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ABSTRACT

Background: Bone Mineral Density (BMD) decreases in women aged 40—49
years. Platelet-Lymphocyte Ratio (PLR) is an inflammatory marker involved
in the pathophysiology of osteoporosis. Objective: This study aimed to analyze
the relationship between PLR and BMD in productive-age women for early
osteoporosis risk detection. Method: This analytic observational study with a
cross-sectional design included 107 medical records of productive-age women
at Diponegoro National Hospital from March to September 2024, selected by
consecutive sampling. The relationship between PLR and BMD was analyzed
using the Spearman correlation test. Results: The analysis of Spearman
correlation test showed that there was no significant relationship between PLR
value and BMD value of spine L1 - L4 (p = 0.713; r = -0.036), PLR value and
BMD value of left femur neck (p = 0.883; r=10.014), and PLR value and BMD
value of left femur total (p = 0.532; r = 0.061). Conclusion: There was no
association between PLR and BMD of the L1-L4 spine, left femur neck, or left
femur total; thus, it is not a marker of inflammation.

Copyright ©2026 by Authors. Published by Faculty of Medicine, Universitas Diponegoro Semarang Indonesia. This is an open access article under the CC-BY-NC-SA

(https://creativecommons.org/licenses/by-nc-sa/4.0/).

BACKGROUND

Women of reproductive age, defined as those
aged 1549 years regardless of marital status,
represent a critical period in skeletal health'. During
this phase, peak bone mass is typically achieved,
particularly between the ages of 2029, as a result of
a balanced interaction between bone formation and
resorption, which is highly influenced by hormonal
regulation, especially estrogen.

Low-grade inflammation contributes to
osteoporosis by enhancing osteoclast activity and
impairing bone formation via cytokines such as TNF-
a and IL-6** This chronic inflammatory state,
intensified by aging and estrogen deficiency,
correlates with reduced bone mineral density and
increased fracture risk>’. Targeting inflammatory
pathways may offer novel strategies for osteoporosis
prevention®.

Inflammatory and hormonal pathways are
closely intertwined in bone regulation, particularly

through the modulatory effects of estrogen on immune
function and bone cell activity®. Its deficiency such as
during menopause leads to increased bone turnover
and loss, while other reproductive hormones (e.g.,
FSH, prolactin, oxytocin) contribute to bone
regulation through the hypothalamic-pituitary-
gonadal axis'®!!. Hormonal imbalance significantly
elevates osteoporosis risk, highlighting the importance
of endocrine regulation in bone health!>!3,

With increasing age, the risk of skeletal fragility
rises. Approximately 29% of women over the age of
45 experience bone loss, which contributes to falls and
fractures due to diminished bone mass and quality'“.
Data from Indonesia’s Basic Health Research
(Riskesdas) between 2007-2018 show an upward
trend in fracture prevalence across age groups: 5.3%
(1524 years), 6.2% (25-34 years), 6.5% (3544
years), and 7.9% (4554 years) '°. Notably, more than
half of women with fragile bones (51.47%) still
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menstruate, indicating that bone density disturbances
can occur even before menopause!'®.

International studies emphasize that bone
health in premenopausal women significantly
influences future osteoporosis risk, with early
fractures and reproductive factors (e.g., menarche
and menopause timing) linked to long-term BMD
outcomes'” . Although systemic inflammation
shows weaker associations with BMD in
premenopausal women, hormonal changes and
estrogen exposure remain critical modulators of bone
integrity across the reproductive lifespan'®?°. These
findings highlight the importance of early risk
assessment to inform preventive strategies before
menopause?!.

Osteoporosis is an age-related skeletal disease
characterized by reduced bone mass and
microarchitectural deterioration, which may also
affect women of reproductive age as they approach
menopause’?. Individuals with low BMD are at
increased risk for fractures and long-term skeletal
complications®. Evidence suggests that low bone
density is already present among women aged 40—49,
supporting the need for early screening in this age
group?.

Dual-energy X-ray absorptiometry (DXA) is a
widely used method for measuring BMD, providing
assessments of the whole skeleton and specific
fracture-prone  areas’®*. The World Health
Organization (WHO) recognizes DXA as the global
“gold standard” for BMD measurement®. Common
DXA scan sites include the lumbar spine, femoral
neck, trochanteric region, and distal forearm, with
BMD expressed in grams per square centimeter
(g/cm?)?8,

In recent years, attention has shifted toward
hematological markers such as the Platelet-
Lymphocyte Ratio (PLR), which offers a stable, cost-
effective, and widely accessible indicator of systemic
inflammation compared to cytokines like IL-6 or
TNF-0?"%. PLR has been associated with several
chronic inflammatory conditions and osteoporosis
risk, particularly in postmenopausal women ?’. Chen
et al. (2023) found a negative correlation between
PLR and BMD at the lumbar spine, total femur, and
femoral neck in postmenopausal women?’. Similarly,
Tang et al. (2022) reported PLR as a predictive
marker for osteoporosis risk 2.

