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[T I N

Abstract: Osteoporosis is characterized by low bone mass and increased bone fragility. Numer-
ous studies have suggested that inflammation contributes to its pathogenesis. The neutrophil-to-
lymphocyte ratio (NLR) and platelet-to-lymphocyte ratio (PLR) are simple, noninvasive biomarkers
that can reflect the inflammation status on human body. However, evidence on their associations with
osteoporosis remains scant. The PubMed, Embase, and Cochrane Library databases were searched for
relevant studies from their inception to April 2022. Observational studies providing complete NLR
or PLR data in both the osteoporosis and normal bone mineral density (BMD) groups were included.
Studies involving individuals at risk of secondary osteoporosis or restricted to a certain disease
population were excluded. The main outcome was the associations of NLR and PLR with osteoporo-
sis. Between-group differences were measured using mean differences (MDs) and 95% confidence
intervals (CIs). In our analysis, both NLR and PLR were significantly higher in the osteoporosis group
(MD = 0.494, 95% CI: 0.339-0.649, p < 0.0001; MD = 23.33, 95% CI: 4.809-41.850, p = 0.014, respectively)
than in the normal BMD group. NLR was significantly higher in postmenopausal women with
osteoporosis (MD = 0.432, 95% CI: 0.309-0.544, p < 0.0001). Our findings suggest the associations of
NLR and PLR with osteoporosis. NLR and PLR constitute potential targets in osteoporosis screening.

Keywords: neutrophil-to-lymphocyte ratio; platelet-to-lymphocyte ratio; osteoporosis; bone mineral
density

1. Introduction

Osteoporosis is a metabolic skeletal disease characterized by reduced bone mass,
increased bone fragility, and the microarchitectural deterioration of bone tissue, which
result in susceptibility to fracture [1]. Osteoporosis is especially common in older men
and postmenopausal women; an overview revealed that one-third of women aged more
than 50 years will experience osteoporotic fractures at some point in their lifetime, as will
one-fifth of older men [2]. Osteoporotic fractures account for 0.83% of the global burden
of noncommunicable diseases, with an osteoporotic fracture occurring every 3 seconds [3].
Considering the rapid aging of the population globally, osteoporosis constitutes a consider-
able public health concern because of its associated fracture risks and care demands [4].

Osteoporosis is a multifactorial disease, which may be attributed to endocrine, metabolic,
and mechanical factors. Risk factors for osteoporosis include older age, being female, es-
trogen deficiency, and long-term use of medications such as glucocorticoids [5]. Emerging
evidence suggests that inflammation plays an essential role in bone turnover [6]. Chronic
inflammation and aging-related immune system remodeling are potentially associated
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with the pathogenesis of osteoporosis [7]. Experimental studies have indicated that several
proinflammatory cytokines, including interleukin (IL)-1, IL-6, and tumor necrosis factor
(TNEF), are linked to reduced bone mass and increased fracture risk [6]. High-sensitivity
C-reactive protein (CRP), a commonly used clinical marker of systemic inflammation, is
correlated with bone mineral density (BMD) and osteoporotic fracture in several immune
and inflammatory diseases as well as in healthy individuals, which suggests a relationship
between subclinical systemic inflammation and osteoporosis [8]. Despite the strong asso-
ciation between inflammatory markers and bone loss, researchers have not determined
which marker is the most critical for bone health and the most suitable for use in clinical
osteoporosis screening [9].

The neutrophil-to-lymphocyte ratio (NLR) and platelet-to-lymphocyte ratio (PLR),
the ratio of absolute neutrophil and platelet count to absolute lymphocyte count, are
simple, cost-effective, and noninvasive biomarkers that can reflect the inflammation status
on human body [10]. Several studies have shown that they are useful markers in the
assessment of inflammatory response and disease activity in autoimmune disorders such
as systemic lupus erythematosus and rheumatoid arthritis [11]. However, few studies
have reported on the correlations of NLR and PLR with osteoporosis even with increasing
evidence of the role of inflammation in the pathogenesis of osteoporosis. No conclusive
evidence has been provided on the associations of these two biomarkers with osteoporosis.

