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Abstract

Background: Nutritional status affects bone fragility and related fractures. We investigated
the relationships between bone fragility fractures and nutritional indicators, including the
Geriatric Nutrition Risk Index (GNRI), Prognostic Nutrition Index (PNI), Control Nutrition
Status (CONUT) score, and body mass index (BMI). Methods: Postmenopausal female
outpatients aged 75 or older who experienced a hip fracture 2 to 4 weeks ago (hip fracture
group; G-HF) or who have no history of hip fracture without secondary osteoporosis
but have a T-score of bone mineral density less than −2.5 (primary osteoporosis group;
G-POP) were studied using both cross-sectional and longitudinal methods. Variables,
including blood test results, T-scores, and nutritional indicators at baseline, were compared
between the two groups using a crude dataset and after propensity score matching (PSM).
Correlations between hip fracture (HF) and baseline variables were statistically analyzed.
The relationship between nutritional indicators and the development of subsequent major
osteoporotic fractures (MOFs) after baseline was examined, and the relationship between
dietary indicators and functional capacity was also investigated. Results: A total of
1201 patients were recruited from these 113 G-HF and 1088 G-POP groups (crude dataset),
of whom 113 were included after PSM. There were many differences between the two
groups using the crude dataset. However, no items were significantly different after PSM
except for white blood cell count (WBC) and serum phosphorus levels. GNRI < 105.5
demonstrated a typical regression curve regarding prevalent hip fractures. Developing
MOF was significantly correlated with T-scores in the femoral neck and the presence of a
prevalent fragility fracture. PNI and GNRI demonstrated a significant correlation between
functional capacity; however, there was no correlation with the development of MOF.
Conclusions: GNRI < 105.5 was significantly correlated with the presence of hip fracture,
although no significant association was found with the development of MOF.

Keywords: osteoporosis; hip fracture; GNRI; PNI; CONUT; BMI

1. Introduction
Fragility fractures of the bone are often overlooked in terms of medical costs and as a

social issue in Japan, the world’s oldest society [1,2]. The care level needed is more severe
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after fractures, and the rise in mortality rates, especially among postmenopausal, older
women, is well known [3–5].

It is also well-known that nutritional status affects the prognosis of bone fragility
fractures. Studies have shown that postoperative outcomes for these fractures, including
those of the vertebral body, proximal femur, and distal radius, are closely connected to
undernutrition [6–17]. Presumably, poor nutritional status causes muscle loss, which
significantly contributes to bone fragility and leads to decreased bone strength and an
increased risk of falls [18].

Poor nutritional status can also serve as a prognostic factor for complications, includ-
ing severe infections following a fracture, and various indicators have been studied and
reported as risk factors [19–21]. The most common ones are the Geriatric Nutritional Risk
Index (GNRI), Prognostic Nutritional Index (PNI), and Controlling Nutrition Status Score
(CONUT). However, few reports compare which of these indices are better predictors of
prognosis [22,23].

We used a retrospective case–control dataset to analyze the relationship between
nutritional status indicators, serum chemistry data, bone metabolism markers, bone mineral
density, and the occurrence of subsequent fragility fractures statistically. We used the
STROBE checklist to confirm the study and report validation (Supplementary Table S1).
This study aims to identify the most appropriate indicator for predicting the onset and
prognosis of proximal femoral fractures.

2. Materials and Methods
We recruited patients with postoperative hip fracture (HF) who had surgery two to

four weeks before visiting our institute (G-HF) and postmenopausal women aged 75 or
older with previously diagnosed primary osteoporosis without prior osteoporotic fractures
(G-POP) who visited our institute from June 2013 to May 2021. The diagnosis of primary
osteoporosis was based on the criteria established by the Japan Osteoporosis Society, which
include minimum T-scores of <−2.5, representing less than −2.5 standard deviations based
on bone mineral density in a healthy thirty-aged population of the same sex, in the lumbar
spine or proximal femur and no history of osteoporotic fractures. Additionally, patients
had no secondary causes of osteoporosis, such as hyperparathyroidism, hyper- or hypo-
adrenalism, or other metabolic bone disorders [24]. The date of diagnosis served as the
baseline. Several cross-sectional and longitudinal statistical analyses were performed on
these patients, as shown in Figure 1.

2.1. Cross-Sectional Studies
2.1.1. Study A: Comparison of Variables Between the Two Groups at Baseline

We examined bone mineral density (BMD) using dual-energy X-ray absorptiometry,
from which T-scores were measured in the lumbar spine (LS), femoral neck (FN), and total
hip (TH) regions. At the same time, blood tests, such as tests for serum albumin level
(ALB), C-reactive protein (CRP), white blood cell count (WBC), blood lymphocyte count
(Lymph), hemoglobin (Hgb), serum total cholesterol level (T-chol), serum creatinine level
(Cr), serum cystatin C level (CysC), serum calcium level (Ca), serum phosphorus level
(IP), alkaline phosphatase (ALP), para-thyroid hormone (PTH), type-1 procollagen-N-pro-
peptide (P1NP), and tartrate-resistant acid phosphatase-5b (TRACP-5b) were performed
at baseline. The estimated glomerular filtration rate (eGFR) based on Cr (eGFR_Cr) and
CysC (eGFR_CysC) could be calculated. Nutritional indices, such as body mass index
(BMI), GNRI, PNI, and CONUT, were also calculated. We used body weight just before
the operation in the G-HF for the calculation of these indices and at the measurement
of BMD in the G-POP, and used height at the measurement of BMD in both groups. We
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compared the following variables between the G-HF and the crude dataset of G-POP using
the Mann–Whitney U-test (Study A1).

