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ABSTRACT Objective: The aim of this study is to evaluate the prognos-
tic role of the systemic immune inflammation index (SII) in postmenopau-
sal osteoporosis and to examine the SII, neutrophil-lymphocyte ratio (NLR),
platelet-lymphocyte ratio (PLR), mean platelet volume (MPV), erythrocyte
sedimentation rate (ESR), C-reactive protein (CRP), femur and lumbar bone
mineral densitometry (BMD) T scores and their relationships with each
other. Material and Methods: A total of 139 patients were included in this
retrospective case-control study. Lumbar vertebra 1-4 and femoral neck
BMD T scores, ages, ESR, CRP, MPV values were recorded. NLR, PLR,
and SII values were calculated. Patients with lumbar and femoral T scores
>-1 constituted the control group (n=31); with lumbar or femoral T scores
between -1 and -2.5 constituted the osteopenia group (n=38), <-2.5 consti-
tuted the osteoporosis group (n=37), <-2.5 and one or more fragility fractu-
res constituted the severe osteoporosis group (n=33). Results: SII value was
significantly higher in the osteoporosis group compared to the osteopenia
group (p=0.004). SII value had a diagnostic value in predicting osteoporo-
sis in patients with osteopenia (area under curve: 0.686, %95 confidence in-
terval: 0.565-0.806, p<0.006); the cut-off value for the SII was calculated as
458.46. ESR value was significantly higher in the severe osteoporosis group
compared to the osteopenia group and the control group (p<0.001,
p=0.0080). There was no significant difference between the groups in terms
of other variables (p>0.05). Conclusion: SII value can be a prognostic pre-
dictor that can be used to predict the development of osteoporosis in post-
menopausal osteopenic patients.
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OZET Amag: Bu ¢alismanin amaci, postmenopozal osteoporozda sistemik
immiin inflamasyon indeksinin (SII) prognostik roliiniin degerlendirilmesi
ve SII, nétrofil-lenfosit orant (NLO), platelet-lenfosit orani (PLO), ortalama
platelet hacmi (OPH), eritrosit sedimentasyon hiz1 (ESH), C-reaktif protein
(CRP), femur ve lomber vertebra kemik mineral dansitometri (KMD) T
skorlarmin ve birbirleriyle iliskilerinin incelenmesidir. Gere¢ ve Yontem-
ler: Bu retrospektif vaka-kontrol ¢alismasina 139 hasta dahil edildi. Lom-
ber vertebra 1-4, femur boynu KMD T skorlari, yas, ESH, CRP, OPH
degerleri kaydedildi. NLO, PLO ve SII degerleri hesaplandi. Lomber ve fe-
moral T skoru >-1 olan hastalar kontrol grubunu (n=31); lomber veya fe-
moral T skoru -1 ve -2,5 arasinda olan hastalar osteopeni grubunu (n=38),
<-2,5 olan hastalar osteoporoz grubunu (n=37), <-2,5 ve 1 ya da daha fazla
frajilite kirigi olanlar siddetli osteoporoz grubunu (n=33) olusturdu. Bul-
gular: SII degeri osteoporoz grubunda osteopeni grubuna gére anlamli ola-
rak daha yiiksekti (p=0,004). SII degerinin osteopenik hastalarda
osteoporozu dngdrmede tanisal degeri vardi (egri altindaki alan: 0,686, %95
giiven araligi: 0,565-0,806, p<0,006); SII i¢in kestirim degeri 458,46 olarak
hesaplandi. ESH degeri siddetli osteoporoz grubunda osteopeni ve kontrol
gruplarina kiyasla anlamli olarak daha yiiksekti (p<0,001, p=0,0080). Grup-
lar arasinda diger degiskenler agisindan anlamli farklilik yoktu (p>0,05).
Sonug: SII degeri, postmenopozal osteopenik hastalarda osteoporoz gelisi-
mini 6ngdrmede kullanilabilecek prognostik bir prediktor olabilir.

Anahtar Kelimeler: Osteoporoz; postmenopozal; inflamasyon

Osteoporosis is a multifactorial, systemic skele-
tal disease characterized by changes in the microarchi-
tecture structure of the bone and low bone mineral
density, in which bone fragility and the risk of fracture
development after low-energy traumas are increased."”

