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Abstract

Introduction: Osteoarthritis of the knee (OA knee) is a common geriatric disease that require total knee arthroplasty.
Periprosthetic fracture is one of the common complications, which is strongly related to metabolic bone disease.Materials
and methods: We conducted a prospective study on 291 outpatients with OA knee between November 2020 and April
2021. Baseline characteristics, dual-energy X-ray absorptiometry and blood test results were analysed using logistic regression
analysis and expressed as odds ratio, 95% confidence intervals and P-values. Results: Overall metabolic bone diseases were
found in 82.91% of patients. Vitamin D insufficiency (53.38%) was the most prevalent, followed by osteopenia (44.38%),
impaired renal function (26.69%), and osteoporosis (17.45%). Risk factors of vitamin D insufficiency are age ≥71 years (OR
0.33, P = 0.003) and bilateral affected side (OR 1.99, P = 0.007). For osteopenia and osteoporosis, risk factors were age, body
mass index, affected side, and chronic kidney disease (P < 0.05). Discussion: In the aspect of Vit D insufficiency, age>70 and
bilateral OA knee were significantly related in many ways, such as reduction in cutaneous synthesis and daily exposure to
sunlight and various diseases, including CKD and GI malabsorption. The risk factors of osteopenia and osteoporosis can be
explained throughout several mechanisms. For instance, abnormality in hormone and cytokines metabolism will lead to the
increase in adipocyte differentiation and fat accumulation. And that situation may lead to the decrease in osteoblast dif-
ferentiation and increased osteoclast activity which could lead to negative impact on bone strength.Conclusions:Metabolic
bone diseases were common in most patients with OA knee, and the insufficiency in amount of vitamin D(serum 25-
hydroxyvitamin D), osteoporosis, and osteopenia conditions were mainly identified. These preventable conditions have risk
factors that aremostly correctable These preventable conditions have risk factors that aremostly correctable, for example gain
more outdoor activities, consume vitamin D supplement or start osteoporosis treatment program. Further analysis is
necessary to establish solid evidence in the comparison of risk factors between the OA and non-OA groups.
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Introduction

Osteoarthritis of the knee (OA knee) is a common geriatric
condition characterized by pain and limited range of
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motion, significantly impacting daily activities. Currently,
treatments have advanced to delay knee degeneration by
utilizing injectable hydrogel microspheres to mitigate
degradation and promote cartilage regeneration. Ulti-
mately, many patients may require total knee arthroplasty
(TKA) in the end.1,2 Periprosthetic joint fracture is one of
the common post-TKA complications, obtaining a con-
cerning prevalence of 0.3%–2.5%.3 Considered as a risk
factor of periprosthetic fracture, metabolic bone disease
was found to be strongly related to fractures due to the
fragility of the bone.4 Furthermore, bone marrow density
(BMD) increase has been found in patients with OA knee,
suggesting a degenerative change in morphology; for
example, osteophyte degeneration can lead to improper
BMD calculation. Currently, the relationship between OA
and BMD remains inconclusive.5-8

One of the factors related to achieving a good outcome
in TKA is bone minerals, which are composed of several
basic chemicals, such as calcium, vitamin D, and phos-
phorus. Those component function with hormones, in-
cluding parathyroid hormone, glucocorticoid, and sex
hormones(estrogen and progesterone) to regulate the bone
cycle. Imbalance of minerals and hormones could cause
bone structure weakening, which can be referred to as
metabolic bone disease; thus, patients suspected with this
disease should be screened and worked up to receive
proper treatment.9

Some of the metabolic bone diseases that are often
found in older patients include osteopenia/osteoporosis,
hypocalcemia, and hypovitaminosis D. By definition from
the World Health Organization osteopenia is defined by
bone densitometry at neck of femur and lumbar spine as a
T score �1 to �2.5 and osteoporosis is defined by bone
densitometry as a T score below �2.5.10 Metabolic bone
diseases need to be corrected to achieve a better outcome in
patients with OA knee regardless the radiographic clas-
sification (Kellgren-Lawrence (KL)); however, these
conditions are frequently neglected by physicians when
treating outpatients with OA knee,11 which could lead to
devastating outcomes after surgery. For example, intra-
operative periprosthetic fractures may occur, which may
end up requiring more complex surgery along with the use
of a bone graft, whether it is an autologous bone graft or a
metal-organic framework-based biomaterial bone graft.12

In this study, we aimed to evaluate the prevalence of
common metabolic bone diseases in outpatients with
nonoperative OA knee and its correlation with this geriatric
disease.