Figure 1. Flowchart of this study.

Calculation formulae of these indices are as follows: BMI, body weight (kg) per
square height (m2); GNRI, 14.89 times ALB (g/dL) plus 41.7 times current body weight
(kg) per ideal body weight (kg) (ideal body weight in women: (height (cm) − 100) −
[(height − 150)/2.5]); PNI, ten times ALB (g/dL) + 0.005 times Lymph (/mm3); CONUT
score, If (ALB ≥ 3.5; 0, or 3.5 > ALB and ALB ≥ 3.0; 2, or 3.0 > ALB and ALB ≥ 2.5; 4, or
2.5 > ALB, 6) plus If (T-chol ≥ 180; 0, or 180 > T-chol and T-chol ≥ 140; 1, or 140 > T-chol
and T-chol ≥ 100; 2, or 100 > T-chol; 3) plus If (Lymph ≥ 1600; 0, or 1600 > Lymph and
Lymph ≥ 1200; 1, or 1200 > Lymph and Lymph ≥ 800; 2 or 800 > Lymph; 3). The calculation
formulae for the indices are shown in Table 1.

Table 1. Calculation formulae for the nutritional indices.

Index Name Source Formula in Detail

BMI height, weight weight/square height (m2)
GNRI ALB, height, weight 14.89 × ALB + [41.7 × weight/ideal body weight]
PNI ALB, Lymph 10 × ALB + 0.005 × Lymph

CONUT
score

ALB, T-chol, Lymph

(ALB ≥ 3.5, 0; 3.5 > ALN ≥ 3.0, 2; 3.0 > ALB ≥ 2.5, 4;
2.5 > ALB, 6) plus

(T-chol ≥ 180, 0; 180 > T-chol ≥ 140, 1;
140 > T-chol ≥ 100, 2; 100 > T-chol, 3) plus
(Lymph ≥ 1600, 0; 1600 > Lymph ≥ 1200, 1;

1200 > Lymph ≥ 800, 2; 800 > Lymph, 3)
Ideal body weight; (height (cm) − 100) − [(height − 150)/2.5] (woman), (height (cm) − 100) − [(height −
150)/4.0] (man). Units: weight, kg; height, m (in BMI), cm (in GNRI); ALB, g/dL; Lymph, /mm3; T-chol, mg/dL.
Abbreviations: BMI, body mass index; GNRI, geriatric nutritional risk index; PNI, prognostic nutritional index;
CONUT, controlling nutrition status score; ALB, serum albumin level; Lymph, blood lymphocyte count; T-chol,
total cholesterol.

Next, age and T-scores in the two groups were balanced using the G-POP’s propensity
score matching technique (PSM: prespecified with age and T-score in the FN; matching
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ratio, 1:1; caliper width, 0.1; nearest neighbor algorithm; without replacement; cases with
missing data were excluded), and then, parameters between the G-HF and G-POP after
PSM were compared using the Mann–Whitney U test (Study A2, as shown in Figure 1).

2.1.2. Study B: Associations Between HF Incidence and Variables at Baseline

We also examined the associations between the incidence of HF and these variables
from the crude dataset using binary logistic regression. They were assessed with both
univariate and multivariate models of the significant variables.

2.1.3. Study C: Associations Between Nutritional Indices and the Other Variables
at Baseline

Using a best subsets regression analysis, nutritional indices such as GNRI, PNI,
CONUT score, and BMI were evaluated for their correlation with other variables. Re-
gression coefficients and significant variables for each nutritional index were compared.

2.1.4. Study D: Determining the Cut-Off Index of Each Nutritional Index for Developing
HFs Using Receiver Operating Characteristic Curve Analysis

Each nutritional index was evaluated using receiver operating characteristic (ROC)
curve analysis for the absence of HF, since each index has an inverse relationship with the
development of HF. It is assumed that the risk of developing HF decreases as nutritional
status improves. The area under the curve (AUC), cut-off index (COI), and the statistical
significance of the COI for each index were assessed.

2.2. Longitudinal Studies
2.2.1. Study E: Associations Between Subsequent Major Osteoporotic Fracture and
Variables After Baseline

All patients in the crude dataset of G-POP and G-HF were followed up. Our primary
endpoint is the presence of a major osteoporotic fracture (MOF) after baseline. We selected
patients who had at least two years of follow-up and patients who censored MOF. MOF
is defined as a vertebral fracture, a hip fracture, a proximal humerus fracture, and a wrist
fracture. The diagnosis of MOF is derived from the medical record with the medical code.
Patients who dropped out for any reason without developing incident MOF within two
years after baseline were excluded. The relationship between the occurrence of MOF after
baseline and the baseline variables was assessed using a Cox regression analysis.

2.2.2. Study F: Association Between Nutritional Indices and Functional Capacity
After Baseline

In the same population used in Study E, the associations between nutritional indices
such as BMI, PNI, GNRI, and CONUT score and functional capacity, including BI after
baseline, were evaluated using linear regression analysis.

2.3. Additional Test Regarding the Correlation Between BMI and the Variables

As an additional test, the correlation between BMI and the variables examined in these
study series at baseline was assessed using a best-subsets regression analysis.

The study protocol is shown in Figure 1.

