporosis diagnostic criteria and Japanese practice guideline on osteoporosis.
Clin. Calcium 2014, 24, 11–18. [PubMed]

28. Soen, S.; Fukunaga, M.; Sugimoto, T.; Sone, T.; Fujiwara, S.; Endo, N.; Gorai, I.; Shiraki, M.; Hagino, H.;
Hosoi, T.; et al. Diagnostic criteria for primary osteoporosis: Year 2012 revision. J. Bone Miner. Metab. 2013,
31, 247–257. [CrossRef] [PubMed]

29. Kanis, J.A.; Melton III, L.J.; Christiansen, C.; Johnston, C.C.; Khaltaev, N. The diagnosis of osteoporosis.
J. Bone Miner. Res. 1994, 9, 1137–1141. [CrossRef] [PubMed]

30. Shah, B.; Sucher, K.; Hollenbeck, C.B. Comparison of ideal body weight equations and published
height-weight tables with body mass index tables for healthy adults in the united states. Nutr. Clin. Pract.
2006, 21, 312–319. [CrossRef] [PubMed]

31. Fransen, J.; Creemers, M.C.; Van Riel, P.L. Remission in rheumatoid arthritis: Agreement of the disease
activity score (DAS28) with the ARA preliminary remission criteria. Rheumatology 2004, 43, 1252–1255.
[CrossRef] [PubMed]

32. Martin, R.H. The role of nutrition and diet in rheumatoid arthritis. Proc. Nutr. Soc. 1998, 57, 231–234.
[CrossRef] [PubMed]

33. Salminen, E.; Heikkila, S.; Poussa, T.; Lagstrom, H.; Saario, R.; Salminen, S. Female patients tend to alter
their diet following the diagnosis of rheumatoid arthritis and breast cancer. Prev. Med. 2002, 34, 529–535.
[CrossRef] [PubMed]

34. Gomez-Vaquero, C.; Nolla, J.M.; Fiter, J.; Ramon, J.M.; Concustell, R.; Valverde, J.; Roig-Escofet, D. Nutritional
status in patients with rheumatoid arthritis. Joint Bone Spine 2001, 68, 403–409. [CrossRef]

35. Corsonello, A.; Scarlata, S.; Pedone, C.; Bustacchini, S.; Fusco, S.; Zito, A.; Incalzi, R.A. Treating COPD in
older and oldest old patients. Curr. Pharm. Des. 2015, 21, 1672–1689. [CrossRef] [PubMed]

36. Tanaka, S.; Ito, M. Bone and nutrition. Nutrition care of renal osteodystrophy. Clin. Calcium 2015, 25,
1057–1062. [PubMed]

37. Adams, L.A.; Anstee, Q.M.; Tilg, H.; Targher, G. Non-alcoholic fatty liver disease and its relationship with
cardiovascular disease and other extrahepatic diseases. Gut 2017, 66, 1138–1153. [CrossRef] [PubMed]

38. O’Keefe, J.H.; Bergman, N.; Carrera-Bastos, P.; Fontes-Villalba, M.; DiNicolantonio, J.J.; Cordain, L.
Nutritional strategies for skeletal and cardiovascular health: Hard bones, soft arteries, rather than vice versa.
Open Heart 2016, 3. [CrossRef] [PubMed]

39. Wengreen, H.J.; Munger, R.G.; West, N.A.; Cutler, D.R.; Corcoran, C.D.; Zhang, J.; Sassano, N.E. Dietary
protein intake and risk of osteoporotic hip fracture in elderly residents of Utah. J. Bone Miner. Res. 2004, 19,
537–545. [CrossRef] [PubMed]

40. Munger, R.G.; Cerhan, J.R.; Chiu, B.C. Prospective study of dietary protein intake and risk of hip fracture in
postmenopausal women. Am. J. Clin. Nutr. 1999, 69, 147–152. [CrossRef] [PubMed]

