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ORIGINAL RESEARCH

The Relationship Between GNRI Changes and
Bone Metabolism Parameters and the
Occurrence of Osteoporosis in Elderly Male
Patients with T2D

Fanggian Liang, MSc; Long Sun, MSc; Yongbin Wang

ABSTRACT

Background « Type 2 diabetes (T2D) and osteoporosis are
both diseases with a high clinical incidence. Among the
population with diabetes, T2D accounts for approximately
90%. With the change in people’s eating habits and
lifestyles, the incidence rate is gradually increasing.

Aim « We aimed to explore the relationship between the
change in the Geriatric Nutritional Risk Index (GNRI) and
the change in bone metabolism index parameters in elderly
male patients with T2D and the occurrence of osteoporosis.
Methods « A total of 290 elderly male patients with type 2
diabetes (T2D) diagnosed in North China University of
Science and Technology Affiliated Hospital from October
2019 to February 2022 were selected for GNRI evaluation.
Of these patients, 148 with a GNRI > 98 (the normal
group) and 142 with a GNRI < 98 (the risk group) were
selected for the study. The levels of 1,25-hydroxyvitamin
D3 [1,25 (OH) 2D3], type 1 collagen N-terminal
propeptide (PINP), serum type 1 collagen C-terminal
peptide hinge (S-CTX), osteocalcin (OC) and serum bone
alkaline phosphatase (BALP) in the 2 groups were detected
and compared. A dual-energy bone mineral density
instrument was used to detect the bone mineral density
(BMD) in the 2 groups. The logistic regression model was
used to analyze the relationship between the occurrence of
osteoporosis and indicators such as GNRI, and the receiver
operating characteristic (ROC) curve was drawn to
analyze the value of GNRI in predicting osteoporosis in
elderly patients with T2D.
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Results « The 1,25(0OH)2D3 and PINP levels in the risk
group were lower than in the normal group, and the
serum S-CTX and BALP levels in the risk group were
higher than in the normal group; the differences were
statistically significant (P <.05). The average BMD values
of femoral neck, femur trochanter, Ward triangle and
lumbar spine in the risk group were lower than in the
normal group; the differences were statistically significant
(P<.05). There were 70 patients with osteoporosis in the
risk group and 9 patients with osteoporosis in the normal
group. The difference in the detection rate of osteoporosis
between the 2 groups was statistically significant
(x> = 68.281; P =.000 < .05). The area under the curve
(AUC) value under the ROC curve predicted by the GNRI
for osteoporosis in elderly patients with T2D was 0.719,
the sensitivity was 51.43% and the specificity was 97.26%.
The logistic regression model showed that duration of
diabetes, glycated hemoglobin A (HbA, ), S-CTX and
BALP were independent risk factors for osteoporosis in
elderly male patients with T2D (P < .05). Increased
1,25(0OH)2D3, ALB and GNRI can reduce the risk for
osteoporosis in elderly male patients with T2D (P<.05).
Conclusion « GNRI can reflect the nutritional status of
elderly male patients with T2D, which is related to some
extent to osteoporosis caused by loss of bone mass. (Altern
Ther Health Med. 2023;29(1):85-89).

Corresponding author: Yongbin Wang
E-mail: wyb6299190@163.com

INTRODUCTION

Type 2 diabetes (T2D) and osteoporosis are diseases
with a high clinical incidence, and the incidence is gradually
increasing.'? Patients with T2D have a high risk for
osteoporosis due to long-term hyperglycemia, relative lack of
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insulin and changes in hormones.** Clinically, the change in
bone mineral density (BMD) is an important basis for the
diagnosis of osteoporosis, and the BMD can reflect the bone
content of the body. Osteoporosis is a disease characterized
by abnormal bone metabolism and bone loss. The changes in
bone metabolism indices can evaluate the occurrence and
development of osteoporosis, and can also reflect bone repair
after treatment.” The number of patients with diabetes in
China has been increasing, especially in the elderly
population. Studies have shown that malnutrition can also
lead to osteoporosis, and the nutritional status of patients
with T2D is affected by many factors.*” The Elderly
Nutritional Risk Index (GNRI) is a tool for predicting the
risk of morbidity and mortality in hospitalized elderly
patients, and has been used to evaluate the prognosis of
patients with suppurative liver abscess and hip fracture.®
However, there are few studies on the relationship between
GNRI and osteoporosis in elderly male patients with T2D,
and the relationship between bone metabolic markers and
GNRI in elderly male patients with T2D have not been fully
elucidated.’ This study will explore these issues and provide a
basis for clinical diagnosis and treatment.