3. Results
A total of 1894 patients were selected. Of those, 178 were men, and 1716 were

women. We extracted a total of 1201 postmenopausal female patients from these. Of
the 1201 patients, 1088 were included in the G-POP and 113 in the G-HF (Figure 1).
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3.1. Cross-Sectional Studies
3.1.1. Study A: Comparison of Variables Between the Two Groups at Baseline

Demographics are demonstrated in Table 2. There are many variables that demonstrate
a significant difference between G-HF and G-POP.

Table 2. Demographic characteristics of the crude dataset and in groups pre- and post-propensity
score matching.

In All
(N = 1201)

G-HF
(N = 113)

G-POP p-Value

(Crude: N = 1088) (Post-PSM: N = 113)

G-HF
vs.

G-POP
(Crude)

G-HF
vs.

G-POP
(Post-
PSM)

age 84.6 ± 5.8 87.8 ± 5.8 84.3 ± 5.7 87.8 ± 5.8 <0.001 0.99
T-score in the LS −2.5 ± 1.5 −2.7 ± 1.5 −2.5 ± 1.5 −2.7 ± 1.7 0.32 0.63
T-score in the FN −2.4 ± 0.9 −2.9 ± 0.8 −2.3 ± 0.9 −2.9 ± 0.8 <0.001 0.93
T-score in the TH −2.3 ± 1.0 −3.0 ± 1.0 −2.2 ± 0.8 −2.8 ± 0.8 <0.001 0.11
minimum T-score −3.0 ± 1.0 −3.4 ± 0.9 −3.0 ± 1.0 −3.4 ± 0.9 <0.001 0.50
Albumin, g/dL 4.1 ± 0.3 4.0 ± 0.4 4.1 ± 0.3 4.0 ± 0.3 <0.001 0.13

CRP, mg/dL 0.45 ± 1.47 0.89 ± 2.94 0.40 ± 1.22 0.33 ± 0.93 <0.01 0.05
WBC, /mm3 5655 ± 1769 6119 ± 1669 5606 ± 1774 5387 ± 1534 <0.001 <0.001

lymphocyte, /mm3 1561 ± 607 1513 ± 482 1566 ± 618 1469 ± 558 0.90 0.17
Hgb, g/dL 11.8 ± 1.5 11.7 ± 1.3 11.9 ± 1.5 11.6 ± 1.4 0.07 0.80

T-chol, mg/dL 198.9 ± 36.3 196.5 ± 36.8 199.2 ± 39.3 200.1 ± 38.4 0.48 0.43
BMI 22.3 ± 3.7 21.4 ± 3.9 22.4 ± 3.7 21.9 ± 3.3 <0.05 0.38

GNRI 101.6 ± 11.1 99.2 ± 10.4 101.8 ± 11.2 100.3 ± 10.0 <0.01 0.28
PNI 48.5 ± 4.7 47.3 ± 4.9 48.7 ± 4.7 47.6 ± 4.4 <0.05 0.89

CONUT score 1.4 ± 1.4 1.5 ± 1.4 1.4 ± 1.4 1.6 ± 1.3 0.60 0.29
Cr, mg/dL 0.81 ± 0.42 0.78 ± 0.26 0.81 ± 0.43 0.80 ± 0.29 0.46 0.97

CysC, mg/dL 1.28 ± 0.46 1.30 ± 0.30 1.28 ± 0.48 1.34 ± 0.40 <0.01 0.97
Calcium, mg/dL 9.1 ± 0.5 9.1 ± 0.5 9.1 ± 0.5 9.2 ± 0.5 0.21 0.60

IP, mg/dL 3.5 ± 0.6 3.6 ± 0.5 3.5 ± 0.6 3.4 ± 0.6 <0.05 <0.01
ALP, IU/dL 207.0 ± 95.5 216.9 ± 94.5 206.1 ± 95.6 219.3 ± 82.8 0.33 0.51
PTH, IU/mL 41.5 ± 28.9 37.0 ± 18.7 42.0 ± 29.7 46.6 ± 40.3 0.06 0.12

TRACP-5b, mU/dL 382.4 ± 191.6 385.0 ± 159.7 382.2 ± 196.8 413.0 ± 238.9 0.36 0.87
P1NP, ng/mL 44.0 ± 41.0 49.5 ± 43.6 43.4 ± 40.7 49.4 ± 47.1 0.09 0.91

eGFR_Cr,
mL/min/1.73 m2 58.2 ± 19.3 56.9 ± 16.8 58.4 ± 19.6 56.5 ± 16.8 0.27 0.95

eGFR_CysC,
mL/min/1.73 m2 51.0 ± 17.2 46.6 ± 11.3 51.4 ± 17.6 46.9 ± 15.2 <0.01 0.95

Abbreviations: G-HF, a patient group who have presented hip fracture two to four weeks before the baseline;
G-POP, a patient group who have no history of hip fracture and the T-score was less than −2.5 at the baseline; LS,
lumbar spine; FN, femoral neck; TH, total hip; WBC, white blood cell count; Hgb, hemoglobin; T-chol, serum total
cholesterol level; BMI, body mass index; GNRI, geriatric nutritional risk index; PNI, prognostic nutritional index;
CONUT, controlling nutritional status; Cr, creatinine; CysC, cystatin C; IP, phosphorus; ALP, alkaline phosphatase;
PTH, parathyroid hormone; TRACP-5b, tartrate resistant acid phosphatase-5b; P1NP, type-1 procollagen-N-pro-
peptide; eGFR_Cr, estimated glomerular filtration ratio based on creatinine; eGFR_CysC, estimated glomerular
filtration ratio based on cystatin C.