Considering the limited and inconclusive state of the literature, we performed a
meta-analysis probing the differences in NLR and PLR between individuals with and
without osteoporosis. We hypothesized that both NLR and PLR were higher in individuals
with osteoporosis.

2. Materials and Methods
2.1. Search Strategy and Identification of Eligible Studies

This study was performed in adherence to the Preferred Reporting Items for Systematic
Reviews and Meta-analyses statement (PRISMA) [12]. The two reviewers (Y.-C.L. and T.-1.Y.)
searched the PubMed, Embase, and Cochrane Library databases for relevant publications
with no language restrictions applied. The following search keywords were employed:
(“neutrophil to lymphocyte ratio” or “neutrophil lymphocyte ratio” or “NLR” or “platelet
to lymphocyte ratio” or “platelet lymphocyte ratio” or “PLR”) and (“osteoporosis” or “bone
mineral density” or “bone loss”). All databases were searched from their inception to April
2022. To broaden the search, the reference lists of the studies relevant to this topic were
screened; we also identified additional studies by manually searching in Google Scholar.
This study had been registered in the International Prospective Register of Systematic
Reviews (registration no. CRD42022330409).

2.2. Inclusion and Exclusion Criteria

The inclusion criteria were as follows: (1) published observational studies with full
texts, (2) studies measuring BMD with validated methods such as dual energy X-ray absorp-
tiometry and providing clear definition of osteoporosis (such as a T score of <—2.5 standard
deviations), and (3) studies providing complete data on NLR or PLR in both the osteoporo-
sis and normal BMD groups.

The exclusion criteria were as follows: (1) studies including patients at risk of sec-
ondary osteoporosis (such as those with parathyroid diseases), (2) studies including pa-
tients with certain clinical conditions which may interfere with NLR or PLR values (such
as cancer, acute infectious diseases, or hematological disorders), (3) studies including pa-
tients restricted to a certain disease population, or (4) studies in which NLR or PLR data
corresponding to the osteoporosis and normal BMD group were unavailable or incomplete.

2.3. Data Extraction and Appraisal of Methodological Quality

The two reviewers (Y.-C.L. and T.-1.Y.) independently identified potentially relevant
studies, reviewed the full texts of the articles, and extracted baseline and outcome infor-
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mation from either the datasets or figures and tables. Extracted information included the
author, country, published year, study design, sample size, sex distribution, mean age,
methodology for the measurement of bone mineral density, prediction model for osteo-
porosis (NLR or PLR), and complete NLR or PLR data. For studies reporting NLR and
PLR data as median with full range, a conversion into mean with standard deviation was
conducted following a validated statistical method [13].

The methodological quality of the included studies was assessed using a modified
version of the Newcastle-Ottawa scale (NOS) [14], adapted from NOS for cohort studies to
provide quality assessment of cross-sectional studies. The modified NOS comprises three
domains, namely selection, comparability, and outcome, with a total maximum score of
ten. High-quality studies had a total score of seven to ten; studies that scored below four
were regarded as being low quality. The two reviewers (Y.-C.L. and T.-1.Y.) independently
evaluated the methodological quality of the included studies. Any disagreements in the
data extraction and appraisal process were resolved through discussion with the third
reviewer (Y.-P.C.).

2.4. Outcomes

The main outcome of interest was the associations of NLR and PLR with osteoporosis,
evaluated by differences in NLR and PLR values between the osteoporosis and normal
BMD groups. We performed subgroup analysis to furtherly determine the association of
NLR with osteoporosis in postmenopausal population. Considering that age and diabetes
mellitus (DM) are confounders of NLR value [15,16], which may affect our results, we
conducted meta regression to evaluate their effects on the between-group differences
in NLR.