MATERIALS AND METHODS
General Information

A total of 290 elderly male patients with T2D diagnosed
in North China University of Science and Technology
Affiliated Hospital from October 2019 to February 2022 were
selected for GNRI evaluation. Of these, 148 patients (the
normal group) had a GNRI > 98, and 142 patients (the risk
group) had a GNRI <98. The normal group consisted of 76
males and 72 females, average age 70.91+3.89 years; the risk
group consisted of 73 males and 69 females, average age
71.24+4.01 years. The gender and age were not significantly
different in the 2 groups.

Inclusion criteria. (1) Patients were age 65 to 85 years;
(2) diagnostic criteria used for T2D were according to the
2018 American Diabetes Association (ADA) guidelines for
diabetes diagnosis and treatment'’; (3) diagnostic criteria for
osteoporosis were from the Guidelines for the Use of Bone
Metabolic Markers in the Diagnosis and Treatment of
Osteoporosis (2012 edition)'; (4) the research program met
the requirements of the medical ethics expert group in our
hospital (No. S2019-230-04) and the patients and their
families signed an informed consent form.

Exclusion criteria. (1) Cancer patients; (2) patients who
had used calcium in the past month and bone metabolism
drugs; (3) patients with thyroid disease; (4) patients with
immune system diseases; (5) patients with tuberculosis and
HIV infection; (6) patients with Cushing syndrome,
rheumatoid arthritis, etc; (7) patients with chronic kidney
disease, chronic liver disease, etc.

Instruments
A dual energy bone mineral density instrument
(DiscoveryA, Hologic Company, Marlborough,

Massachusetts, USA), and an enzymometer (Thermo Fisher
Scientific, Waltham, Massachusetts, USA) were used in this
study.

Bone Density Determination Methods

The instrument used was a dual-energy bone mineral
density instrument (the accuracy was more than 99%, and
the coefficient of variation was 0.25%), and the X-ray
absorption method (DXA, Osteocore Type 3; Medilink,
Gallargues-le-Montueux, France) was selected for the
evaluation. The bone mineral density (BMD) of lumbar
L1-L4, femoral neck, ward triangle, great trochanter and total
hip were measured by 2 experienced physicians. The presence
of osteoporosis was determined according to the Guidelines
for the Use of Bone Metabolism Markers in the Diagnosis and
Treatment of Osteoporosis (2012 Edition)" criteria.

Determination of Laboratory Indicators

3 mL fasting venous blood was collected in the morning
and stored in a low temperature refrigerator. The supernatant
was separated by centrifuge (1000 r/min for 15 min). The
electrochemiluminescence method was used to determine
the levels of total type I collagen amino-terminal protracted
peptide (PINP), serum type 1 collagen C-terminal peptide
hinge (S-CTX), osteocalcin (OC) and serum bone alkaline
phosphatase (BALP).

The level of 1,25-hydroxyvitamin D3 (1,25(OH)2D3)
was detected by ELISA. In accordance with the kit
instructions, the standard solution was prepared first, and the
absorbance value of the standard at 450 nm of the microplate
reader (Thermo Fisher, USA) at each concentration was
detected. The standard curve was plotted with the standard
concentration as the abscissa and the absorbance value as the
ordinate. After the sample to be tested was further treated, 3
parallel holes were set for each sample, and the absorbance
value of each hole was detected under the same conditions as
the standard sample. The average value was taken as the final
result, and the absorbance value of the sample was substituted
into the standard curve to obtain the concentration of the
sample to be tested.