Materials and Methods

The ethics committee of our institute approved our study
protocol. We conducted a prospective study on
281 outpatients with OA knee who visited at our hospital

between November 2020 and April 2021. The inclusion
criteria were OA knee diagnosis, ages of above 55 years for
females and above 60 years for males and permanent
residence in Bangkok area. Conversely, the exclusion
criteria were previous calcium/vitamin D treatment, fra-
gility fracture history, previous spine or hip surgery, me-
tastasis cancer, smoking, steroid use, inflammatory joint
disease, bedridden status/inability to walk, and no consent
for study participation. We excluded ten patients because
of rheumatoid arthritis (3 cases), previous spinal fixation
(4 cases) and steroid use (3 cases). Ultimately, 281 patients
were eligible for the analysis. (Figure 1).

We collected metabolic bone disease–related data, in-
cluding abnormal dual-energy X-ray absorptiometry
scanning that performed at left neck of femur and lumbar
spine (abnormal BMD T sore <�1 SD) in. The patient lies
beneath the X-ray source of a C-arm, which releases
photons at two different energy levels that are unique to
soft tissue and cortical bone. In order to evaluate bone mass
per unit volume, the attenuations from these high- and low-
energy photon emissions are detected above the body and
merged to provide a planar image. And the blood test
results are indicating serum vitamin D insufficiency (serum
25-hydroxyvitamin D <32 ng/mL), hypocalcemia
(calcium <8.6 mg/dl), impaired renal glomerular infiltra-
tion rate (GFR <60 mL/min/1.73 m2), hyperparathyroid
hormone level (PTH >65 pg/mL), and hyperalkaline
phosphatase level (ALP >104 U/L). The relationship be-
tween common metabolic bone diseases and OA knee was
determined by regression analysis.

According to our demographic data study (Tables 1 and
2), most patients were female (82.92%), aged 61-70 years
(44.48%) and were presented with radiographic classifi-
cation of OA knee which is Kellgren–Lawrence (KL)
grades 3-4 (91.46%). Overall metabolic bone diseases
were found in 82.91% of patients (233/281). In particular,
vitamin D insufficiency (53.38%, 150/281) was the most
prevalent, followed by osteopenia (44.38%, 109/235),
impaired renal function (26.69%, 75/281), osteoporosis
(17.45%, 41/235), hyperparathyroidism (11.39%, 32/281),
hypercalcemia (8.19%, 23/281), and hyperalkaline phos-
phatase (6.05%, 17/281). Furthermore, the risk for meta-
bolic bone disease were significantly found in patients with
peripheral hypertension (OR 0.46, P = 0.027).

Statistical Analysis

Results, including the patient characteristics, are expressed
as mean ± standard deviation or median and range. Cat-
egorical variables were compared using Chi-squared test or
Fisher’s exact test. Related factors were determined by
logistic regression analysis, and the results are expressed as
odds ratios (ORs), 95% confidence intervals (CIs) and
P-values. All statistical data were analyzed using STATA
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version 15 (StataCorp, College Station, TX, USA). A
P-value of <0.05 was considered statistically significant.

Results

According to our demographic data study (Tables 1 and 2),
most patients were female (82.92%), aged 61-70 years
(44.48%) and were presented with Kellgren–Lawrence
(KL) grades 3-4 (91.46%). Overall metabolic bone dis-
eases were found in 82.91% of patients (233/281). In
particular, vitamin D insufficiency (53.38%, 150/281) was
the most prevalent, followed by osteopenia (44.38%, 109/
235), impaired renal function (26.69%, 75/281), osteo-
porosis (17.45%, 41/235), hyperparathyroidism (11.39%,
32/281), hypercalcemia (8.19%, 23/281), and hyperalka-
line phosphatase (6.05%, 17/281). Furthermore, the risk
for metabolic bone disease were significantly found in
patients with hypertension (OR 0.46, 95% CI 0.22-0.91,
P = 0.027).

The risk factors of vitamin D insufficiency included
age, the American Society of Anaesthesiologists Physical
Status Classification score and the affected side (P < 0.05)
(Table 3). After the univariate regression analysis, the age

Figure 1. Flow diagram of the present study.

Table 1. Patient’s Demographic Data.

