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Abstract
Background  Osteoporotic vertebral compression fractures (OVCF) are common among the elderly, and malnutrition has 
also been identified as a poor prognostic factor in elderly patients with fractures. However, the relationship between nutri-
tion status and functional prognosis in OVCF is unclear. The aim of this study was to investigate the association between 
nutritional status using geriatric nutritional risk index (GNRI), activities of daily living (ADL), and fall after fracture in 
patients with OVCF.
Methods  The clinical information of 187 conservatively treated OVCF patients was retrospectively examined. This informa-
tion included: age, sex, body mass index, total number of drugs used for treatment at admission, bone mineral density, use 
of drugs for osteoporosis, fracture type, comorbidity severity, nutritional status, Barthel Index (BI), and fall after OVCF. 
Subjects were divided into two groups according to their GNRI. Propensity score matching was used to confirm factors 
affecting BI and falls after OVCF.
Results  Sixty-eight patients (36.4%) presented with malnutrition at fracture. According to multiple linear regression analysis, 
GNRI positively affected BI gain (β = 0.283, 95% confidence interval [CI] − 122.2 to − 0.706, p = 0.001). Furthermore, on 
logistic regression analysis, fall after OVCF was associated with GNRI (odds ratio = 0.896, 95% CI 0.832–0.964, p = 0.003).
Conclusions  Malnutrition in elderly OVCF patients decreases the acquisition of ADL and increases fall risk. Improvement 
of nutritional status during OVCF treatment may lead to improvement of ADL and prevention of falls.
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Introduction

The prevalence of osteoporotic vertebral compression frac-
ture (OVCF) is increasing in an aging society [1]. OVCF is 
also common in Japan, with approximately 2 million cases 
of OVCF occurring annually [2]. It causes severe pain and 
disability, and raises the risk of secondary fracture [3, 4]. In 
addition, pain and muscle weakness cause a decline in the 
activities of daily living (ADL) and quality of life (QoL) 
of the elderly [5–7]. Kim et al. [8] described paraspinal 
muscle changes in OVCF, suggesting a reduction in mus-
cle mass in patients with OVCF, and a 22.7–43.7% preva-
lence of sarcopenia in these patients, which is higher than 
that of other orthopedic disorders [9–11]. Several reports 
have described the relationship between sarcopenia and 
nutritional status, suggesting that nutritional intervention is 
necessary to improve muscle strength [12, 13]. It was also 
revealed that the prevalence of sarcopenia is substantial in 
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most geriatric settings, and well-designed studies evaluat-
ing exercise or nutritional interventions are needed before 
treatment guidelines can be developed. Wakabayashi et al. 
[14] demonstrated that nutritional management is important 
for rehabilitation, and it has been reported that the combina-
tion of rehabilitation and nutritional management improves 
ADL and QoL. Thus, nutrition status in elderly patients has 
a potential influence on the outcomes of OVCF. Takahashi 
et al. [15] described the relationship between sarcopenia 
and malnutrition in OVCF. It is said that sarcopenia and 
undernutrition reduced ADL. However, despite the need for 
nutrition management in OVCF, albumin and the geriatric 
nutritional risk index (GNRI) have not been reported for 
nutritional assessment. Furthermore, no association was 
reported between nutritional status and fall risk or functional 
prognosis in OVCF.

It was hypothesized that there is an association between 
nutritional status, fall risk, and impact on ADL after OVCF. 
Further, this study examined the relationship between GNRI 
nutrition status and functional prognosis in OVCF.

Materials and Methods

Study Design and Participants

A retrospective examination was conducted on the clini-
cal information of 187 patients aged 65 years or older with 
OVCF treated conservatively who underwent rehabilitation 
between October 2014 and April 2020. All patients had a 
primary fracture and were followed for at least 6 months 
after injury. Those with pre-existing fractures and who 
underwent surgical treatment were excluded. Further, 
patients with multiple vertebral fractures, cognitive impair-
ment, and missing data including bone density that cannot be 
accurately measured after spine surgery were also excluded. 
The sample size was calculated using t test, and 180 samples 
were calculated using a difference to be detected of 10, a 
standard deviation of 25.35, a significance level of 0.05, and 
a power of 0.8 [15].