The blood samples of patients were collected according
to the above methods, and fasting blood glucose (FBG),
fasting insulin (FIns), albumin (ALB) and serum albumin
were measured by Beckman AU5800 automatic biochemical
analyzer (Beckman-Coulter, Brea, California USA). High
pressure liquid chromatography was used to determine
glycosylated hemoglobin (HbA ). HOMA-IR=FBG x
FIns/22.5; the result was accurate to 0.01.

Ideal weight (male)=height—100—[(height-150)/4]. If
the weight exceeded the ideal weight, weight/ideal weight=1.
GNRI=(1.489xalbumin (g/L)+41.7x[body weight/ideal body
weight]. The study patients were divided into the normal
GNRI group (GNRI >98; n=169) and the decreased GNRI
group (GNRI<98; n=47)."
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Table 1. Comparison of Bone Metabolism Indices in the Risk and Normal Groups (x = s)

1,25(0H)2D3 | PINP S-CTX ocC BALP
Group n (ng/mL) (ng/mL) (ng/mL) (ng/mL) (U/L)
Risk 142 | 17.84+3.10 |14.83+2.54| 1.64 +0.39 | 12.43 £2.67 | 76.58 + 9.86
Normal | 148 | 20.58 £3.76 |17.33+3.96| 1.33 £0.25 | 11.97 +2.50 | 63.24 +7.76
t -6.756 -6.370 8.092 1.515 12.831
P value .000 .000 .000 131 .000

Abbreviations: 1,25(0OH)2D3, 1,25-hydroxyvitamin D3; BALP, serum bone alkaline phosphatase; OC, osteocalcin; PINP,
type I collagen amino-terminal protracted peptide; S-CTX, serum type 1 collagen C-terminal peptide hinge.

Statistical Processing

The measurement values of 1,25(0OH)2D3, PINP, S-CTX,
BALP and other measurement indices in the study patients
were tested by normal distribution, and were in accordance
with the approximate normal or normal distribution,
expressed as (x £ s), and compared in the 2 groups by  test.
The ¥? test was used for comparison between groups of non-
grade counting data; the receiving operator characteristics
(ROC) curve was plotted and the area under the curve
(AUC) value was calculated; logistic regression analysis was
used for multivariate analysis; IBM.. SPSS 21.0 software was
used for data processing; test level o = .05.

RESULTS

Comparison of Bone Metabolism Indices in the 2 Groups
The 1,25(OH)2D3 and PINP levels in the risk group

were lower than in the normal group, and the serum S-CTX

and BALP levels in the risk group were higher than in the

normal group; differences were statistically significant

(P<.05); see Table 1.

Comparison of BMD Values in the 2 Groups

The average BMD values of femoral neck, femur
trochanter, Ward triangle and lumbar spine in the risk group
were lower than in the normal group, and the differences
were statistically significant (P<.05); Table 2.

The Value of GNRI in Predicting Osteoporosis in Elderly
Patients with T2D

There were 70 patients with osteoporosis in the risk group
and 9 patients with osteoporosis in the normal group. The
difference in the detection rate of osteoporosis in the 2 groups
was statistically significant (x*=68.281; P =.000 <.05). The
AUC value under the ROC curve predicted by GNRI for
osteoporosis in elderly patients with T2D was 0.719, sensitivity
was 51.43% and specificity was 97.26%. See Figure 1.

Univariate Analysis of Osteoporosis

The baseline data in the osteoporosis group and the
normal bone mass group were compared. The results showed
that the duration of diabetes, HbA _value, serum S-CTX and
BALP levels in the osteoporosis group were higher than in
the normal bone mass group. The 1,25(OH)2D3 and PINP
values in the osteoporosis group were lower than in the

Table 2. Comparison of Bone Mineral Density Values in the
Risk and Normal Groups (x + s)

Greater
Femoral trochanter Ward’s Lumbar
Group | n neck of femur triangle spine
Risk 142 | 0.84 £ 0.14 0.81 £0.12 0.70 £ 0.10 | 0.95+0.17
Normal | 148 | 0.92 +0.16 0.94 +0.15 0.82 +0.16 | 1.03 £0.25
t 4.524 -8.129 -7.622 -3.174
P value .000 .000 .000 .002

Figure 1. ROC curve of GNRI in predicting osteoporosis in
elderly patients with T2D
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Abbreviations: GNRI, Geriatric Nutritional Risk Index;
ROC, receiver operating characteristics.

normal bone mass group, and the difference was statistically
significant (P<.05); see Table 3.

