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Association between osteoporosis and symptomatic knee
osteoarthritis in postmenopausal women: A case-control study

Abstract

Background: Postmenopausal women with symptomatic knee osteoarthritis (KOA)
may be at increased risk of bone loss due to reduced physical activity. However, findings
on the association between KOA and osteoporosis have been inconsistent. This study
aimed to assess the relationship between symptomatic KOA and bone mineral density
(BMD) in postmenopausal women.

Methods: Postmenopausal women with symptomatic KOA were recruited from a
rheumatology clinic. KOA was diagnosed according to the American College of
Rheumatology (ACR) criteria. Age-matched postmenopausal women without clinical
KOA served as controls. BMD at the femoral neck (FN) and lumbar spine (LS) was
measured using dual-energy X-ray absorptiometry (DXA). Osteoporosis was defined as
a T-score < -2.5 at either site. Statistical analyses included Student’s t-test, chi-square
test, and multiple regression analysis. Data were analyzed using SPSS software.
Results: Seventy participants (35 KOA patients and 35 controls) with mean ages of
61.94£8.7 and 58.8+6.8 years, respectively (P = 0.67), were included. No significant
differences in BMD were found between the groups. However, multiple regression
analysis revealed that obesity was significantly associated with a reduced risk of
osteoporosis (OR = 0.23; 95% CI: 0.058—0.945).

Conclusion: This study found no significant association between symptomatic KOA
and osteoporosis in postmenopausal women. Interestingly, obesity appeared to have a
protective effect against osteoporosis. Further large-scale, long-term studies are needed
to confirm these findings and explore underlying mechanisms.
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Kee osteoarthritis (KOA) is a painful and disabling disease that can profoundly
affect quality of life and physical function (1, 2). KOA is not a localized disease of
cartilage but is considered a chronic disease of the entire joint, which may result from
multiple pathophysiological mechanisms (2, 3). Osteoarthritis (OA) and osteoporosis
are both common in postmenopausal women; these conditions in older adults may be
leading causes of morbidity, mortality, and poor health status (2-4). Approximately 13%
of women aged 60 years and older have symptomatic KOA, and 57.4% of them have
osteoporosis at the femoral neck or lumbar spine (1-4). Local and systemic inflammation
contribute to the development of pain and disease progression in OA (5). In women with
OA, the risk of fracture is higher than in those without OA (6-8). Furthermore, patients
with osteoarthritis, especially symptomatic KOA, have a higher risk of falling, and thus
patients with osteoarthritis and osteoporosis together have a higher risk of fracture (9).
Therefore, the association between symptomatic KOA and osteoporosis is of particular
importance. However, the results of previous studies on this association have been
contradictory, likely due to differences in study designs and characteristics (10—15).
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These inconsistencies may reflect variations in the risk
factors associated with KOA among study populations.
Since some risk factors for KOA may have a protective
effect against bone loss, the relationship between KOA and
osteoporosis may partly depend on the distribution of these
risk factors. A nonlinear, site-specific inverse association
has been demonstrated between osteoporosis and KOA in
subjects over 50 years of age (16). Similarly, an inverse
relationship between osteoporosis and osteoarthritis of the
hands, knees, and lumbar spine was found in participants in
the Chingford’s study (17). In contrast, there were no
significant differences in bone mineral density (BMD) and
osteoporosis in postmenopausal women with KOA aged
4060 years compared with age-matched controls (10). In
postmenopausal women with KOA, in addition to the usual
osteoporosis risk factors, low physical activity due to pain
may also contribute to bone loss and osteoporosis. For these
reasons, people with lower extremity osteoarthritis are at
increased risk of osteoporosis and bone fractures (11, 12,
16, 18-21). In particular, the risk of fracture is higher in
patients with advanced KOA (11, 12). Since osteoarthritis,
falls, and fragility fractures are common in older adults and
that osteoporosis is more common in women, this study was
designed to determine the association between symptomatic
KOA and osteoporosis in postmenopausal women.

Methods

Participants in this study were recruited from patients
visiting the rheumatology clinic of Rouhani Hospital in
Babol, Iran. To be eligible for the study, subjects had to
have symptomatic KOA with a history of knee pain of at
least 3 months and a diagnosis of KOA confirmed by ACR
clinical criteria (22).