2.5. Statistical Analysis and Data Synthesis

For meta-analysis, the data were analyzed using Comprehensive Meta-Analysis Soft-
ware (Biostat, Englewood, NJ, USA). Differences in NLR and PLR between the osteoporosis
and normal BMD groups were estimated using mean differences (MDs) and 95% confidence
intervals (Cls); a p value of < 0.05 indicated significance. The random-effect model was
selected for analysis. Heterogeneity among the included studies was examined using the
standard chi-square test and I? test; significance was set at p < 0.05 for standard chi-square
test. Publication bias was evaluated using a funnel plot and through Egger’s test.

3. Results

Figure 1 presents the flowchart of study screening and selection. Our initial search
of the PubMed, Embase, and Cochrane Library databases, as well as of Google Scholar,
yielded 473 studies. After the removal of duplicates, 410 studies were screened according
to their titles and abstracts, after which 386 studies were excluded. For the remaining
24 studies, full text evaluation was performed. Of these studies, 14 were excluded for the
following reasons: full texts were not available for three studies, two were non-related
studies investigating topics out of interest, eight studies did not provide data on NLR
or PLR, and one study provided significant outlying NLR value, which was significantly
higher for our target population. The remaining ten studies were included in the meta-
analysis [17-26]. All the included studies were published in English.
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Figure 1. PRISMA flowchart of the selection of included studies.

Table 1 presents details on the baseline characteristics of the included studies. The
ten studies were all cross-sectional design, published between 2009 and 2021, conducted
in China, Korea, Oman, and Turkey, and comprised 2616 individuals (1830 with osteo-
porosis, 786 with normal BMD) in total. Six studies comprised only postmenopausal
women [17,18,20,21,25,26], and the other four studies included adults with no restrictions
on sex [19,22-24]. Most studies measured bone mineral density by using dual energy X-ray
absorptiometry, and recorded as T-score; measured sites included lumbar spine, pelvis,
femoral neck, proximal femur, and total femur. All studies provided data on NLR in both
the osteoporosis and normal BMD groups; five studies provided data on PLR [17-19,21,22].
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Table 1. Baseline characteristics of the included studies.
Author Study Sample Female Mean Age  Methodology for BMD
(Year) Country Design (N) (n, %) (Years) Measurement; Site Model
Eroolu et al 0sS- DEXA; lumbar spine,
OBV A Turkey Cross 140 140, 100% 54.21 total femur, femoral NLR, PLR
(2019) [18] sectional
neck
Gao et al,, . Cross- o DEXA; lumbar spine,
(2019) [19] China sectional 210 119, 56.7% 57.16 femoral neck NLR, PLR
Huang et al., . Cross- o DEXA; lumbar spine,
(2016) [20] China sectional 173 173,100% 622 left total femur NLR
Kaleetal.,, Cross- o DEXA; lumbar spine,
(2021) [21] Turkey sectional 74 74,100% 5962 femoral neck NLR, PLR
Onalan et al., Cross- o )
(2020) [22] Turkey sectional 215 177,82.3% 73.73 DEXA; not declared NLR, PLR
Ozturk et al Cross- DEXA; lumbar spine,
v Turkey . 1011 608, 60.1% 72.63 total femur, femoral NLR
(2013) [23] sectional
neck
Qin etal., . Cross- o ;
(2021) [24] China sectional 29 20, 69.0% 59.96 QCT; not declared NLR
Salmani et al., Cross- o DEXA; lumbar spine,
(2021) [17] Oman sectional 286 286, 100% 6441 pelvis, femoral neck NLR, PLR
Seo etal., Cross- o DEXA; lumbar spine,
(2009) [25] Korea sectional 66 66, 100% 56.53 proximal femur NLR
Yu et al., . Cross- . DEXA; lumbar spine,
(2015) [26] China sectional 412 412,100% 74.95 femoral neck NLR

Abbreviations: BMD, bone mineral density; DEXA, dual energy X-ray absorptiometry; NLR, neutrophil-to-
lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; QCT, quantitative computed tomography.

The methodological quality of the included studies was assessed using the modified
NOS, with results shown in Supplementary Materials (Table S1). Of the ten studies, eight
were determined to be high quality [18,19,21-26]; the remaining two studies were regarded
as moderate quality due to poor baseline control for potential confounders of NLR and
PLR [17,20].