Multivariate Analysis of Osteoporosis

The occurrence of osteoporosis in elderly male patients
with T2D was taken as the dependent variable, and the course
of diabetes, HbA, value, serum S-CTX, BALP, 1,25(0H)2D3,
PINP and GNRI values with statistical significance in single
factor analysis were taken as independent variables to establish
the logistic regression model. The results showed that the
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Table 3. Univariate Analysis of Osteoporosis in the Risk and
Normal Groups

Osteoporosis | Normal
group group
Factor (n=79) (n=211) t/x> | Pvalue
Age (years) 71.43 +4.03 |70.72+4.00| 1.343 | .180
BMI (kg/m?) 24.72 +1.64 |24.56 +1.51| 0.784 433
Duration of diabetes (years) | 11.64 +2.75 |10.33 +2.82| 3.546 | .000
HbAlc (%) 847 +0.96 | 8.10+0.89 | 3.084 .002
FBG (mmol/L) 898 +0.86 | 8.81 +£0.90 | 1.449 .148
FIns (umol/mL) 12.74 +2.00 | 12.48 +1.92| 1.015 311
HOMA-IR 4.48 £0.87 | 431 +0.90 | 1.445 .150
ALB (g/L) 39.46 +2.24 | 40.72 +2.45| -3.989 | .000
Hb (g/L) 130.5+6.5 | 131.8 £5.8 | 1.643 .101
Smoking (%) 34 (43.04) | 78(36.97) | 0.894 | .344
Drinking (%) 36 (45.57) | 103 (48.82) | 0.243 | .622
Hypertension (%) 36 (45.57) 107 (50.71) | 0.608 436
Hyperlipidemia (%) 42 (53.16) 98 (46.45) | 1.039 .308
Coronary heart disease (%) 11 (13.92) 24 (11.37) | 0.352 .553
1,25(0H)(2D3) (ng/mL) | 17.71£3.32 | 19.81 +3.51 | -4.602 | .000
PINP (ng/mL) 14.67 £ 2.54 | 16.64 + 3.54 | -4.527 .000
S-CTX (ng/mL) 1.70£0.32 1.40 +0.31 | 7.273 .000
OC (ng/mL) 12.51+2.43 |12.08 £2.56 | 1.291 .198
BALP (U/L) 78.04+8.87 | 66.68 +7.83 | 10.600 | .000

Abbreviations: 1,25(0OH)2D3, 1,25-hydroxyvitamin D3;
ALB, albumin; BALP, bone alkaline phosphatase; BMI, body
mass index; FBG, fasting blood glucose; FIns, fasting insulin;
Hb, hemoglobin; HbAlC, glycated hemoglobin; HOMA-IR,
homeostatic model assessment for insulin resistance; PINP,
type 1 collagen N-peptide; OC, osteocalcin; S-CTX, serum
type 1 collagen C-terminal peptide hinge.

Table 4. Logistic Regression Model Results

Index B SE | Walds | Pvalue | OR |95% CI

Diabetes course | 0.704 | 0.314 | 5.027 .032 2.022 | 1.093 to 3.741
HbAlc 0.558 | 0.237 | 5.543 .021 1.747 | 1.098 to 2.780
ALB -0.613 | 0.244 | 6.312 .003 | 0.542 | 0.336 to 0.874
1,25(0OH)2D3 | -0.482| 0.221 | 4.757 .041 | 0.618 | 0.400 to 0.952
PINP -0.391 | 0.268 | 2.129 .184 | 0.676 |0.400 to 1.144
S-CTX 0.771 | 0.304 | 6.432 .001 2.162 | 1.191 to 3.923
BALP 0.692 | 0.277 | 6.241 .004 1.998 | 1.161 to 3.438
GNRI -0.815| 0.302 | 7.283 .000 | 0.443 |0.245 to 0.800
Constant term | 1.333 0.784 | 2891 101 ) 3.792 (1).78.221&)