Total (n = 281)

Age (year)
50-60 46 (16.37)
61-70 125 (44.48)
≥71 110 (39.15)

Female gender 233 (82.92)
Body mass index (kg/m2)
<25 122 (43.42)
25-30 104 (37.01)
>30 55 (19.57)

ASA physical status
I-II 179 (63.7)
III-IV 102 (36.3)

Kellgren–Lawrence grades
1-2 24 (8.54)
3-4 257 (91.46)

Dominant side
Right/Left 233 (83.81)/45 (16.19)

Knee affected side
Right 67 (24.1)
Left 53 (19.06)
Both 158 (56.83)

Underlying diseases
Diabetes mellitus 60 (21.35)
Peripheral hypertension 164 (58.36)
Dyslipidemia 134 (47.69)
Cardiovascular disease 22 (7.83)
Cerebrovascular disease 7 (2.49)
Chronic kidney disease 63 (22.42)
Liver disease 5 (1.78)
Others 27 (9.61)

ASA, American Society of Anesthesiologists. Data presented as number
(%) mean +/� standard deviation (SD).

Table 2. Results of Outcome’s Demographic Data.

Total (n = 281)

Metabolic bone disease 233 (82.92)
Abnormal BMD
Osteopenia (�2.5<T < �1) 109 (46.38)
Osteoporosis(T < �2.5) 41 (17.45)
Serum calcium status*
Hypocalcemia 6 (2.14)
Hypercalcemia 23 (8.19)
Serum vitamin D status**
Hypovitaminosis 150 (53.38)
Hypervitaminosis 1 (0.36)
ALP level status***
Hypo ALP 2 (0.71)
Hyper ALP 17 (6.05)
PTH level status****
Hypoparathyroidism 6 (2.13)
Hyperparathyroidism 32 (11.39)
Renal impairment***** 75 (26.69)

BMD, Bone mineral density. ALP, Alkaline phosphatase, PTH, Parathyroid
hormone.
*Normal serum calcium level = 8.6-10 mg/dL.
**Normal serum vitamin D level = 25-70 ng/mL.
***Normal ALP level = 35-104 mg/dL.
****Normal PTH level = 25-65 ng/Ml.
*****Renal impairment = Glomerular filtration rate (GFR) < 60 mL/min.
Data presented as number (%) mean +/� standard deviation (SD).
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of ≥71 (OR 0.34, P = 0.003), American Society of An-
aesthesiologists score of 3-4 (OR 0.51, P-value = 0.007),
and bilateral affected side (OR 1.84, P = 0.013) were still
significant risk factors of vitamin D insufficiency. How-
ever, after the multivariate regression analysis, only the age
of ≥71 years (OR 0.33, P = 0.003) and bilateral affected
side (OR 1.99, P = 0.007) remained significantly related to
vitamin D insufficiency (Tables 4 and 5).

Regarding osteopenia and osteoporosis, their risk fac-
tors were age, body mass index (BMI), affected side, and
chronic kidney disease (CKD) (P < 0.005) (Table 6).
Similarly, our univariate regression analysis revealed that
the age of ≥71 (OR 2.52, P = 0.027), BMI >30 kg/m2 (OR
0.19, P < 0.001), CKD (OR 0.48, P = 0.022), and the
affected left side (OR 3.85, P = 0.007) were significant risk
factors of these conditions (Table 7). These risk factors
remained to be related to osteopenia and osteoporosis after

Table 3. Parameter of Serum Vitamin D Status.

Normal Vitamin D (n = 130) Abnormal Vitamin D (n = 151) P Value

Age (year) < 0.001*
50-60 16 (12.31) 30 (19.87)
61-70 47 (36.15) 78 (51.66)
≥71 67 (51.54) 43 (28.48)

Female gender 104 (80.00) 129 (85.43) 0.228
BMI (kg/m2) 0.203
<25 62 (47.69) 60 (39.74)
25-30 48 (36.92) 56 (37.09)
>30 20 (15.38) 35 (23.18)

ASA physical status 0.007*
I-II 72 (55.38) 107 (70.86)
III-IV 58 (44.62) 44 (29.14)

Kellgren–Lawrence 0.965
1-2 11 (8.46) 13 (8.61)
3-4 119 (91.54) 138 (91.39)

Dominant side 0.179
Right 104 (80.62) 130 (86.58)
Left 26 (19.38) 21 (13.42)