3.1. Association of NLR with Osteoporosis
3.1.1. Mean Difference in NLR between the Osteoporosis and Normal BMD Groups

As mentioned, all included studies provided data on NLR in both the osteoporosis
and normal BMD groups. Our analysis showed that NLR was significantly higher in
the osteoporosis group than in the normal BMD group (MD = 0.494, 95% CI: 0.339-0.649,
p < 0.0001; Figure 2). The heterogeneity among the included studies was nonsignificant
(I?: 46%, p = 0.055; Figure 2).
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Study name Statistics for each study Difference in means and 95% ClI
Difference Standard Lower Upper

in means error Variance limit limit Z-Value p-Value
Eroglu 2019 0.690 0.337 0.114 0.029 1.351 2.045 0.041 &
Gao 2019 1.150 0.217 0.047 0.724 1.576 5.289  0.000 —ril—
Huang 2016 0.620 0.169 0.029 0.289 0.951 3.670 0.000 —il—
Kale 2021 0.440 0.157 0.025 0.132 0.748 2.797 0.005 —
Onalan 2020 1.200 0.628 0.395 -0.031 2.431 1.910 0.056
Ozturk 2013 0.360 0.129 0.017 0.108 0.612 2.801 0.005 -.-
Qin 2021 0.470 0.211 0.044 0.057 0.883 2.230 0.026 ——
Salmani 2021 0.320 0.160 0.026 0.006 0.634 1.999 0.046 —l—
Seo 2009 0.080 0.246 0.060 -0.401 0.561 0.326 0.745 —_—
Yu 2015 0.440 0.093 0.009 0.257 0.623 4.706  0.000 ‘."

0.494 0.079 0.006 0.339 0.649 6.256 0.000 L
-2.00 -1.00 0.00 1.00 2.00

Pooled mean difference (random effect) = 0.494 (0.339-0.649), p < 0.0001
Heterogeneity: Q value = 16.614, df = 9, p = 0.055, = 46% Favours osteoporosis Favours normal BMD

Figure 2. Forest plot of the mean difference in NLR between the osteoporosis and normal BMD
groups [17-26].

3.1.2. Subgroup Analysis

In subgroup analysis, we furtherly analyzed the difference in NLR between the osteoporo-
sis and normal BMD groups in postmenopausal women. Six of the included studies provided
NLR data in both groups and involved postmenopausal women only [17,18,20,21,25,26].
The pooled results showed that NLR was significantly higher in the osteoporosis group
(MD = 0.432, 95% CI: 0.309-0.554, p < 0.0001; Figure 3), with low heterogeneity detected
across the included studies (I%: 0%, p = 0.497; Figure 3).

Study name  Subgroup within study Statistics for each study Difference in means and 95% Cl
Difference Standard Lower Upper

in means error Variance limit limit Z-Value p-Value
Eroglu 2019 Postmenopausal women 0.690 0.337 0.114 0.029 1.351 2.045 0.041
Huang 2016  Postmenopausal women 0.620 0.169 0.029 0.289 0.951 3.670 0.000 ——
Kale 2021 Postmenopausal women 0.440 0.157 0.025 0.132 0.748 2.797 0.005 ——
Salmani 2021  Postmenopausal women 0.320 0.160 0.026 0.006 0.634 1.999 0.046 Pt
Seo 2009 Postmenopausal women 0.080 0.246 0.060 -0.401 0.561 0.326 0.745 ——
Yu 2015 Postmenopausal women 0.440 0.093 0.009 0.257 0.623 4.706 0.000 -.-

0.432 0.063 0.004 0.309 0.554 6.881 0.000 ’
-2.00 -1.00 0.00 1.00 2.00

Pooled mean difference (random effect) = 0.432 (0.309-0.544), p < 0.0001
Heterogeneity: Q value = 4.376, df = 5, p = 0.497, F=0% Favours osteoporosis Favours normal BMD

Figure 3. Forest plot of the mean difference in NLR between the osteoporosis and normal BMD
groups in postmenopausal women [17,18,20,21,25,26].
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3.1.3. Meta Regression

We performed meta regression to evaluate the potential confounding effects of age
and the inclusion of DM patients on the between-group differences in NLR. The mean
age of the enrolled individuals in the included studies ranged from 54.2 to 74.9 years.
Four of the studies excluded individuals with DM [21,22,24,25], whereas others did
not [17-20,23,26]. No significant associations were identified through meta regression (re-
gression coefficient = —0.0083, p = 0.478; regression coefficient = —0.1417, p = 0.444, respec-
tively; Table 2). Scatterplots were shown in the Supplementary Materials (Figures S1 and S2).