Abbreviations: 1,25(0OH)2D3, 1,25-hydroxyvitamin D3;
ALB, albumin; BALP, bone alkaline phosphatase; GNRI,
Geriatric Nutritional Risk Index; HbA , glycated hemoglobin;
PINP, type 1 collagen N-peptide; S-CTX, serum type 1
collagen C-terminal peptide hinge. B, regression coefficient;
SE, standard error; Walds, Walds chi-square; OR, odds ratio;
95%CI, 95% confidence interval.

prolongation of diabetes course, increase in HbA  value,
increase in S-CTX and increase in BALP were independent
risk factors for osteoporosis in elderly male patients with T2D
(P<.05). Increased 1,25(0OH)2D3, ALB and GNRI can reduce
the risk for osteoporosis in elderly male patients with T2D (P
<.05); see Table 4.

DISCUSSION

Patients with T2D, especially older patients with metabolic
disorder and insulin resistance, cannot use glucose normally,
making fat and increasing protein decomposition, and thus
usually have malnutrition. Osteoporosis often occurs in
postmenopausal women and elderly men.”® According to
research, the incidence of osteoporosis in older patients with
T2D is significantly higher than in younger patients. Aging can
affect the body’ s bone remodeling process, resulting in bone
remodeling imbalance, increasing the ratio of bone resorption
and bone formation and resulting in bone loss. Second, the
decrease in immune system activity in elderly patients affects a
series of physiological functions and also promotes the
occurrence of osteoporosis.

Type I collagen constitutes 90% of the bone matrix. PINP
is produced by collagen cells during metabolism, and the PINP
level can reflect the degree of synthesis and transformation of
type I collagen. Bone metabolism can also be evaluated by the
PINP level.”® S-CTX, the decomposition product of type I
collagen during bone resorption, can reflect bone resorption.
PINP and S-CTX are more sensitive than other bone metabolic
markers and are widely used in clinic.'"® The BMD can reflect
the bone mass of the body during a certain period of time, and
the bone metabolism index can reflect bone metabolism in the
short term. Therefore, the selected bone metabolism index can
better predict the risk for osteoporosis.

ALB and pre-ALB levels can reflect the nutritional status
of the body; when inflammation, liver cirrhosis and malignant
tumors are present, the levels are significantly reduced.””'® In
addition, anemia and body mass index (BMI) are nutritional
status indicators, so we also analyzed the hemoglobin (Hb)
and BML

Nutritional risk can induce osteoporosis. The results of
our study showed that the levels of 1,25(OH)2D3 and PINP in
the risk group were significantly lower than in the normal
group, and the levels of serum S-CTX and BALP in the risk
group were significantly higher than in the normal group. In
addition, the average BMD values of femoral neck, femur
trochanter, Ward triangle and lumbar spine in the risk group
were significantly lower than in the normal group. Previous
studies have shown that in the general population, Hb level
and anemia status are related to BMD abnormality and
fracture risk. In our study, we found that the difference in Hb
and BMI in patients with or without T2D was not statistically
significant, which may be related to the deviation of our
selected samples. The BMD in patients with T2D with poor
glycemic control had decreased more. The reason is that if the
glucose level in collagen is high, a large number of glycosylation
end products will be produced, which will affect bone strength,
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induce apoptosis of bone cells and lead to abnormal bone
growth. On the other hand, patients with T2D have insufficient
insulin, and insufficient insulin synthesis and metabolism lead
to diabetic bone loss. The GNRI includes multiple objective
indicators such as ALB, body mass and ideal body mass, which
are highly correlated with BMD. In this study, the number of
patients with osteoporosis in the risk and normal groups was
significantly different. High protein intake can effectively
improve bone loss, maintain lower limb muscle function and
prevent osteoporosis.