Given these findings, women of reproductive
age with low BMD may be at risk for worsening
skeletal health as they transition into menopause.
Considering the established association between
systemic  inflammation and bone loss in
postmenopausal populations, this study aims to
investigate the relationship between Platelet-
Lymphocyte Ratio (PLR) and Bone Mineral Density
(BMD) in women of reproductive age a population
that remains understudied yet holds significant
potential for early preventive intervention.

METHODS

This cross-sectional study was conducted on 107
women of reproductive age at Diponegoro National
Hospital, Semarang, from March to September 2024.
Eligible participants were women aged 15-49 years,
not menopausal, and with regular menstruation within
the past three months ?°. Exclusion criteria included a
history of diabetes mellitus, cardiovascular disease,
autoimmune disorders, malignancy, chronic infectious
diseases, corticosteroid use, or current use of hormonal
contraceptives. The study was approved by the Health
Research Ethics Committee of the Faculty of
Medicine, Diponegoro University
(No.266/EC/KEPK/FK-UNDIP/V/2024).  Statistical
analyses were performed using SPSS version 26.0.
Correlations between Platelet-Lymphocyte Ratio
(PLR) and Bone Mineral Density (BMD) were
evaluated using Spearman’s or Pearson’s correlation
tests, depending on data distribution. The analysis of
Spearman correlation test showed that there was no
significant relationship between PLR value and BMD
value of spine L1 — L4 (p = 0.713; r = -0.036), PLR
value and BMD value of left femur neck (p = 0.883; r
=0.014), and PLR value and BMD value of left femur
total (p =0.532; r=0.061).

RESULTS

A total of 107 women of reproductive age who
met the inclusion and exclusion criteria were enrolled
in this study. For each participant, routine
hematological parameters and Bone Mineral Density
(BMD) measurements were obtained.
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Table 1. Characteristics of study participants

. Mean =+ Median (min—
Variable SD max)
Age (year) 34 +£5,81 33 (25-4%)
Body Weight 76,31 + 72 (49,9 —
(kg) 14,93 137,6)

. 156,06 = 156 (145 -
Height (cm) 5.19 169,5)
Body Mass 341+ 30,1 (20,20
Index/BMI 5 66 53.1)

(kg/m?) : :

BMD

Spine L1 — L4 1,20 + 1,19 (0,92 —
(g/cm?) 0,125 1,52)
Left femur Neck 0,99 + 25,00,98 (0,74
(g/cm?) 0,12 —1,47)
Left femur Total 1,06 + 1,007 (0,79 —
(g/cm?) 0,199 1,98)
Score-Z BMD
. 0,79 + 0,70 (-1,60 —
Spine L1 — L4 1,04 3.40)
0,67 £ 0,50 (-1,50 —
Left femur Neck 0,98 4,60)
0,80 + 0,50 (-1,30 —
Left femur Total 1,02 4.80)
Hemoglobin 13,12+ 13,2 (8,6 —
(g/dL) 1,25 16,1)
319,50 £
3 > _
Platelet (10°/ul) 63.38 307 (168 — 522)
Limfosit (10%/ul) 26255 32 (18 — 45)
15528 = 151,07 (66,33 —
PLR 52,46 314,57)

Note: BMD = Bone Mineral Density, PLR = Platelet-
Lymphocyte Ratio

Table 1 summarizes the characteristics of the
107 included participants. Both mean + SD and
median (min—max) were presented to provide a
clearer description of the data distribution and to
account for potential skewness. The variables
included age, BMD, hemoglobin, platelet count,
lymphocyte count, and PLR, with PLR calculated as
the ratio between the absolute platelet count and
absolute lymphocyte count.

Table 1 presents the mean values of age, BMD,
hemoglobin, platelet count, lymphocyte count, and
PLR among the 107 included participants. PLR was
calculated as the ratio between the absolute platelet
count and absolute lymphocyte count.

The study population consisted of women of
reproductive age, ranging from 25 to 48 years. The
mean BMI was 31.41 kg/m?, with the distribution as
follows: 7 subjects (6.54%) had normal BMI, 45
(42.05%) were overweight, 31 (28.97%) had obesity
class I, 18 (16.82%) had obesity class II, and 6 (5.61%)
had obesity class III. Thrombocytosis was identified in
3 subjects (2.80%), while 104 (97.2%) had normal
platelet counts. In terms of bone mineral density, 3
subjects (2.80%) had low BMD, and 104 subjects
(97.2%) had normal BMD.

Table 2. Correlation between PLR and BMD

BMD PLR
p r
Spine L1 — L4 0,634 -0,047
Left femur Neck 0,669 -0,042
Left femur Total 0,526 -0,062

Based on the Spearman non-parametric
correlation test, Table 2 shows no significant
correlation between PLR and BMD at the spine L1—
L4, left femur neck, or left femur total, as all p-values
exceed 0.05. The correlation coefficients are negative
and very weak, indicating no meaningful association
between PLR and BMD in this population.