Asymptomatic individuals without clinical KOA who
did not meet ACR criteria and visited the same clinic for
laboratory testing or bone densitometry were included as
controls. Participants with a history of knee or hip surgery,
spine surgery, osteoporotic fractures, those taking
medications such as anti-osteoporosis drugs, especially
vitamin D and calcium, within 3 months prior to the study,
those taking corticosteroids, and those with a history of
inflammatory arthritis or septic arthritis were excluded. A
similar set of exclusion criteria was applied to the control
group. Bone mineral density (BMD) at the femoral neck
(FN) and lumbar spine (LS) was assessed by dual-energy x-
ray absorptiometry (DXA) using a Hologic densitometer

and results were expressed as BMD g/cm2, BMD T-score
and BMD Z-score. Osteoporosis was diagnosed according
to the criteria of the International Society for Clinical
Densitometry defined by a BMD T-score < 2.5 at the FN or
LS (23). Data were provided on demographic
characteristics, reproductive characteristics, physical
activity, vitamin D, medication use such as osteoporosis
medications and hormone therapy (table 1). In statistical
analysis, patients and controls were compared based on
BMD parameters at the femoral neck and lumbar spine. In
addition, the prevalence of osteoporosis in the patient group
was compared with that in the control group. Student's t test
was used to compare quantitative variables and the chi-
square test was used to compare categorical variables.
Associations were determined by calculating odds ratios
with 95% confidence intervals (Cls). Multiple regression
analysis with adjusted odds ratios was used to determine
independent associations.

Results

Thirty-five patients and 35 controls with mean
agetstandard deviation of 61.9+8.69 and 58.8+6.8 years,
respectively, were studied (P = 0.67). The characteristics of
the study population are presented in table 1. In univariate
analysis, the values of all bone density parameters,
including BMD g/cm2, BMD T-score, and Z-score of BMD
at the femoral neck and lumbar spine in patients were lower
than those in the control group, but the difference did not
reach statistical significance (table 1).

Similarly, the prevalence of osteoporosis in patients
compared with controls did not reach statistical significance
(33.3% vs. 22.2%, P = 0.42). In multivariate logistic
regression analysis after adjusting for all covariates such as
vitamin D deficiency, general and abdominal obesity,
lactation period, parity, menopause, physical activity, the
association between symptomatic KOA and osteoporosis
did not change and remained nonsignificant at adjusted OR
= 3.14 (95% CI, 0.608-16.23, P = 0.17). Interestingly,
general obesity (BMI > 30 kg/m2) was significantly
associated with a reduced risk of osteoporosis in
symptomatic KOA patients with an adjusted OR = 0.23
(95% CI, 0.058-0.945, P =0.041). None of the conventional
risk factors for osteoporosis such as abdominal obesity,
vitamin D deficiency, physical activity, and menopause
duration were associated with osteoporosis at the femoral
neck or lumbar spine.
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Table 1. Characteristics of study population with symptomatic knee osteoarthritis and healthy controls

Case Control

Variables No=35 No=35 P-values
Mean+SD Mean+SD

Age, year 61.9+£8.69 58.946.8 0.67

Age>60 years, no (%) 21 (60) 14 (40) 0.33
Duration of lactation, months 22.6+17.8 20.2+11.9 0.52
Age of menopause, years 47.6+8.9 47.6+9.3 0.90
Abdominal obesity, no (%) ¥ 32 (91.4) 31 (88.6) 0.92
Waist circumference, cm 11 £17.6 108.2+15.7 0.46
Parity 414422 13.34+1.67 0.09

No of children (%) >3 21 (60) 16 (45.7) 0.5
Vitamin D deficiency, no (%) * 33 (94.3) 12 (34.31 0.007
Body mass index, kg/m ? 30.6+5.3 29.4+3.7 0.62
General obesity, no (%) & 18 (51.4) 16 (45.7) 0.77
Menopausal duration, years 13.4+1.6 13.0+1.4 0.28
Menopausal duration > 5 years, no(%) 27 (77.1) 24 (68.6) 0.74
Lactation period > 12 months, no (%) 25 (71.4) 24 (68.5) 0.91
Weekly physical activity >3 hours, no (%) 10 (28.5) 15 (43) 0.38
FNBMD g/cm ? 0.835+217 0.862+0.23.9 0.62