Our study results showed that the specificity of GNRI in
predicting osteoporosis in elderly patients with T2D was
high, but the sensitivity was poor. Prolonged duration of
diabetes, and increased HbA , S-CTX and BALP were
independent risk factors for osteoporosis in elderly male
patients with T2D. The increase in 1,25(OH )2D3, ALB and
GNRI were protective factors.

At present, there is no unified standard for nutritional
assessment. Hb and ALB have limitations when evaluated alone,
and the assessment is not comprehensive enough. Clinically,
multiple composite indicators are used. GNRI combines various
indicators such as ALB, height and weight, which can objectively
evaluate nutritional risk. An increase in 1,25(OH)2D3 is an
independent protective factor for osteoporosis. The degree of
oxidative stress in elderly patients with T2D is enhanced,
osteoclasts are activated, bone resorption is promoted and BMD
is reduced. 1,25(OH)2D3 is the active form of vitamin D, which
can accelerate the absorption and reabsorption of calcium (Ca)
and potassium (K) by the intestinal mucosa and renal tubules,
respectively, and affect bone mineral metabolism and promote
bone matrix mineralization. BMD measurement and nutritional
risk assessment should be carried out as early as possible in
elderly male patients with T2D, and timely intervention should
be carried out according to the patient’s particular situation to
prevent the occurrence of osteoporosis and timely control of the
disease.

Some studies have found that the GNRI score is positively
correlated with BMD in patients with systolic heart failure.
Low levels of GNRI were also found to be a risk factor for
osteoporosis in male patients with rheumatoid arthritis.'*?
Senile osteoporosis is characterized by decreased BMD and
increased bone resorption. Based on previous studies, this
study explored the relationship between osteoporosis and
nutritional status in elderly male patients with T2D, and we
found that increased 1,25(OH)2D3, ALB and GNRI could
reduce the risk for osteoporosis in these patients.

In clinical work, we should emphasize the intervention of
the above parameters, actively carry out health education to
prevent osteoporosis and understand the indicators and
methods for predicting the occurrence of osteoporosis, which
is conducive to improving the prognosis in elderly patients.

Study Limitations

The results of our study were clinically significant; but
there were also some study limitations. This was a retrospective
study with limited sample size, leading to inevitable biases.

Thus, the results of this study need to be confirmed by
further studies.

CONCLUSION

In summary, the GNRI can reflect nutritional status in
elderly male patients with T2D, which is related to
osteoporosis caused by bone loss to some extent.

REFERENCES

1. Zhang], Li], Huang JQ. Network meta-analysis of four Chinese patent medicines combined with
angiotensin converting enzyme inhibitors or angiotensin receptor blockers in early diabetic
nephropathy treatment. World ] Tradit Chin Med. 2020;6:51-60.

2. HeQ Yang], Zhang G, et al. Sanhuang Jiangtang tablet protects type 2 diabetes osteoporosis via
AKT-GSK3p-NFATcl signaling pathway by integrating bioinformatics analysis and experimental
validation. ] Ethnopharmacol. 2021;273(8):113946. doi:10.1016/j.jep.2021.113946

3. Lin YC. Risk of osteoporosis in obese patients with type 2 diabetes: A systematic review and
meta-analysis. Nephrol Dial Transplant. 2021;100(20):e26061.

4. Chen P, Yan P, Wan Q et al. Association of circulating B-type natriuretic peptide with
osteoporosis in a Chinese type 2 diabetic population. BMC Musculoskelet Disord. 2021;22(1):261-
264. doi:10.1186/s12891-021-04138-3

5. Lui DTW, Lee CH, Chan YH, et al. HbAlc variability, in addition to mean HbAlc, predicts
incident hip fractures in Chinese people with type 2 diabetes. Osteoporos Int. 2020;31(10):1955-
1964. doi:10.1007/s00198-020-05395-z

6. Fan S, Wang Z, Li Q, Luo L, Zhu Y, Yang Y. The relationship between BSP mRNA expression and
25(0OH)D/OPG in peripheral blood of newly diagnosed T2DM patients with different bone
mass. Endokrynol Pol. 2020;71(2):160-167. doi:10.5603/EP.a2020.0001