Knee affected side 0.016
Right 33 (25.58) 34 (22.82)
Left 33 (25.58) 21 (13.42)
Both 64 (48.84) 96 (63.76)

Underlying diseases
Diabetes mellitus 25 (19.23) 35 (23.18) 0.421
Hypertension 83 (63.85) 81 (53.64) 0.084
Dyslipidemia 62 (48.84) 72 (47.68) 0.999
Cardiovascular disease 14 (10.77) 8 (5.30) 0.089
Cerebrovascular disease 4 (3.08) 3 (1.99) 0.708
Chronic kidney disease 33 (25.38) 30 (19.87) 0.269
Liver disease 2 (1.54) 3 (1.99) 1.000
Others 13 (10.00) 14 (9.27) 0.836

BMI, Body Mass Index. ASA, American Society of Anesthesiologists. Normal serum vitamin D level = 25-70 ng/mL. Data presented as number (%) mean
+/� standard deviation (SD). *P < .05 considered statistically significant.

Table 4. Univariate Regression Analysis of Abnormal Vitamin D
Group.

Odds Ratio (OR) 95% CI P Value

Age (year)
50-60 Reference
61-70 0.88 0.43-1.79 0.735
≥71 0.34 0.16-0.70 0.003*

ASA physical status
I-II Reference
III-IV 0.51 0.31-0.83 0.007*

Knee affected side
Unilateral Reference
Bilateral 1.84 1.14-2.97 0.013*

ASA, American Society of Anesthesiologists. Normal serum vitamin D
level = 25-70 ng/mL. *P < 0.1 considered statistically significant. CI,
Confident Interval.
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the multivariate regression analysis (age ≥71 years [OR
2.83, P = 0.036]; BMI >30 kg/m2 [OR 0.22, P < 0.001],
CKD [OR 0.29, P = 0.001], and the affected left side [OR
3.59, P = 0.014]) (Table 8).

Discussion

Metabolic bone diseases are the disorders of bone strength
usually caused by abnormalities of minerals (eg, calcium
or phosphorus), vitamin D, bone mass or bone structure.
Many of our patients with OA knee had metabolic bone
diseases (82.92%). Our results showed that hypertension
was a significant risk factor related to metabolic bone
disease, possibly attributed to the fact that hypertension has
obtained the highest prevalence (58%) in several pop-
ulations compared with other chronic diseases.13 In

Table 5. Multivariate Regression Analysis of Abnormal Vitamin
D Group.

Odds Ratio (OR) 95% CI P Value

Age (year)
50-60 Reference
61-70 0.92 0.44-1.88 0.817
≥71 0.33 0.16-0.70 0.003*

ASA physical status
I-II Reference
III-IV 0.80 0.44-1.44 0.462

Knee affected side
Unilateral Reference
Bilateral 1.99 1.21-3.28 0.007*

ASA, American Society of Anesthesiologists. Normal serum vitamin D
level = 25-70 ng/mL. *P < .05 considered statistically significant. CI,
Confident Interval.

Table 6. Risk Factors of Osteopenia and Osteoporosis Patients.

Normal BMD (n = 83) Abnormal BMD (n = 152) P Value

Age (year) 0.043*
50-60 16 (19.28) 18 (11.84)
61-70 43 (51.81) 66 (43.42)
≥71 24 (28.92) 68 (44.74)

Female gender 65 (78.31) 132 (86.84) 0.090
BMI (kg/m2) < 0.001*
<25 25 (30.12) 77 (50.66)
25-30 29 (34.94) 58 (38.16)
>30 29 (34.94) 17 (11.18)

ASA physical status 0.152
I-II 57 (68.67) 90 (59.21)
III-IV 26 (31.33) 62 (40.79

Kellgren–Lawrence 0.389
1-2 10 (12.05) 13 (8.55)
3-4 73 (87.95) 139 (91.45)

Dominant side 0.947
Right 70 (84.34) 127 (84.67)
Left 13 (15.66) 23 (15.33)

Knee affected side 0.017*
Right 23 (27.71) 29 (19.33)
Left 7 (8.43) 34 (22.67)
Both 53 (63.86) 87 (58.00)

Underlying diseases
Diabetes mellitus 25 (30.12) 31 (20.39) 0.094
Hypertension 56 (67.47) 85 (55.92) 0.084
Dyslipidemia 39 (46.99) 77 (50.66) 0.591
Cardiovascular disease 6 (7.23) 14 (9.21) 0.603
Cerebrovascular disease 0 (0) 5 (3.29) 0.164
Chronic kidney disease 27 (32.53) 29 (19.08) 0.021*
Liver disease 1 (1.20) 3 (1.97) 1.000
Others 8 (9.64) 15 (9.87) 0.955