LS-BMD g/cm ? 1.067+0.276 1.07-1.58 0.92

FN T —score -1.44+1.62 -1.044+1.94 0.35

FN Z- score * -0.335+1.57 -0.188+1.92 0.73

LS T-score * -1.099+1.89 -0.331+2.01 0.10

LS Z- score” 0.0364+1.82 0.482+2.03 0.34
FN-Osteoporosiss no (%) * 10 (27.7) 6 (16.6) 0.36
LS-Osteoporosis, no (%) 9 (25) 6 (16.1). 0.48

Either FN or LS Osteoporosis, no (%) ¥ 12 (33.3) 8(22.2) 0.42
Physical activity> 3 h weekly, no (%) * 10 (27.7) 15 (41.6) 0.38
Age > 60 years, no (%) 21 (58.3) 14 (38.02) 0.33

* Self-reported data

# Serum 25 hydroxyvitamin D < 20 ng/ ml

¥ LS (lumbar spine) and FN (Femoral neck) Osteoporosis defined as BMD T-score < -2.5
¥ Abdominal obesity defined as waist circumference > 95 cm

% General obesity defined as BMI > 30 kg/ m?
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Table 2. Independent association between symptomatic knee osteoarthritis and risk of osteoporosis at the femoral neck

or lumbar spine after adjustment for other covariates by multiple regression’'n analysis

Patients vs Controls

Vitamin D
Deficiency vs sufficiency
Abdominal obesity
Yes vs No
Obesity
BMI <30 vs > 30 kg/m?
PhysicalActivity
<3 h weekly vs > 3 h weekly

Menopausal duration, years> 5 years vs <5 years

Parity
<3 children vs > 3 children
Lactation period
>12 months vs <12 months

BMI: Body mass index, kg/m 2

Discussion

The results of this study showed no association between
symptomatic KOA and osteoporosis in postmenopausal
women. However, there was a trend toward no significantly
lower values of all BMD parameters in symptomatic KOA
patients compared with controls. Furthermore, the
difference in osteoporosis at the femoral neck and lumbar
spine was not significant (33.3% vs 22.2%). However,
almost similar prevalence rates of osteoporosis were
reported in two previous studies of KOA patients, 39.5%
and 23%, respectively (16, 11). The relationship between
BMD and KOA varies among studies (10, 12-17). The
results of our study are consistent with the results of several
previous studies (10, 14, 15). Bae and et al., (14) in a study
of Korean men and women over 65 years of age found no
significant differences in BMD values between men and
women with and without radiographic osteoarthritis of the
hands or knees (14). Similar observations were also
observed in a study of vitamin D-deficient postmenopausal
women with primary KOA aged 40 to 60 years (10).
Furthermore, in the Baltimore Longitudinal Study, there
was no association between hip BMD values and
radiographic changes in KOA in either men or women (15).
However, several studies have found lower BMD in KOA
patients compared with controls (12, 13). In a study of 195
patients with symptomatic KOA, low BMD at the proximal
femur (femoral neck, trochanter, intertrochanteric, and total
hip) was positively correlated with joint space width (12).
However, the participants in this study were different from
ours. The mean age was higher and BMD was lower, with a

Adjusted odds ratio 95% (confidence interval). P-value

3.143 0.608-16.23 0.172
0.937 0.068-12.90 0.961
1.000 0.149-6.71 1.000
0.234 058-.945 0.041
1.246 0.305-5.09 0.760
1.733 0.455-6.60 0.420
0.526 0.145-1.90 0.327
2.003 0.552-7.26 0.291

K-L grade of 3 or 4 on radiographs in 73% of patients. Wen
and et al., (13) in a study of men and women found an
inverse association between KOA scores and BMD of the
femoral neck and lumbar spine. Conversely, two studies
found higher BMD values in patients with osteoarthritis (16,
17). In the fourth and fifth cohorts of the Korean National
Health and Nutrition Examination Survey, adjusted BMD
values at the femoral neck and lumbar spine were
significantly higher in subjects with KOA. Among KOA
patients, there is an inverse relationship between BMD and
KOA severity (16). In the Chinford study population, a
slight increase in BMD was observed in middle-aged
women with early-onset osteoarthritis of the hands, knees,
and spine (17). The inconsistent results between studies
may be due not only to the characteristics of the study
population, such as age, risk factors, and severity of KOA
(1, 2), but also to the study design, sample size, and common
coexisting conditions that are associated with KOA patients
and have opposing effects on bone mass.