Table 2. Meta regression table.

Regression 95% CI, Lower 95% CI, Upper

Moderators Coefficient Limit Limit p Value
Age —0.0083 —0.0312 0.0146 0.478
DM * —0.1417 —0.5044 0.2209 0.444

Abbreviations: CI, confidence interval; DM, diabetes mellitus. * Excluding individuals with DM or not.

3.2. Association of PLR with Osteoporosis
Mean Difference in PLR between the Osteoporosis and Normal BMD Groups

Five of the included studies provided PLR data in both the osteoporosis and normal
BMD groups [17-19,21,22]. PLR was significantly higher in the osteoporosis group than in
the normal BMD group (MD = 23.33, 95% CI: 4.809—41.850, p = 0.014; Figure 4). Significant
heterogeneity was detected across the analyzed studies (I*: 79%, p = 0.001; Figure 4).

Study name Statistics for each study Difference in means and 95% CI

Difference Standard Lower Upper

in means error Variance limit limit Z-Value p-Value
Eroglu 2019 59.760 11.303 127.761 37.606 81.914  5.287 0.000 ——
Gao 2019 9.960 7.588 57.584 -4.913 24.833 1.313 0.189
Kale 2021 24.890 7.169 51.398 10.839 38.941 3.472 0.001 -
Onalan 2020 25.600  20.447 418.081 -14.475 65.675 1.252 0.211 —
Salmani 2021 2.260 8572 73.478 -14.541 19.061 0.264 0.792

23.330 9.450 89.295 4.809 41.850 2.469 0.014 e -

-100.00 -50.00 0.00 50.00 100.00

Pooled mean difference (random effect) = 23.33 (4.809-41.85), p = 0.014

Heterogeneity: Q value = 18.947, df = 4, p = 0.001, F=79% Favours osteoporosis Favours normal BMD

Figure 4. Forest plot of the mean difference in PLR between the osteoporosis and normal BMD
groups [17-19,21,22].

3.3. Publication Bias

We evaluated publication bias in analyses involving five or more studies. Funnel plots
of all the examined analyses were shown in Supplementary Materials (Figures S3-55). No
publication biases were detected through Egger’s test.

4. Discussion

In the present study, our analysis showed that both NLR and PLR were higher in
individuals with osteoporosis compared to those with normal BMD. In the subgroup
analysis of postmenopausal population, NLR was significantly higher in postmenopausal
women with osteoporosis. Through meta regression, we found that the differences in
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NLR between the osteoporosis and normal BMD groups would not be affected by age
and the inclusion of patients with DM. To the best of our knowledge, this is currently the
first and the most extensive study investigating the associations of NLR and PLR with
osteoporosis. Our findings support our hypothesis, demonstrating the link between these
two inflammatory biomarkers and osteoporosis.

The concept that inflammation may contribute to the pathogenesis of osteoporosis
has been proposed in recent years [7,27]. The two dominant causes of primary osteo-
porosis, namely estrogen deficiency and aging, share the same pathological pathway as
inflammation in the progression of BMD loss [28,29]. Both estrogen deficiency and ag-
ing are associated with immune dysregulation, characterized by increased circulating
level of numerous proinflammatory cytokines, including IL-1, IL-6, and TNF, which may
result in a chronic state of systemic and subclinical inflammation [28,30]. With such in-
flammatory stimuli, blood cells including neutrophils and platelets may be activated and
recruited [31,32], which can be reflected by higher NLR and PLR values; furthermore, the
increased circulating levels of proinflaimmatory cytokines and immune cells may all directly
or indirectly affect osteoclastogenesis through various pathways, and thereby the bone
resorption [28,33]. In brief, higher level of inflammation associated with estrogen deficiency
and aging in some individuals, regardless of an individual’s general health condition or
other comorbidities, may be associated with a relatively overactive immune response,
reflected by higher NLR and PLR, and lead to the dysregulation of bone homeostasis and
eventual osteoporosis.