BMD, Bone Mineral Density. BMI, Body Mass Index. ASA, American Society of Anesthesiologists. Data presented as number (%) mean +/� standard
deviation (SD). *P < .05 considered statistically significant.
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patients with hypertension, it can lead to kidney damage by
causing progressive thickening of the arteries and arteri-
oles within the kidney parenchyma. This occurs as a
consequence of a pathogenetic cascade involving atrophy
of vascular smooth muscle cells and increased endothelial
leakiness. 14 Excessive urinary calcium excretion occurs;
consequently, secondary parathyroidism is induced to
increase the serum calcium level by releasing calcium from
the bone, thereby accelerating osteoporosis.15

The most common metabolic bone disease found in the
OA knee clinic at our hospital was vitamin D insufficiency
(53.38%), followed by osteopenia (46.38%), renal im-
pairment (26.69%), and osteoporosis (17.45%). In vitamin

D insufficiency, age of ≥71 years and bilateral OA knee
were the significant risk factors (Table 6). Older people are
prone to vitamin D insufficiency in many ways, such as
reduction in cutaneous synthesis and daily exposure to
sunlight and various diseases, including chronic renal
failure and gastrointestinal malabsorption. Concurrence of
bilateral OA knee symptom such as pain could make
patients unable to perform regular daily activities effi-
ciently or expose themselves to adequate sunlight, re-
sulting in vitamin D insufficiency later on.16-18

Additionally, there are interesting factors regarding the
balance of bacteria in the gut which can further enhance the
absorption of vitamin D.19

Table 7. Univariate Regression Analysis of Osteopenia and Osteoporosis Patients.

Odds Ratio (OR) 95% CI P Value

Age (year)
50-60 Reference
61-70 1.36 0.62-2.96 0.432
≥71 2.52 1.11-5.71 0.027*

BMI (kg/m2)
<25 Reference
25-30 0.64 0.34-1.22 0.182
>30 0.19 0.08-0.40 < 0.001*

Knee affected side
Right Reference
Left 3.85 1.44-10.26 0.007*
Bilateral 1.30 0.68-1.48 0.423

Knee affected side
Unilateral Reference
Bilateral 0.78 0.44-1.35 0.383

Chronic kidney disease 0.48 0.26-0.90 0.022*

BMI, Body Mass Index. *P < 0.1 considered statistically significant. CI, Confident Interval.

Table 8. Multivariate Regression Analysis of Osteopenia and Osteoporosis Patients.

Odds Ratio (OR) 95% CI P Value

Age (year)
50-60 Reference
61-70 1.17 0.50-2.71 0.703
≥71 2.83 1.07-7.47 0.036*

BMI (kg/m2)
<25 Reference
25-30 0.74 0.38-1.44 0.385
>30 0.22 0.14-0.62 < 0.001*

Knee affected side
Right Reference
Left 3.59 1.29-10.02 0.014*
Bilateral 1.35 0.68-2.69 0.392

Chronic kidney disease 0.29 0.14-0.62 0.001*

BMI, Body Mass Index. *P < 0.05 considered statistically significant. CI, Confident Interval.
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Moreover, the risk factors of osteopenia and osteopo-
rosis were age of 71 years or more, BMI above 30 kg/m2,
CKD, and the affected left side (Table8). The age factor
conforms to the Compendium of Osteoporosis (IOF 2019),
which states that bone mass peaks at mid-20s in both sexes
and that it gradually declines with age in males and pla-
teaus, followed by an accelerated period of bone loss for
several years after the menopause, in females. In 2010 in
the US, osteopenia and osteoporosis occurred in 52.2%
and 29.74% of females and 45.83% and 7.1% in males,
both at the age of ≥71 years.20 Regarding BMI, patients
with obesity are at risk for osteopenia and osteoporosis as a
result of several mechanisms, including increased adipo-
cyte differentiation and fat accumulation, decreased os-
teoblast differentiation and bone formation, and increased
osteoclast activity and bone resorption, which are the
consequences of abnormalities in hormones (leptin, es-
trogen, and adiponectin) and cytokines (tumor necrosis
factor-α and interleukin-6).21,22 CKD also has an important
negative impact on bone health; in fact, this condition is
termed by the Kidney Disease Improving Global Outcome
as chronic kidney disease–mineral and bone disorder
(CKD-MBD). Patients with OA knee accompanied with
CKD stages 3a–5D have low BMD and reduced me-
chanical strength, leading to a strikingly elevated risk of
fractures (1.5- to twofold higher than in the general
population).23-27 Normally, we assess BMD at the left neck
of the femur to minimize time, medical costs, and radiation
exposure associated with radiography.28 Measuring at the
nondominant hip is preferred on the basis of the as-
sumption that the nondominant side is less physically
active and thereby exposed to less stress and impact, re-
sulting in lower BMD.24 Many studies confirmed the re-
lationship between lower BMD and ipsilateral OA knee.
For instance, Anand et al showed that the mean BMD in
the ipsilateral neck femur of patients with OA knee at
grades 1, 2, 3, and 4 was 0.95 ± 0.13, 0.92 ± 0.17, 0.75 ±
0.17, and 0.49 ± 0.07 g/cm2, respectively, indicating a
progressive decline, which showed a P-value
of <0.0001.29-33