Since the mean age of the G-HF group was significantly higher than that of the G-POP
group, as indicated by the crude data, age could be a confounding factor. Therefore, PSM
was used to adjust the G-POP group’s age for better matching. No cases from the G-HF
group were excluded. After PSM, the variables of the G-POP group were 87.8 ± 5.8 years
old; −2.7 ± 1.7 (T-score in the LS); −2.9 ± 0.8 (T-score in the FN); −2.8 ± 0.8 (T-score
in the TH); −3.4 ± 0.9 (minimum T-score in these); 4.0 ± 0.3 g/dL (ALB); 5387 ± 1534
(/mm3) (WBC); 1469 ± 558 (/mm3) (Lymph); 11.6 ± 1.4 g/dL (Hgb); 200.1 ± 38.4 mg/dL
(T-chol); 21.9 ± 3.3 (BMI); 100.3 ± 10.0 (GNRI); 47.6 ± 4.4 (PNI); 1.6 ± 1.3 (CONUT);
0.80 ± 0.29 (mg/dL) (Cr); 1.34 ± 0.40 (mg/dL) (CysC); 9.2 ± 0.5 (mg/dL) (Ca, corrected
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with ALB); 3.4 ± 0.6 (mg/dL) (IP); 219.3 ± 82.8 (IU/dL) (ALP); 46.6 ± 40.3 (IU/mL)
(PTH); 413.0 ± 238.9 (mU/dL) (TRACP-5b); 49.4 ± 47.1 (ng/mL) (P1NP); 56.5 ± 16.8
(mL/min/1.73 m2) (eGFR_Cr); and 46.9 ± 15.2 (mL/min/1.73 m2) (eGFR_CysC), respec-
tively (Table 1). These data showed that WBC levels were significantly higher in the G-HF
group compared to the G-POP group (6119 vs. 5387; p < 0.001), and IP was also signifi-
cantly higher in the G-HF group (3.6 vs. 3.4; p < 0.01). The other variables did not differ
significantly between the groups (Table 2).

3.1.2. Study B: Associations Between HF Incidence and Variables at Baseline

In the study regarding the correlations between HF incidence and other factors in G-
HF and G-POP with the crude dataset, older age, lower T-score in the FN, T-score in the TH,
minimum T-score, lower ALB, more elevated CRP and WBC, lower BMI, GNRI, and PNI,
higher IP, and lower eGFR_CysC correlated with the incidence of HF using a univariate
model. Lower T-score in the TH, higher minimum T-score, lower ALB, more elevated WBC,
lower BMI, and higher GNRI were significantly correlated with the incidence of HF using a
multivariate model (Table 3).

Table 3. Correlations between the hip fracture and variables at baseline using a binary logistic
regression analysis.

Univariate Model Multivariate Model

Odds Ratio
(95% CI) p-Value Odds Ratio

(95% CI) p-Value

age 1.11 (1.07–1.15) <0.001 0.97 (0.90–1.05) 0.45
T-score in the LS 0.91 (0.80–1.05) 0.21
T-score in the FN 0.51 (0.40–0.64) <0.001 0.52 (0.23–1.15) 0.11
T-score in the TH 0.46 (0.37–0.57) <0.001 0.24 (0.09–0.61) <0.01
minimum T-score 0.64 (0.53–0.78) <0.001 2.23 (1.11–4.47) <0.05
Albumin, g/dL 0.37 (0.21–0.66) <0.001 0.00 (0.00–0.00) <0.01

CRP, mg/dL 1.14 (1.04–1.24) <0.01 0.98 (0.85–1.13) 0.78
WBC, /mm3 1.00 (1.00–1.00) <0.01 1.00 (1.00–1.00) <0.01

lymphocyte, /mm3 1.00 (1.00–1.00) 0.38
Hgb, g/dL 0.91 (0.80–1.03) 0.15

T-chol. mg/dL 1.00 (0.99–1.00) 0.45
BMI 0.93 (0.88–0.99) <0.05 0.00 (0.00–0.09) <0.01

GNRI 0.98 (0.97–1.00) <0.05 33.13 (3.94–278.9) <0.01
PNI 0.94 (0.90–0.98) <0.01 1.02 (0.88–1.18) 0.83

CONUT score 1.04 (0.91–1.20) 0.57
Cr, mg/dL 0.79 (0.45–1.40) 0.39

CysC, mg/dL 1.08 (0.70–1.66) 0.75
Calcium, mg/dL 1.11 (0.84–1.47) 0.45

IP, mg/dL 1.46 (1.02–2.09) <0.05 1.75 (0.87–3.52) 0.12
ALP, IU/dL 1.00 (1.00–1.00) 0.28
PTH, IU/mL 0.99 (0.98–1.00) 0.06

TRACP-5b, mU/dL 1.00 (1.00–1.00) 0.88
P1NP, ng/mL 1.00 (1.00–1.00) 0.18

eGFR_Cr, mL/min/1.73 m2 1.00 (0.99–1.00) 0.44
eGFR_CysC, mL/min/1.73 m2 0.98 (0.97–1.00) <0.01 1.00 (0.97–1.03) 0.96

Abbreviations: G-HF, a patient group who have presented hip fracture two to four weeks before the baseline;
G-POP, a patient group who have no history of hip fracture and the T-score was less than −2.5 at the baseline; LS,
lumbar spine; FN, femoral neck; TH, total hip; WBC, white blood cell count; Hgb, hemoglobin; T-chol, serum total
cholesterol level; BMI, body mass index; GNRI, geriatric nutritional risk index; PNI, prognostic nutritional index;
CONUT, controlling nutritional status; Cr, creatinine; CysC, cystatin C; IP, phosphorus; ALP, alkaline phosphatase;
PTH, parathyroid hormone; TRACP-5b, tartrate resistant acid phosphatase-5b; P1NP, type-1 procollagen-N-pro-
peptide; eGFR_Cr, estimated glomerular filtration ratio based on creatinine; eGFR_CysC, estimated glomerular
filtration ratio based on cystatin C.