All patients were treated with pain control and rehabili-
tation while wearing a corset. Rehabilitation began with 
relaxation, range of motion exercise, and resistance train-
ing at the bedside. Sitting, standing, and walking exercises 
started with the corset on, depending on the pain. The study 
protocol was approved by our institutional ethics commit-
tee (approval number: 20201201). Informed consent was 
obtained from all patients.

Data Collection

Patients’ clinical information included age, sex, body mass 
index (BMI), total number of drugs used for treatment at 

admission, bone mineral density (BMD), use of drugs for 
osteoporosis, fracture type, serum albumin level, comorbid-
ity severity, nutritional status, functional capacity, and falls 
during follow-up periods.

Outcome Measurements

The primary outcomes were functional capacity and nutri-
tional status. The secondary outcome was the risk of fall dur-
ing follow-up periods. Patient functional capacity to perform 
ADL was evaluated by the Barthel Index (BI), specifically 
BI gain, the change in total BI from the first rehabilitation to 
the end of follow-up. The BI is an assessment of ten items: 
eating, moving, dressing, toilet movement, bathing, walking, 
going up and down stairs, changing clothes, defecation, and 
urination. The total score is 100 points, and each movement 
is evaluated by 5–15 points. The higher the score, the higher 
is the function.

Nutritional status was evaluated using the geriatric nutri-
tional risk index (GNRI), calculated using the formula pro-
posed by Bouillanne et al. [16].

14.89 × serum albumin (g/dL) + {41.7 × (current/ideal 
body weight)}.

Okamoto et al. defined GNRI less than 92 as malnutrition 
and GNRI more than 92 as normal. This study also defined 
GNRI of 92 or less as malnutrition and GNRI of 92 or more 
as normal group with mild or no risk of malnutrition [17].

BMD was measured using dual-energy X-ray absorpti-
ometry (DXA) at the lumbar spine (L1–4).

Fracture type was classified using the semi-quantitative 
(SQ) method proposed by Genant et al. [18]. The SQ method 
classifies patients into grades ranging from 0 to 3, with ver-
tebral fractures diagnosed when the grade is 1 or higher. 
Comorbidity was assessed using the Charlson Comorbidity 
Index (CCI), which is an indicator of multi-disease comor-
bidities and includes diabetes with chronic complications, 
heart failure, kidney disease, liver disease, chronic lung 
disease, dementia, hemiplegia or paraplegia, malignancy, 
and AIDS/HIV [19]. Functional evaluation of the lumbar 
spine was measured using the patient’s Japanese Orthopae-
dic Association (JOA) score [20]. The JOA score is useful 
to evaluate the severity of symptoms in clinical practice, it 
has become the standard assessment tool for lumbar spine 
disease.

Regarding the measurement of outcomes, the primary 
outcome considered was the occurrence of fall during fol-
low-up periods, and the secondary outcome considered was 
BI gain.

Statistical Analysis

For statistical analysis, the patients were divided into two 
groups: the malnutrition group and the normal group. The 
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unpaired t test, Mann–Whitney’s U test, and χ2 test were 
used to perform comparisons between groups depending 
on variables assessed and the normality of data. In addi-
tion, propensity score matching was carried out. Propensity 
scores were calculated using age, sex, CCI, and fracture 
type. Variance inflation factor (VIF) was calculated as an 
index of multicollinearity, and items with VIF values of 2 
or less were used as independent variables. Spearman’s rank 
correlation was used for the univariate analysis. A multi-
ple linear regression analysis after propensity score match-
ing was performed to assess BI gain, and multiple logistic 
regression analysis was carried out for the incidence of fall 
during follow-up periods. Variables were independently 
associated with GNRI. Data were analyzed using SPSS ver-
sion 25 (IBM Corporation; Armonk, NY, USA).