Another possible interpretation can be given for the higher NLR and PLR of individ-
uals with osteoporosis; that is, osteoporosis may result in higher NLR and PLR values
because of its association with impaired hematopoiesis and an unbalanced decline in
myeloid and lymphoid cells [29,34]. Two in vivo studies have reported an increase in
hematopoietic stem cells (HSCs) in bone marrow with increased osteoblast populations in
genetic mutant mice; on the contrary, the targeted deletion of osteoblasts may lead to the
subsequent loss of HSCs [35,36]. In another study conducted in mice, with the depletion of
osteoblasts, both myeloid and lymphoid cells decreased, but the reduction was gradual in
myeloid cells and sharp in lymphoid cells [37]. Taken together, the results suggest that the
functional decline of osteoblasts with the progression of osteoporosis may be associated
with impaired hematopoiesis in the human bone marrow. This impaired state is charac-
terized by the unbalanced reduction of myeloid and lymphoid cells, which may result in
higher NLR and PLR values.

In our study, we investigated the difference in NLR between individuals with and
without osteoporosis in postmenopausal population; NLR was significantly higher in
postmenopausal women with osteoporosis. In addition, we conducted meta regression to
examine whether age and the inclusion of patients with DM would affect the differences
in NLR between the osteoporosis and normal BMD groups. Both age and DM have been
reported to be confounding factors of NLR value [15,16]; older adults and individuals with
DM exhibit higher NLR value. Based on our results, no significant associations were found
between these two confounders and the between-group differences in NLR. The result
regarding DM is supported by a previous study, in which NLR was significantly higher
in patients with osteoporosis in DM population [38]. In sum, our findings support the
potential use of NLR in osteoporosis screening regardless of age or the presence of DM,
and particularly in postmenopausal population.

In our analyses of NLR, heterogeneity among the analyzed studies was generally
nonsignificant, suggesting the strong association between NLR and osteoporosis. However,
significant heterogeneity was detected in our analysis of PLR. Due to the small number
of analyzed studies, we failed to find possible explanations for the high heterogeneity
through subgroup analysis or other approaches. In our opinion, the heterogeneity may
be attributed to the between-study variations, such as inclusion/ exclusion criteria and
enrolled patients’ baseline characteristics or comorbidities. Furthermore, we performed
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References

mathematical conversion to obtain adequate PLR data for outcome pooling for some studies,
which may also affect the results, and thereby the heterogeneity.

Some limitations of our study need to be addressed. Firstly, as mentioned, the number
of the included studies investigating the association of PLR with osteoporosis is small,
which makes our findings regarding PLR less conclusive and comprehensive. Secondly,
although we have provided possible explanations for the increase of NLR and PLR in
patients with osteoporosis, no causal relationships between them can be established because
of the cross-sectional design of all included studies. Thirdly, due to insufficient data, we
could not identify cutoff values of NLR and PLR with acceptable sensitivity and specificity
for predicting osteoporosis; considering the easy accessibility of these two biomarkers,
this may be a future research direction since clinicians may start early interventions, such
as lifestyle modifications, for those at higher risk of osteoporosis, based on their NLR or
PLR values.

5. Conclusions

Both NLR and PLR are higher in individuals with osteoporosis in comparison to those
with normal BMD, which suggests the associations of these two inflammatory biomarkers
with osteoporosis. Further research is warranted to elucidate the roles of NLR and PLR as
predictors of osteoporosis, as well as to identify their applicability to osteoporosis screening
in clinical practice.
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PLR between the osteoporosis and normal BMD groups; Table S1: Methodological quality of the
included studies.
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