3.1.3. Study C: Associations Between Nutritional Indices and the Other Variables
at Baseline

In the best subsets regression analysis, GNRI exhibited higher regression coefficients
of 0.558 compared to 0.535 for PNI, 0.403 for the CONUT score, and 0.506 for BMI. Age was
significantly associated with PNI and CONUT scores but showed no significant correlation
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with GNRI and BMI. Conversely, T-scores at each bone site were strongly linked to GNRI
and BMI, while no significant association was observed with PNI and CONUT scores.
CRP was only correlated with PNI. Blood cell count and T-cholesterol levels significantly
correlated with all indices except T-chol, which showed no significant relationship with
BMI. Creatinine (Cr) and calcium (Ca) significantly correlated with GNRI, but no significant
association was found with PNI, CONUT score, or BMI. In contrast, intact parathyroid
hormone (IP) was significantly correlated with PNI, CONUT score, and BMI, but not with
GNRI. Alkaline phosphatase (ALP) showed a significant negative correlation with GNRI,
PNI, and BMI, whereas parathyroid hormone (PTH) correlated positively with GNRI and
PNI. The incidence of heart failure (HF) was only significantly associated with BMI and not
with GNRI, PNI, or CONUT scores (Table 4).

Table 4. Correlations between nutritional indices and variables using best subsets regression analysis.

Variables GNRI PNI CONUT Score BMI

R 0.558 0.535 0.403 0.506

age 0.89 <0.01 <0.01 0.09

T-score in the LS <0.01 0.15 0.73 <0.01

T-score in the FN 0.08 0.59 0.72 <0.05

T-score in the TH <0.05 0.64 0.89 <0.01

minimum T-score 0.06 0.37 0.57 0.06

ALB - - - 0.50

CRP 0.24 <0.01 0.25 0.37

WBC <0.001 <0.001 <0.001 <0.01

Lymphocyte <0.001 - - <0.001

Hgb <0.001 <0.001 <0.001 <0.001

T-chol <0.001 <0.001 - 0.90

Cr <0.01 0.05 0.91 0.19

CysC 0.50 0.06 0.51 0.29

Calcium <0.01 0.14 1.00 0.66

IP 0.53 <0.05 <0.01 <0.05

ALP <0.001 <0.01 0.27 <0.05

PTH <0.01 <0.01 0.15 0.22

TRACP-5b 0.25 0.29 0.29 0.31

P1NP 0.46 0.49 0.31 0.31

Hip Fracture 0.21 0.50 0.54 <0.05
Columns colors in the background present statistical strength, as ■ presented p < 0.001, ■ presented p < 0.01,
and ■ presented p < 0.05. Italic style represents a negative correlation. Abbreviation: R, regression coefficients;
GNRI, geriatric nutritional risk index; PNI, prognostic nutritional index; CONUT, controlling nutritional status;
BMI, body mass index; R, regression coefficients; LS, lumbar spine; FN, femoral neck; TH, total hip; ALB, serum
albumin level; CRP, serum C-reactive protein level; WBC, white blood cell count; Hgb, hemoglobin; T-chol, serum
total cholesterol level; Cr, serum creatinine level; CysC, serum cystatin C level; IP, serum phosphorus level; ALP,
serum alkaline phosphatase level; PTH, serum parathyroid hormone level; TRACP-5b, serum tartrate-resistant
acid phosphatase-5b level; P1NP, serum type-1 procollagen-N-pro-peptide level; Hip fracture, presence of hip
fracture at the baseline.

3.1.4. Study D: Determining the Cut-Off Index of Each Nutritional Index for Developing
HFs Using Receiver Operating Characteristic Curve Analysis

The ROC study revealed that a GNRI ≥ 99.4 was the COI for no HF with 0.583 of the
AUC (p < 0.05). However, the ROC curve appears biphasic, with a separation in the zone
where the sensitivity is 0.322 (105.5 for GNRI). The graph with the reference line was almost
linear in the GNRI ≥ 105.5. On the other hand, in the GNRI < 105, a more significant curve
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was shown (Figure 2A). When patients were narrowed to GNRI < 105.5, the ROC curve
showed a more clearly significant result, and the COI was ≥99.4 for no HF, with an AUC of
0.672, sensitivity of 0.458, and specificity of 0.831 (p < 0.001) (Figure 2B).

Figure 2. Results of receiver operation characteristics curve study for not presenting hip fracture.
(A): Regarding GNRI (B): Regarding GNRI in lower than 105.5 zone (C): Regarding PNI
(D): Regarding BMI.

PNI showed a COI > 46.9 for no HF with 0.565 of the AUC, and sensitivity and
specificity were 0.652 and 0.469, respectively (p < 0.05) (Figure 2C). BMI showed a similar
curve to PNI, with >21.2 for no HF and 0.567 for the AUC. Sensitivity and specificity
were 0.600 and 0.568, respectively. (p < 0.05) (Figure 2D). CONUT score showed no
significant COI.