Results

The study involved an assessment of 187 of 211 patients 
with OVCF diagnosed and treated conservatively between 
October 2014 and April 2020, excluding 5 with multiple 

Fig. 1   Flowchart of patient selection

Table 1   Patient characteristics

Value are presented as mean ± standard, deviation or number(%) or median (interquartile range).
GNRI geriatric nutritional risk indexes, BMI body mass index, CCI Charlson Comorbidity Index, BI Barthel Index
(1) Student’s t test
(2) Chi-squared test

All (n = 187) GNRI ≥ 92 (n = 119) GNRI < 92 (n = 68) p value

Age (year) 81.1 ± 8.0 81.0 ± 7.3 81.4 ± 9.0 0.752(1)

Sex, female, N (%) 116 (62.0) 75(63.0) 41(60.3) 0.711(2)

Fracture type 0.781(2)

 Grade I 61 (32.6) 37 (31.1) 24 (6.5)
 Grade II 97 (51.9) 64 (35.4) 33 (38.7)
 Grade III 29 (15.5) 18 (59.1) 11 (54.8)

BMI (kg/m2) 21.8 ± 3.13 23.1 ± 2.82 19.6 ± 2.43  < 0.001(1)

Serum albumin (g/dl) 3.60 ± 0.46 3.81 ± 0.33 3.21 ± 0.41  < 0.001(1)

Admission GNRI 94.9 ± 9.80 100.5 ± 6.53 85.0 ± 6.02  < 0.001(1)

BMD (g/cm2) 0.88 ± 0.12 0.91 ± 0.11 0.82 ± 0.12  < 0.001(1)

CCI 1 (0–6) 1 (0–5) 1 (0–6) 0.176(2)

Total number of drugs administered on admission 7 (0–23) 7 (0–14) 7(0–23) 0.816(1)

Use of drugs for osteoporosis, N (%) 45 (24.1) 31 (26.1) 14 (20.6) 0.567(2)

Barthel Index
 First rehabilitation 37.9 ± 11.6 37.8 ± 11.6 38.2 ± 11.6 0.844(1)

 At the end of follow-up 76.7 ± 12.2 80.2 ± 11.3 70.5 ± 11.2  < 0.001(1)

Barthel Index gain 38.7 ± 13.5 42.4 ± 12.0 32.4 ± 13.5  < 0.0011)

JOA score
 First rehabilitation 7.6 ± 1.4 7.8 ± 1.4 7.3 ± 1.5 0.043(1)

 At the end of follow-up 20.5 ± 3.9 22.3 ± 2.8 17.3 ± 3.5  < 0.001(1)

The period from fracture to admission (day) 1.7 ± 0.4 1.8 ± 0.7 1.7 ± 0.9 0.843(1)

Fall during follow-up periods, N (%) 15 (9.2) 4 (4.5) 11 (38.7) 0.002(2)
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vertebral fractures, 10 with cognitive impairment, and 9 with 
missing data (Fig. 1). Patient characteristics are shown in 
Table 1. Sixty-eight patients (36.4%) were in the malnutri-
tion group. The malnutrition group had lower BMI, serum 
albumin, BMD and BI score at the end of follow-up, JOA 
score at the end of follow-up, and BI gain (p < 0.001), and a 
higher number of falls during follow-up periods (p = 0.002) 
than the normal group.

Spearman’s rank correlation results are shown in Table 2. 
GNRI was positively correlated with serum albumin, BI 
gain, BMD and JOA score at the end of follow-up. GNRI 
and falls during follow-up periods were negatively corre-
lated. There was a negative correlation between age and BI 
at first rehabilitation. The correlation of falls during follow-
up periods showed negative correlation with GNRI, serum 
albumin, JOA score at the end of follow-up, and positive 
correlation with total number of drugs on admission.

Results of the multivariate analysis of BI gain after pro-
pensity score matching are shown in Table 3. GNRI posi-
tively affected the BI gain (β = 0.283, 95% confidence inter-
val [CI] − 122.2 to − 0.706, p = 0.001). The results of the 
logistic regression analysis after propensity score matching 
are shown in Table 4. The incidence of fall during follow-up 
periods was correlated with GNRI (odds ratio, 0.896; 95% 
CI 0.832–0.964; p = 0.003).

Discussion

The results of this retrospective cohort study revealed two 
aspects concerning nutritional status in patients with OVCF. 
First, this study suggested that malnutrition was a risk fac-
tor for reduced ADL in OVCF. Second, malnutrition may 
increase the risk of falling after OVCF. This study supports 
the hypothesis that better nutritional status is associated with 
improved ADL and functional status after OVCF. There are 
no reports describing the relationship between nutritional 
assessment using GNRI and functional prognosis of OVCF; 
to our knowledge, this is the first study to show the impact of 
nutritional status on ADL in patients with OVCF.