For example, osteoarthritis and osteoporosis share
multiple risk factors, including age, vitamin D deficiency,
muscle weakness, inflammation, obesity, and mechanical
overload (24). Obesity and mechanical overload accelerate
the progression of osteoarthritis, but may have a preventive
effect on BMD loss (3, 7, 25, 26). Our study has certain
limitations. The small sample size is the main limitation.
With larger samples, smaller differences may be detected.
Another limitation of this study may be the poor
concordance between clinical criteria for ACR and
symptomatic KOA. We did not perform knee radiographs
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in the control group. The low specificity of the ACR criteria
may have made it possible to include asymptomatic KOA
in the control group and subsequently underestimate the
difference in BMD. Another limitation of this study may be
attributed to inaccurate self-reported data. Most
postmenopausal women typically take calcium and vitamin
D to prevent osteoporosis and fractures. However, we did
not include patients who had received calcium or vitamin D
in the three months prior to inclusion in the study. Since the
collected data are self-reported, the impact of potential over-
or underestimation cannot be excluded. However, the effect
on the statistical analysis is expected to be minimal because
the distribution of participants taking these medications in
both the case and control groups is likely similar and should
not significantly affect the results.

However, our study was interested in collecting data to
support the results. Data regarding many factors associated
with KOA and bone loss such as physical activity, obesity,
age, and menopause were similar between the two groups.
Therefore, the presence of changes in BMD between groups
is unlikely. However, the impact of symptomatic knee OA
on BMD is a long-term process and cannot be demonstrated
in a cross-sectional study but must be demonstrated in a
longitudinal study. In conclusion, the results of this study
demonstrate no significant differences in bone mineral
density (BMD) or the prevalence of osteoporosis between
patients with symptomatic knee osteoarthritis (KOA) and
healthy controls. The clinical relevance of these findings
lies in the observed lack of association between low
physical activity and osteoporosis in postmenopausal
women with symptomatic knee osteoarthritis. This suggests
that the potential negative effect of low physical activity on
bone mass may be counterbalanced by weight gain, which
could exert a protective effect on bone density. However, it
is important to recognize that further longitudinal studies
with larger sample sizes are required to thoroughly explore
and confirm these findings.

Acknowledgments

The present study was supported by Babol University of
Medical Sciences and we thank the Clinical Research
Development Unit of Rouhani Hospital.

Funding: None.

Ethics approval: This study was approved under the ethical
approval code of IRRMUBABOL.HRI.REC.1397.241 in
Babol University of Medical Sciences.

Conflict of interests: None declared.

Authors’ contribution: Conceptualization: KN and MB,
Data curation: KN, Formal analysis: MB and KN,
Methodology: MB and KN, Project administration MB,
Resources: KN and MB. Supervision: MB, Validation: MB
and KN

References

1. Hsu H, Siwiec RM. Knee osteoarthritis. In: StatPearls.
Treasure Island (FL): StatPearls Publishing 2024.
Available from:
https://www.ncbi.nlm.nih.gov/books/NBK507884/.
Accessed Jun 26, 2023.

2. Heidari B. Knee osteoarthritis prevalence, risk factors,
pathogenesis and features: Part 1. Caspian J Intern Med
2011; 2: 205-12.

3. Hayami T. Osteoarthritis of the knee joint as a cause of
musculoskeletal —ambulation disability = symptom
complex (MADS) Clin Calcium 2008; 18: 1574-80.

4. Zhang Y, Jordan JM. Epidemiology of osteoarthritis.
Clin Geriatr Med 2010; 26: 355-69.

5. Avci D, Bachmann GA. Osteoarthritis and osteoporosis
in postmenopausal women: clinical similarities and
differences. Menopause 2004; 11: 615-21.

6. Berteau JP. Knee pain from osteoarthritis: Pathogenesis,
risk factors, and recent evidence on physical therapy
interventions. J Clin Med 2022; 11: 3252.

7. Geusens PP, van den Bergh JP. Osteoporosis and
osteoarthritis: shared mechanisms and epidemiology.
Curr Opin Rheumatol 2016; 28: 97-103.