7. Hwang ]S, Lien AS, Jiang YD. Commentary on the effects of receptor activator of nuclear
factor-B ligand inhibition on bone mass and muscle strength. ] Diabetes Investig. 2020;11(2):287-
289. doi:10.1111/jdi.13165

8. Kuo MC, Huang JC, Wu PY, et al. Associations of small fiber neuropathy with Geriatric
Nutritional Risk Index and arterial stiffness in hemodialysis. Dis Markers.
2020;2020(2):1694218. doi:10.1155/2020/1694218

9. Dong CH, Chen SY, Zeng HL, Yang B, Pan ]. Geriatric nutritional risk index predicts all-cause
mortality in patients with heart failure: A systematic review and meta-analysis. Clinics (Sio
Paulo). 2021;76(8):€2258. doi:10.6061/clinics/2021/e2258

10.  American Diabetes Association. 9. Cardiovascular Disease and Risk Management: Standards of
Medical Care in Diabetes-2018. Diabetes Care. 2018;41(suppl 1):586-5104. doi:10.2337/
dc18-S009

11. Nishizawa Y, Ohta H, Miura M, et al. Guidelines for the use of bone metabolic markers in the
diagnosis and treatment of osteoporosis (2012 edition). J Bone Miner Metab. 2013;31(1):1-
15. doi:10.1007/500774-012-0392-y

12.  Choi Y], Shin HB, Park B, Kim DJ, Chung YS. Temporal change in the diagnosis and treatment
rates of osteoporosis: results from the Korea National Health and Nutrition Examination
Survey. Osteoporos Int. 2021;32(9):1777-1784. doi:10.1007/s00198-021-05864-z

13.  Asadullah M, Sarfaraz S, Tanzil S, Ikram R, Kamil N. The effects of alendronate treatment in the
diagnosis and management of proximal femur osteoporosis: A real-life scenario. Pak J Pharm Sci.
2021;34(4):1393-1396.

14.  Tehrani SS, Moallem M, Ebrahimi R, Hosseini SR, Nooreddini H, Parsian H. Status of circulating
bone turnover markers in elderly osteoporosis/osteopenia patients in comparison with healthy
subjects. Asian Biomed. 2020;14(3):97-106. doi:10.1515/abm-2020-0015

15.  Zhao H, Zheng C, Gan K, Qi C, Ren L, Song G. High body mass index and triglycerides help
protect against osteoporosis in patients with type 2 diabetes mellitus. ] Diabetes Res.
2020;2020(21):1517879. doi:10.1155/2020/1517879

16. He Q Wang X, Yang C, et al. Metabolic and nutritional characteristics in middle-aged and
elderly ~sarcopenia  patients with type 2 diabetes. ] Diabetes  Res.
2020;2020(6):6973469. doi:10.1155/2020/6973469

17.  Nagai T, Uei H, Nakanishi K. Association among Geriatric Nutritional Risk Index and functional
prognosis in elderly patients with osteoporotic vertebral compression fractures. Indian ] Orthop.
2021;56(2):338-344. doi:10.1007/543465-021-00478-3

18.  Nagai T, Tanimoto K, Tomizuka Y, Uei H, Nagaoka M. Nutrition status and functional prognosis
among elderly patients with distal radius fracture: a retrospective cohort study. ] Orthop Surg Res.
2020;15(1):133-135. doi:10.1186/s13018-020-01657-y

19. Tokumoto H, Tominaga H, Arishima Y, et al. Association between bone mineral density of
femoral neck and Geriatric Nutritional Risk Index in rheumatoid arthritis patients treated with
biological disease-modifying anti-rheumatic drugs. Nutrients. 2018;10(2):234-236. doi:10.3390/
nul0020234

20. Sargento L, Vicente Simdes A, 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(5):430-437. doi:10.1016/j.
numecd.2017.02.003

Liang—Osteoporosisin Elderly Male Patients with T2D

ALTERNATIVE THERAPIES, JAN/FEB 2023 VOL. 29 NO. 1 89