41. Misra, D.; Berry, S.D.; Broe, K.E.; McLean, R.R.; Cupples, L.A.; Tucker, K.L.; Kiel, D.P.; Hannan, M.T. Does
dietary protein reduce hip fracture risk in elders? The Framingham osteoporosis study. Osteoporos Int. 2011,
22, 345–349. [CrossRef] [PubMed]

42. Bischoff-Ferrari, H.A.; Giovannucci, E.; Willett, W.C.; Dietrich, T.; Dawson-Hughes, B. Estimation of optimal
serum concentrations of 25-hydroxyvitamin d for multiple health outcomes. Am. J. Clin. Nutr. 2006, 84,
18–28. [CrossRef] [PubMed]

43. Holick, M.F.; Siris, E.S.; Binkley, N.; Beard, M.K.; Khan, A.; Katzer, J.T.; Petruschke, R.A.; Chen, E.;
de Papp, A.E. Prevalence of vitamin D inadequacy among postmenopausal north American women receiving
osteoporosis therapy. J. Clin. Endocrinol. Metab. 2005, 90, 3215–3224. [CrossRef] [PubMed]

44. Kostoglou-Athanassiou, I.; Athanassiou, P.; Lyraki, A.; Raftakis, I.; Antoniadis, C. Vitamin D and rheumatoid
arthritis. Ther. Adv. Endocrinol. Metab. 2012, 3, 181–187. [CrossRef] [PubMed]

© 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1007/s00774-013-0447-8
http://www.ncbi.nlm.nih.gov/pubmed/24576928
http://www.ncbi.nlm.nih.gov/pubmed/24369275
http://dx.doi.org/10.1007/s00774-013-0447-8
http://www.ncbi.nlm.nih.gov/pubmed/23553500
http://dx.doi.org/10.1002/jbmr.5650090802
http://www.ncbi.nlm.nih.gov/pubmed/7976495
http://dx.doi.org/10.1177/0115426506021003312
http://www.ncbi.nlm.nih.gov/pubmed/16772549
http://dx.doi.org/10.1093/rheumatology/keh297
http://www.ncbi.nlm.nih.gov/pubmed/15238643
http://dx.doi.org/10.1079/PNS19980036
http://www.ncbi.nlm.nih.gov/pubmed/9656325
http://dx.doi.org/10.1006/pmed.2002.1015
http://www.ncbi.nlm.nih.gov/pubmed/11969354
http://dx.doi.org/10.1016/S1297-319X(01)00296-2
http://dx.doi.org/10.2174/1381612821666150130121229
http://www.ncbi.nlm.nih.gov/pubmed/25633118
http://www.ncbi.nlm.nih.gov/pubmed/26119320
http://dx.doi.org/10.1136/gutjnl-2017-313884
http://www.ncbi.nlm.nih.gov/pubmed/28314735
http://dx.doi.org/10.1136/openhrt-2015-000325
http://www.ncbi.nlm.nih.gov/pubmed/27042317
http://dx.doi.org/10.1359/JBMR.040208
http://www.ncbi.nlm.nih.gov/pubmed/15005839
http://dx.doi.org/10.1093/ajcn/69.1.147
http://www.ncbi.nlm.nih.gov/pubmed/9925137
http://dx.doi.org/10.1007/s00198-010-1179-4
http://www.ncbi.nlm.nih.gov/pubmed/20442986
http://dx.doi.org/10.1093/ajcn/84.1.18
http://www.ncbi.nlm.nih.gov/pubmed/16825677
http://dx.doi.org/10.1210/jc.2004-2364
http://www.ncbi.nlm.nih.gov/pubmed/15797954
http://dx.doi.org/10.1177/2042018812471070
http://www.ncbi.nlm.nih.gov/pubmed/23323190
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Subjects and Methods 
	Participants 
	Demographic and Disease-Related Data 
	Dual Energy X-ray Absorptiometry Measurements 
	Geriatric Nutritional Risk Index 
	Statistical Analysis 
	Ethics Approval and Consent to Participate 

	Results 
	Relationship between GNRI, Disease Activity and BMD 
	Low GNRI Is a Risk Factor for Low BMD of the Femoral Neck 

	Discussion 
	Conclusions 
	References