3.2. Longitudinal Studies
3.2.1. Study E: Associations Between Subsequent Major Osteoporotic Fracture and
Variables After Baseline

Of the 1201 patients, 1146 could be followed up. One hundred nine in G-HF and 1037
in G-POP were included (Figure 1). Follow-up lengths ranged from one to eighty-five
months, with a mean of 31.4 months and a standard deviation of 16.2 months. Development
of MOF counted 23 in the G-HF (21.1%) and 69 in the G-POP (6.1%). T-score in the FN,
T-score in the TH, and the presence of HF at baseline had significantly higher risk ratios for
developing incidental MOF in a Cox regression analysis using a univariate model. In these,
the T-score in the FN demonstrated a significantly lower risk ratio (p < 0.05), whereas the
presence of HF demonstrated a significantly higher risk ratio (p < 0.001) using a multivariate
model (Schoenfield residuals; −0.05435). No nutritional indices had substantially higher or
lower risk ratios (Table 5). Results of the associations between fractures and dietary indices
are displayed in Supplementary Table S2.
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Table 5. Results of a Cox regression analysis for the development of major osteoporotic fracture by
gathering the crude dataset of G-POP and G-HF.

Univariate Model Multivariate Model

Risk Ratio
(95%CI) p-Value Risk Ratio

(95%CI) p-Value

age 0.97 (0.93–1.01) 0.10
T-score in the LS 0.94 (0.82–1.08) 0.40
T-score in the FN 0.70 (0.56–0.87) <0.001 0.63 (0.39–1.00) <0.05
T-score in the TH 0.75 (0.61–0.93) <0.01 1.27 (0.82–1.97) 0.28
minimum T-score 0.84 (0.69–1.03) 0.09
Albumin, g/dL 1.26 (0.62–2.54) 0.53

CRP, mg/dL 0.97 (0.78–1.20) 0.76
WBC, /mm3 1.00 (1.00–1.00) 0.76

lymphocyte, /mm3 1.00 (1.00–1.00) 1.00
Hgb, g/dL 0.89 (0.77–1.02) 0.09

T-CHOL. mg/dL 1.00 (0.99–1.00) 0.57
BMI 0.98 (0.93–1.04) 0.53

GNRI 1.00 (0.98–1.02) 0.66
PNI 1.02 (0.96–1.05) 0.94

CONUT score 0.96 (0.82–1.13) 0.65
Cr, mg/dL 0.70 (0.34–1.44) 0.33

CysC, mg/dL 0.72 (0.41–1.28) 0.26
Calcium, mg/dL 0.85 (0.55–1.31) 0.45

IP, mg/dL 1.15 (0.78–1.68) 0.48
ALP, IU/dL 1.00 (1.00–1.00) 0.16
PTH, IU/mL 1.00 (0.99–1.01) 0.39

TRACP-5b, mU/dL 1.00 (1.00–1.00) 0.39
P1NP, ng/mL 1.00 (0.99–1.01) 1.00

eGFR_Cr, mL/min/1.73 m2 1.00 (0.99–1.01) 0.94
eGFR_CysC, mL/min/1.73 m2 1.00 (0.99–1.02) 0.47

prevalent fragility fracture 3.93 (2.45–6.30) <0.001 3.86 (2.32–6.40) <0.001
Abbreviations: G-HF, a patient group who have presented hip fracture two to four weeks before the baseline;
G-POP, a patient group who have no history of hip fracture and the T-score was less than −2.5 at the baseline;
LS, lumbar spine; FN, femoral neck; TH, total hip; WBC, white blood cell count; Hgb, hemoglobin; T-CHOL,
serum total cholesterol level; BMI, body mass index; GNRI, geriatric nutritional risk index; PNI, prognostic
nutritional index; CONUT, controlling nutritional status; Cr, creatinine; CysC, cystatin C; IP, phosphorus; ALP,
alkaline phosphatase; PTH, parathyroid hormone; TRACP-5b, tartrate resistant acid phosphatase-5b; P1NP, type-1
procollagen-N-pro-peptide; eGFR_Cr, estimated glomerular filtration ratio based on creatinine; eGFR_CysC,
estimated glomerular filtration ratio based on cystatin C.

3.2.2. Study F: Association Between Nutritional Indices and Functional Capacity
After Baseline

Mean values for BMI, PNI, GNRI, CONUT score, and Barthel Index (BI) were 22.3 (SD:
3.7), 48.5 (SD: 4.7), 101.7 (SD: 10.8), 1.4 (SD: 1.3), and 62.3 (SD: 27.6), respectively. BI in the
G-HF and G-POP groups was 51.3 (SD: 27.0) and 64.0 (SD: 27.3). BI in the G-HF group was
significantly lower than in the G-POP group (p < 0.05). PNI and GNRI at baseline were
significantly correlated with the BI after baseline, with regression coefficients of 0.19 and
0.15, respectively (p < 0.001); however, BMI and CONUT scores did not show significant
correlations (Table 6).

Table 6. Correlation between nutritional indices and Barthel Index.

Index Mean Value
(S.D.) R Coefficients (95%CI) p-Value

BMI 22.3 (3.7) 6.7 × 10−2 0.01 (−0.56–0.58) 0.98
PNI 48.5 (4.7) 0.19 1.13 (0.71–1.55) <0.001

GNRI 101.7 (10.8) 0.15 0.42 (0.22–0.62) <0.001
CONUT 1.4 (1.3) 1.2 × 10−3 −1.27 (−2.67–0.13) 0.08

ALB 4.1 (0.3) 0.23 18.6 (12.7–24.5) <0.001
Nutritional indices are values at baseline, and the Barthel Index is the mean value after baseline. Abbreviations:
S.D., standard deviation; R, regression coefficients; BMI, body mass index; PNI, prognostic nutritional index;
GNRI, geriatric nutritional risk index; CONUT, control nutrition status score; ALB, serum albumin level.