Limitation

This study has several limitations. First, owing to the
coronavirus 2019 pandemic policy of reducing the con-
gestion of patients in each hospital department, the number
of patients that could apply for BMD testing was only
236 out of 281 patients, accounting for 84% of the overall
population. Second, we had no control group (patients
without OA) to compare with to strongly identify the
relationship of the factors with OA of the knee. Third, the
activity level and home diet could not be accurately
evaluated and standardized because of the individualiza-
tion among patients. Further analysis is necessary to

establish solid evidence in the comparison of risk factors
between the OA and non-OA groups.

Conclusions

Metabolic bone diseases were commonly found in most of
the patients with OA knee, and vitamin D insufficiency,
osteoporosis, and osteopenia conditions were mainly
identified. These preventable conditions have risk factors
that are mostly correctable, for example gain more outdoor
activities, consume vitamin D supplement or start osteo-
porosis treatment program. Given that these conditions can
affect bone strength, they should be given attention to
avoid yielding a negative impact on the treatment outcome
of patients with OA knee.

Acknowledgements

The authors are deeply grateful to all members of the Department
of Orthopedics of Vajira Hospital, Navamindradhiraj University,
Vajira research unit for all co-operation, assistance, data col-
lection, statistical analysis and funding in this study. We would
also like to thank Satit Thiengwittayaporn, Asso Prof. And
Natthapong Hongku. MD. for suggestions and the new point of
view and method in conducting this study.

Declaration of conflicting interests

The author(s) declared no potential conflicts of interest with
respect to the research, authorship, and/or publication of this
article.

Funding

The author(s) disclosed receipt of the following financial support
for the research, authorship, and/or publication of this article:
Research Facilitation Division, Faculty of Medicine Vajira
Hospital, Navamindhradhiraj University.

References

1. Corti MC, Rigon C. Epidemiology of osteoarthritis: prev-
alence, risk factors and functional impact. Aging Clin Exp
Res. 2003;15(5):359-363. doi:10.1007/BF03327356.

2. Lin F, Li Y, Cui W. Injectable hydrogel microspheres in
cartilage repair. Biomedical Technology. 2023;1:18-29.

3. Rorabeck CH, Taylor JW. Periprosthetic fractures of the femur
complicating total knee arthroplasty.Orthop Clin N Am. 1999;
30(2):265-277. doi:10.1016/s0030-5898(05)70081-x.

4. Marshall D, Johnell O, Wedel H. Meta-analysis of how well
measures of bone mineral density predict occurrence of
osteoporotic fractures. Br Med J. 1996;312(7041):
1254-1259. doi:10.1136/bmj.312.7041.1254.

5. Foss MVL, Byers PD. Bone density, osteoarthrosis of the
hip, and fracture of the upper end of the femur. Ann Rheum
Dis. 1972;31(4):259-264. doi:10.1136/ard.31.4.259.

Chaiyavech et al. 7

https://doi.org/10.1007/BF03327356
https://doi.org/10.1016/s0030-5898(05)70081-x
https://doi.org/10.1136/bmj.312.7041.1254
https://doi.org/10.1136/ard.31.4.259


6. Hannan MT, Anderson JJ, Zhang Y, Levy D, Felson DT.
Bone mineral density and knee osteoarthritis in elderly men
and women. The Framingham study. Arthritis Rheum. 1993;
36(12):1671-1680. doi:10.1002/art.1780361205.