DISCUSSION

Based on the results of the Spearman correlation
test, there was no significant association between PLR
and BMD at the L1-L4 spine (p = 0.634; r =-0.036).
This finding is consistent with a previous study by Lee
et al. (2019), which reported no significant
relationship between PLR and BMD. Unlike the
neutrophil-to-lymphocyte ratio (NLR), which has
shown significant correlations with BMD, PLR may
be less sensitive because platelets are not directly
involved in bone resorption pathways such as those
mediated by neutrophils via the RANK/RANKL
system. Thus, NLR appears to be more strongly
associated with BMD than PLR3°. However, this
contrasts with a study by Akbas et al. (2016), which
demonstrated that vitamin D levels decreased with
increasing PLR. Nonetheless, that study did not
directly examine the relationship between PLR and
BMD; therefore, the findings are not directly
comparable to our results®'.
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The correlation analysis between PLR and BMD
at the left femoral neck also revealed no significant
relationship (p = 0.669; r = —0.042). A study by
Onalan et al. (2020) reported that PLR and
lymphocyte counts were significantly higher in
patients with osteoporosis, particularly among
geriatric individuals®*. Aging, often associated with a
chronic low-grade inflammatory state termed
inflammaging, contributes to the pathogenesis of
various chronic diseases, including osteoporosis®**?.
Inflammation =~ promotes  the  release  of
proinflammatory mediators such as interleukin-13
(IL-1B), tumor necrosis factor-a (TNF-a), C-reactive
protein (CRP), and interleukin-6 (IL-6), which reflect
tissue damage and degeneration’*  Estrogen
deficiency, as a primary etiological factor in
osteoporosis, enhances the release of
proinflammatory cytokines, particularly TNF-aq,
leading to osteoclastogenesis and bone resorption.
However, in premenopausal women with
physiologically adequate estrogen levels, these
inflammatory effects are likely suppressed?’.
Therefore, given that the participants in this study
were premenopausal women with optimal estrogen
status, the impact of systemic inflammation on BMD
may not be as pronounced as in postmenopausal or
elderly populations.

Similarly, no significant association was found
between PLR and total left femur BMD (p = 0.526; r
=—0.062). This finding differs from a study by Chen
et al. (2023), which reported a significant relationship
between PLR and total femur BMD in
postmenopausal women. However, their study
excluded participants with a history of malignancy
and also accounted for confounding factors such as
physical activity, diabetes, medication use, and acute
infections, which were not controlled for in our
analysis. These differences may explain the
contrasting results and highlight the potential
influence of unmeasured confounders such as
physical activity levels and metabolic status in the
present study.

Although the current study included many
women with overweight or obese BMI, body fat
distribution was not assessed, making it unclear
whether fat accumulation was predominantly visceral
or subcutaneous. Subcutaneous fat produces more
leptin than visceral fat, which may partly explain why
leptin levels are typically higher in women than in

men, as both fat types are capable of expressing
leptin®®. Recent studies suggest that adipokines are
associated with metabolic diseases such as obesity,
insulin resistance, and diabetes, and play an important
role in bone health. Leptin has been shown to locally
increase bone mass and may mediate the balance
between bone formation and resorption®’.

In addition to PLR, body composition and
metabolic mediators such as leptin should also be
considered, as they may modulate the relationship
between chronic inflammation and bone health.
Elevated leptin levels are associated with poor
metabolic profiles and are a hallmark of obesity®.
Leptin has proinflammatory properties and stimulates
the secretion of proinflammatory cytokines®. The
systemic inflammatory state in obesity may impair
bone remodeling, disrupt bone homeostasis, and
increase the risk of bone loss. Two major mechanisms
underlie this process: the release of proinflammatory
mediators from adipose tissue in obesity, which
reduces osteoblast activity and promotes osteoclast
differentiation and resorption; and the suppression of
osteogenic differentiation of mesenchymal stem cells
(MSCs) in favor of increased adipogenic
differentiation®”.

CONCLUSION

This study found no significant correlation
between the platelet-to-lymphocyte ratio (PLR) and
bone mineral density (BMD) across the examined
anatomical sites in women of reproductive age. These
findings suggest that PLR may not serve as a reliable
inflammatory marker associated with BMD in this
population.

Future studies are warranted to explore the
association between BMD and other systemic
inflammatory markers beyond PLR in women of
reproductive age. In addition, further investigation
should consider stratifying subjects into more specific
subgroups based on age, body composition, hormonal
status, or metabolic profile to better understand the
potential relationship between PLR and BMD.

ETHICAL APPROVAL

The study was approved by the Health Research
Ethics Committee of the Faculty of Medicine,
Diponegoro  University  (No.266/EC/KEPK/FK-
UNDIP/V/2024)
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