First, we found that malnutrition may lower ADL after 
OVCF. Some reports have described the relationship 
between nutritional status and ADL, and suggested that ADL 
is lower in cases of malnutrition. Bakker et al. [21] reported 
that malnutrition is associated with lower ADL, QoL, and 
longer hospital stay and rehabilitation. Moreover, Bakker 
et al. [21] and Osta et al. [22] reported malnutrition in 4.8% 
and 13.5% of elderly patients, respectively. In our study, 
the prevalence of malnutrition was higher than in other 
studies. For this reason, Bakker et al. [21] and Osta et al. 
[22] reported that weight loss was included in nutritional 
assessment. Since the item of weight loss was not included 
in GNRI which we used as an index for nutritional status, Ta
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it was considered that there was a case in which nutrition 
disorder was considered even in the absence of weight loss. 
In addition, since the subjects were patients with OVCF, 
undernutrition itself was considered to be a risk for fracture, 
which may have resulted in a high proportion of malnutri-
tion. Nutritional assessment using GNRI and appropriate 
nutritional assessment may improve ADL.

Second, low GNRI was associated with a higher risk 
of falls after OVCF. In a previous study on fall risk, Hong 
et al. [23] noted age, gender, marital status, self-rated health, 
number of chronic diseases, number of disability items, 
ADL, and physical functioning as risk factors for falls in 
the elderly. Galet et al. [24] reported that the rate of readmis-
sion due to falls increased from 15.6% in 2010 to 17.4% in 
2014, necessitating a fall prevention program. In this cur-
rent study, falls after OVCF were negatively correlated with 
GNRI, serum albumin, and JOA scores, and the total num-
ber of drugs on admission was positively correlated. These 
results suggest that malnutrition, functional decline, and 
polypharmacy are associated with falls after OVCF. Further-
more, a logistic regression analysis using propensity score 
matching for the probability of falls after OVCF showed 
that GNRI had an influence on the probability of falls after 
OVCF. Malnutrition reduces body weight and skeletal mus-
cle mass by breaking down muscle and fat for energy; as a 
result, it was considered that balance ability and walking 
ability decreased, and fall risk increased.

Bonafede et al. [25] described the risk factors for falls in 
OVCF as osteoporosis and no recent fracture, falls, older 

age, poor health status, and comorbidities, but did not men-
tion motor function or nutritional assessment. However, in 
our study, age and comorbidities were not correlated with BI 
gain and falls after OVCF, and JOA scores for motor func-
tion assessment and nutritional assessment influenced falls 
and ADL acquisition after OVCF. These results suggest that 
better motor function and nutritional status may reduce falls 
after OVCF. From these results, it was considered that nutri-
tion assessment and preparation of fall prevention programs 
were necessary to prevent falls after OVCF. In addition, 
GNRI is a simple and accurate tool for predicting the risk 
of mortality in hospitalized elderly patients. In this study, 
low GNRI on admission in OVCF patients may increase the 
risk of falls.

Regarding the relationship between GNRI and BMD, 
this study showed a positive correlation between GNRI and 
BMD. There are several reports on the relationship between 
osteoporosis and nutrition [26, 27]. As for the relationship 
between nutritional status and bone density, Chen et al. [28] 
found that when GNRI was high, bone density and grip 
strength were high. The nutritional evaluation using GNRI 
is important for the motor function improvement.

This study had a few limitations. First, detailed assess-
ment of sarcopenia and muscle strength, balance assessment, 
and pain assessment were insufficient for the retrospective 
study. Second, the assessment of living conditions, such as 
family members living together, employment, and the pres-
ence or absence of stairs in the house, was insufficient. It is 
necessary to carry out the evaluation of such life situation 
in future.

Conclusion

This study showed that undernutrition affects ADL acquisi-
tion in elderly OVCF patients. Furthermore, malnutrition 
also affected falls after OVCF. In the future, it will be nec-
essary to conduct a detailed investigation of motor function 
and environmental factors, and to verify a rehabilitation pro-
gram that will be effective for preventing falls.
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Table 3   Liner regression analysis for BI gain
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