Osteology 2025, 5, 32 10 of 15

3.3. Additional Test Regarding the Correlation Between BMI and the Variables

The most significant variable that correlates with BMI was the minimum T-score
followed by Lymphocyte, Hgb, and Cr. These variables were significantly correlated at
p < 0.001. T-scores in the LS and TH were correlated when the variables were three, and
they diminished the significance in the minimum T-score. The correlation coefficients were
0.506 at most variables were assessed (Table 7).

Table 7. Correlation between BMI and variables using a best subsets regression analysis.

Variables 1 2 3 4 5 6 7 8 9 10

R 0.358 0.429 0.445 0.46 0.471 0.478 0.483 0.487 0.49 0.493

age <0.05 <0.05 <0.05 <0.05

T-score in the LS <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

T-score in the FN

T-score in the TH <0.001 <0.001 <0.001 <0.001 <0.001

minimum T-score <0.001 <0.001 <0.001 <0.001 <0.001

ALB

CRP

WBC <0.01 <0.05 <0.05 <0.01 <0.05

Lymphocyte <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Hgb <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

T-chol

Cr <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

CysC

Calcium

IP <0.05 <0.05 <0.05 <0.05

ALP <0.05

PTH

TRACP-5b <0.05

P1NP

presence of HF 0.05

Variables 11 12 13 14 15 16 17 18 19 20

R 0.497 0.499 0.502 0.503 0.504 0.504 0.505 0.506 0.506 0.506

age <0.05 <0.05 <0.05 <0.05 0.1 0.1 0.1 0.09 0.09 0.09

T-score in the LS <0.001 <0.001 <0.001 <0.001 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

T-score in the FN 0.11 0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05

T-score in the TH <0.001 <0.001 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

minimum T-score 0.07 0.08 0.06 0.06 0.06 0.06 0.06 0.06

ALB 0.42 0.47 0.5

CRP 0.4 0.36 0.36 0.37

WBC <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

Lymphocyte <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Hgb <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

T-chol 0.9

Cr <0.001 <0.001 <0.001 <0.001 0.08 0.18 0.17 0.2 0.19 0.19

CysC 0.26 0.24 0.25 0.23 0.28 0.29

Calcium 0.65 0.66

IP <0.01 <0.01 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
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Table 7. Cont.

ALP <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.01 <0.05 <0.05 <0.05

PTH 0.27 0.24 0.23 0.22 0.24 0.22 0.22

TRACP-5b <0.05 <0.05 <0.05 <0.05 <0.05 0.3 0.29 0.3 0.31 0.31

P1NP 0.36 0.36 0.32 0.31 0.31

presence of HF <0.05 <0.05 0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05

In columns, colors in the background present statistical strength, as ■ presented p < 0.001, ■ presented p < 0.01,
and ■ presented p < 0.05. Italic style represents a negative correlation. Abbreviation: R, regression coefficients;
BMI, body mass index; R, regression coefficients; LS, lumbar spine; FN, femoral neck; TH, total hip; ALB, serum
albumin level; CRP, serum C-reactive protein level; WBC, white blood cell count; Hgb, hemoglobin; T-chol, serum
total cholesterol level; Cr, serum creatinine level; CysC, serum cystatin C level; IP, serum phosphorus level; ALP,
serum alkaline phosphatase level; PTH, serum parathyroid hormone level; TRACP-5b, serum tartrate resistant
acid phosphatase-5b level; P1NP, serum type-1 procollagen-N-pro-peptide level; Hip fracture, presence of hip
fracture at the baseline.

4. Discussion
There is near consensus, as shown in numerous reports, that poor nutritional status

worsens prognosis after trauma, including fractures, and in chronic inflammatory diseases
like rheumatoid arthritis [25–34].

The primary indicators of nutritional status include GNRI, PNI, CONUT, and BMI.
GNRI is calculated using serum albumin levels and the difference between current and
ideal body weight. Therefore, it incorporates ALB, body weight, and height. PNI uses ALB
and lymphocyte count as components. The CONUT score uses the same components as
PNI but also includes T-chol. BMI is based on body weight and height. Some variables
overlap, and individual indicators are interconnected.

In selecting subjects, we focused on women and individuals aged 75 or older because
this group has the highest risk of hip fracture. We used weight measurements taken just
before surgery in patients of the G-HF group after hip fracture, as they were transferred
to the convalescent ward two weeks after hip fracture surgery in the acute care hospital
by the Clinical Pathway with Regional Alliance [35]. There were many opportunities for
blood collection and bone density testing at that time, which facilitated data collection.

There was a notable difference in nutritional indices such as BMI, GNRI, and PNI
between the G-HF and G-POP groups in an initial dataset. At the same time, many factors
showed significant differences between the two groups, including T-scores around the
hip joint and blood data with ALB, CRP, WBC, CysC, IP, and eGFR_CysC. We selected
outpatients with no history of fragility fracture as the control group, but because there was a
significant age difference, we used PSM to balance these variables. As a result, no significant
differences were observed except for WBC and IP, as shown in Table 1. Interestingly, WBC
showed a substantial difference, likely due to a sustained inflammatory response. However,
there was no significant difference in CRP during the postoperative state. The higher IP in
G-HF was also attributed to active bone metabolism effects. Nonetheless, there were no
significant differences in markers of bone metabolism.