8. Sambrook P, Naganathan V. What is the relationship
between osteoarthritis and osteoporosis? Bailliere's Clin
Rheumatol 1997; 11: 695-710.

9. Lin MR, Hwang HF, Lin PS, Chen CY. Relations of
osteoporosis and follow-up duration to recurrent falls in
older men and women. Osteoporos Int 2014; 25: 863—
71.

10. Dhaon P, Das SK, Srivastava R, Asthana A, Agarwal G.
Osteoporosis in postmenopausal females with primary
knee osteoarthritis in a vitamin D deficient population. J
Assoc Physicians India 2017; 65: 26-9.

11.Lingard EA, Mitchell SY, Francis RM, et al. The
prevalence of osteoporosis in patients with severe hip
and knee osteoarthritis awaiting joint arthroplasty. Age
Ageing 2010; 39: 234-9.

12.Im GI, Kwon OJ, Kim CH. The relationship between
osteoarthritis of the knee and bone mineral density of
proximal femur: a cross-sectional study from a Korean
population in women.Clin Orthop Surg 2014; 6: 420-5.


https://www.ncbi.nlm.nih.gov/books/NBK507884/

Caspian Journal of Internal Medicine 2025 (Autumn); 16(4): 686-691

Osteoporosis and symptomatic knee osteoarthritis in postmenopausal women

13.Wen L, Shin MH, Kang JH, et al. The relationships
between bone mineral density and radiographic features
of hand or knee osteoarthritis in older adults: data from
the Dong-gu Study. Rheumatology (Oxford) 2016; 55:
495-503.

14. Bae KJ, Gong HS, Kim KW, et al. Evaluation of femoral
neck bone mineral density and radiographic hand and
knee osteoarthritis in a Korean elderly population. Clin
Orthop Surg 2014; 6: 343-9.

15. Lethbridge-Cejku M, Tobin JD, Scott WW Jr, et al.
Axial and hip bone mineral density and radiographic
changes of osteoarthritis of the knee: data from the
Baltimore Longitudinal Study of Aging.J Rheumatol
1996; 23: 1943-7.

16.Kim YH, Lee J, Park JH. Association between bone
mineral density and knee osteoarthritis in Koreans: the
Fourth and Fifth Korea National Health and Nutrition
Examination Surveys. Osteoarthritis Cartilage 2018; 26:
1511-7.

17.Hart DJ, Mootoosamy I, Doyle DV, Spector TD. The
relationship between osteoarthritis and osteoporosis in
the general population: the Chingford Study. Ann
Rheum Dis 1994; 53: 158-62.

18. Edwards MH, van der Pas S, Denkinger MD, et al.
Relationships between physical performance and knee
and hip osteoarthritis: findings from the European
Project on Osteoarthritis (EPOSA). Age Ageing 2014;
43: 806-13.

19. Alghadir AH, Gabr SA, Al-Eisa E. Physical activity and
lifestyle effects on bone mineral density among young
adults: sociodemographic and biochemical analysis. J
Phys Ther Sci 2015; 27: 2261-70.

20. Schmitt NM, Schmitt J, Déren M .The role of physical
activity in the prevention of osteoporosis in
postmenopausal women—an update. Maturitas 2009;
63:34-8

21.Moayyeri A. The association between physical activity
and osteoporosis fractures. A review of the evidence and
implication for future research. Ann Epidemiol 2009;
18: 827-35

22.Peat G, Thomas E, Duncan R, et al. Clinical
classification  criteria for knee osteoarthritis:
performance in the general population and primary care.
Ann Rheum Dis 2006; 65: 1363-7.

23.Hans D, Downs RW, Duboeuf F. Skeletal site for
osteoporosis diagnosis: the ISCD Official Positions. J
Clin Densitom 2006; 9: 15-21.

24.Bijelic R, Milicevic S, Balaban J. Risk Factors for
osteoporosis in postmenopausal women. Med Arch
2017; 71: 25-28.

25. Thulkar J, Singh S, Sharma S, Thulkar T. Preventable
risk factors for osteoporosis in postmenopausal women:
Systematic review and meta-analysis. J] Midlife Health
2016; 7: 108-13.

26.Remelli F, Vitali A, Zurlo A, Volpato S. Vitamin D
deficiency and sarcopenia in older persons. Nutrients
2019; 11: 2861.