7. Burger H, van Daele PL, Odding E, et al. Association of
radiographically evident osteoarthritis with higher bone
mineral density and increased bone loss with age. The
Rotterdam study. Arthritis Rheum. 1996;39(1):81-86. doi:
10.1002/art.1780390111.

8. Hart DJ, Mootoosamy I, Doyle DV, Spector TD. The re-
lationship between osteoarthritis and osteoporosis in the
general population: the Chingford study. Ann Rheum Dis.
1994;53(3):158-162. doi:10.1136/ard.53.3.158.

9. El Demellawy D, Davila J, Shaw A, Nasr Y. Brief review on
metabolic bone disease. Acad Forensic Pathol. 2018;8(3):
611-640. doi:10.1177/1925362118797737.

10. Krugh M, Langaker MD, StatPearls [Internet]. In: Dual-
Energy X-Ray Absorptiometry. Treasure Island (FL): Stat-
Pearls Publishing; 2024. Available from: https://www.ncbi.
nlm.nih.gov/books/NBK519042/

11. Gundry M, Hopkins S, Knapp K. A review on bone mineral
density loss in total knee replacements leading to increased
fracture risk. Clin Rev Bone Miner Metabol. 2017;15(4):
162-174. doi:10.1007/s12018-017-9238-4.

12. Liu C, Xu X, Cui W, Zhang H,Metal-organic framework
(MOF)-based biomaterials in bone tissue engineering, En-
gineered Regeneration 2021;2:105-108, DOI: 10.1016/j.
engreg.2021.09.001. (https://www.sciencedirect.com/
science/article/pii/S2666138121000098)

13. The national council on aging. ncoa.org. https://www.ncoa.
org/article/the-top-10-most-common-chronic-conditions-in-
older-adults

14. Sievers LK, Eckardt KU. Molecular mechanisms of kidney
injury and repair in arterial hypertension. Int J Mol Sci. 2019;
20(9):2138. doi:10.3390/ijms20092138.

15. Nakagami H, Morishita R. Hypertension and osteoporosis.
Clin Calcium. 2013;23(4):497-503.

16. Shinchuk LM, Holick MF. Vitamin D and rehabilitation:
improving functional outcomes. Nutr Clin Pract. 2007;
22(3):297-304. doi:10.1177/0115426507022003297.

17. Wagatsuma A, Sakuma K. Vitamin D signaling in myo-
genesis: potential for treatment of sarcopenia. BioMed Res
Int. 2014;2014:121254. doi:10.1155/2014/121254.

18. Remelli F, Vitali A, Zurlo A, Volpato S. Vitamin D defi-
ciency and sarcopenia in older persons. Nutrients. 2019;
11(12):2861. doi:10.3390/nu11122861.

19. Chen Z, et al. Living probiotic biomaterials for osteoporosis
therapy. Biomedical Technology. 2023;1:52-64.

20. IOF Compendium of Osteoporosis. Osteoporosis Founda-
tion. 2022. https://www.osteoporosis.foundation/sites/
iofbonehealth/files/2020-01/IOF-Compendium-of-
Osteoporosis-web-V02.pdf

21. Cao JJ. Effects of obesity on bone metabolism. J Orthop
Surg Res. 2011;6:30. doi:10.1186/1749-799X-6-30.

22. Gkastaris K, Goulis DG, Potoupnis M, Anastasilakis AD,
Kapetanos G. Obesity, osteoporosis and bone meta-
bolism. J Musculoskelet Neuronal Interact. 2020;20(3):
372-381.

23. Llach F, Bover J, Brenner BM. The Kidney. 6th ed. Phila-
delphia: W B Saunders Company; 2000.

24. Moe S, Drüeke T, Cunningham J, et al. Definition, evalu-
ation, and classification of renal osteodystrophy: a position
statement from kidney disease: improving global outcomes
(KDIGO). Kidney Int. 2006;69(11):1945-1953. doi:10.
1038/sj.ki.5000414.

25. Goldenstein PT, Jamal SA, Moysés RM. Fractures in
chronic kidney disease: pursuing the best screening and
management. Curr Opin Nephrol Hypertens. 2015;24(4):
317-323. doi:10.1097/MNH.0000000000000131.

26. Bover J, Bailone L, López-Báez V, et al. Osteoporosis, bone
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