Binary logistic regression analysis revealed significant correlations with HF for T-score
in the TH, WBC, ALB, BMI, and GNRI. Bone mineral density in the proximal femur was
more predictable than in the vertebral body, and WBC was also predictable based on the
results of the Mann–Whitney U test. Interestingly, despite BMI and GNRI containing
standard components, BMI was inversely correlated, while GNRI was positively correlated
with the occurrence of HF. The inverse association between BMI and HF suggests that
taller individuals have a lower risk of developing HF. Conversely, GNRI was positively
correlated with HF in a multivariate model but negatively correlated in a univariate model,
indicating a biphasic relationship with HF development. As shown in Table 3, GNRI has
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a strong inverse correlation with WBC, whereas WBC has a strong positive correlation
with HF.

Furthermore, ALB, a component of GNRI, also has a strong inverse correlation with
HF, and a high GNRI is likely to offset the correlation with HF. When GNRI exceeds 105.5
in ROC, there is no correlation with the development of HF. Still, considering that the
most significant correlation with not developing HF is established when GNRI surpasses
99.4 within 105.5, it is reasonable to assume that GNRI’s correlation with avoiding HF
development is limited to a specific range, resulting in an overall lack of correlation
with HF.

BMI is also inversely related to WBC but positively related to T-scores. Although
GNRI is not as strongly correlated as T-scores and BMI, this might explain why HF is
inversely associated with BMI. However, in the best subsets regression analysis, BMI is the
only nutritional indicator positively linked to HF, which contradicts the results from the
binary logistic regression analysis. There may be a notable connection between BMI and
HF, but it is not a strong one. This is because HF showed no significant correlation in the
best subsets regression analysis as the number of independent variables decreased. HF
occurs when there are nine or more independent variables. The relationship between HF
and BMI changed significantly after nine variables (see Table 6). Therefore, HF remains an
uncertain factor in the correlation with BMI.

PNI showed no significant correlation with HF; however, this index may be closely
related to immune status. One report suggested that PNI was strongly associated with
severe infections in patients with rheumatoid arthritis [30]. Since PNI reflects immune
function, aging is linked to changes in PNI, as shown in Table 3. Calcium metabolism might
also influence PNI and aging. Therefore, the best subset regression analysis revealed a
strong association with ALP, IP, and PTH.

No significant correlation was observed between the CONUT score and HF, as shown
in Tables 1 and 2. Although two of the three components of the CONUT score resembled
PNI, this difference could result from the calculation method. The CONUT score adds
points from specific indices such as ALB, lymphocytes, and T-chol. This method might
overlook aspects related to bone and calcium metabolism.

When analyzing the relationship between subsequent MOF and baseline variables,
only the presence of HF and T-scores in the FN showed a significant correlation. The
presence of HF is correlated with BMI and GNRI at baseline; however, these two indices
showed no significant correlation with subsequent MOF. We conclude that there is no
meaningful causal connection between nutritional indices and fragility fractures in this
population. Nutritional indices indirectly reflect BMD, but no significant correlation exists.

The relationship between nutritional indices at baseline and subsequent functional
capacity was strongly associated in PNI and GNRI, while no statistical significance was
found with BMI and CONUT score. The common factor in PNI and GNRI is ALB, leading
us to suggest that baseline ALB influences functional capacity. The correlation between
serum albumin level at baseline and BI afterward was significant (Table 5), supporting
this hypothesis.

GNRI might be the most suitable nutritional indicator for correlating with HF, but
its available range is limited. GNRI is calculated using ALB and body weight relative to
the ideal body weight. A high GNRI value is not associated with prevalent HF. These
facts suggest that there is no link between GNRI and prevalent HF when nutritional status
exceeds adequate levels.

The most significant risk factor for HF was bone mineral density in the femoral neck.
Reports indicated a close relationship between femoral neck fractures and GNRI [36], but
the small sample size in this study limited the statistical power. Therefore, the results
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depend on the characteristics of the study population. Although nutritional issues can
influence bone fragility and fall risk, they did not reach statistical significance in this popu-
lation. Baseline PNI and GNRI showed no significant correlation with the development of
incident MOF. However, they did show a significant correlation with functional capacity,
likely due to serum albumin levels. These results suggest that nutritional indices may serve
as risk indicators for hip fractures, although they are not definitive factors. The relatively
lower AUC in study D supports this rationale.

This study has several limitations. First, it was conducted at a single center and did
not include data on the use of anti-osteoporosis medications; most importantly, no mea-
surements were taken immediately after HF. Second, the study overlooks factors affecting
bone fragility, such as serum vitamin D levels, comorbidities like lifestyle-related diseases,
physical activity, and medication use, including glucocorticoids and anti-osteoporotic drugs.
These factors should affect bone strength and, therefore, the prevalence of incident MOF.
Despite these limitations, the link between variables and HF incidence may be coincidental.
We hope this discussion encourages a constructive debate on the relationship between
nutritional status and HF.

5. Conclusions
In conclusion, dietary indices are associated with prevalent HF. GNRI may be most

strongly connected to a specific condition within the index. GNRI has a biphasic effect on
its association with HF presence. A GNRI below 105.5 is significantly linked to HF, while a
GNRI of 105.5 or higher is not correlated. No significant link was found between dietary
indices and incidental MOF.
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