3 Postmenopausal osteoporosis is the most common
form of osteoporosis. Estrogen deficiency associated
with menopause affects negatively periosteal bone for-
mation and increases endosteal bone resorption, bone
turnover, and consequently trabecular bone loss.*
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Osteoporosis is an important public health con-
cern.! Symptomatic or radiographic osteoporotic frac-
tures lead to increased morbidity, mortality,
disability, and decreased quality of life.!* When pa-
tients with osteoporosis are not treated early, the so-
cial and personal costs associated with the disease
increase, and fractures also cause serious financial
and psychosocial consequences.!? Early prevention
can be effective in reducing morbidity associated

with osteoporosis.!

Although it is known that densitometric mea-
surement is the most used method in the diagnosis of
osteoporosis and determining the risk of osteoporotic
fractures, it is known that many clinical factors may
increase the fracture risk.!? For this reason, not only
densitometric measurement but also clinical evalua-
tions should be taken into consideration while mak-
ing the diagnosis.*

The opinion that osteoporosis is a disease in
which changes are observed not only in bone but also
in whole-body homeostasis has been accepted in re-
cent years.> New evidence supports the existence of
immune dysfunction and pro-inflammatory response
in osteoporosis pathogenesis.>* The decrease in en-
dogenous estrogen after menopause can lead to an in-
crease in pro-inflammatory cytokines, and this
increase can lead to postmenopausal osteoporosis
through oxidative stress damage and triggering of os-
teoclasts.>¢

Recently, neutrophil-lymphocyte (NLR) and
platelet-lymphocyte ratio (PLR) and mean platelet
volume (MPV) values are frequently used in studies
as new markers reflecting systemic inflammatory re-
sponse.” In addition, in the literature, it was stated that
NLR, PLR, and MPV values are associated with low
bone mineral densitometry (BMD) values and osteo-
porosis.**!! For these reasons, it is thought that sys-
temic inflammatory biomarkers can be used in the
early diagnosis of postmenopausal osteoporosis.’

Systemic immune inflammation index (SII) is a
new index related to systemic inflammation calcu-
lated by the numbers of lymphocytes (L), neutrophils
(N), and platelets (PLT) in peripheral blood defined
in 2014. The index is calculated with the formula
“SII=PLTx N/L.”'"? In the literature, it has started to
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be used in studies of some diseases with systemic in-
flammation, especially in cancer research; there are
studies indicating that high SII values may be asso-
ciated with worse prognosis and can be used as a
prognostic biomarker as well as a helpful marker for
diagnosis.>'>!"” Since it has been shown in studies that
pro-inflammatory processes have a role in the patho-
genesis of postmenopausal osteoporosis, it has been
suggested that the SII value can be used as a systemic
inflammatory biomarker in the early diagnosis of the
postmenopausal osteoporosis and determination of
fracture risk.>2-22

Our goal is to examine the systemic immune in-
flammation index’ prognostic role in postmenopausal
osteoporosis and to examine the SII, NLR, PLR,
MPV, erythrocyte sedimentation rate (ESR), C-reac-
tive protein (CRP), femur and lumbar BMD values
and their relationships with each other.

I MATERIAL AND METHODS

This study is a retrospective case-control study. In the
study, the data of 304 patients evaluated between Jan-
uary 2017-January 2020 with a pre-diagnosis or di-
agnosis of postmenopausal osteoporosis were
retrospectively reviewed. Patients with risk factors
for secondary osteoporosis, acute or chronic infec-
tion, malignancy, rheumatic disease, or systemic dis-
eases that may cause changes in hematological
inflammation parameters and those who were miss-
ing one or more of the parameters planned to be in-
vestigated among the available data were excluded
from the study. Finally, 139 patients were included
in the study.

Lumbar vertebra 1-4 and femoral neck BMD
values T scores, ages, ESR, CRP, neutrophil, leuko-
cyte, platelet levels, and MPV of the patients were
recorded. The NLR was calculated by dividing the
neutrophil count by the lymphocyte count, and the
PLR was calculated by dividing the platelet count by
the lymphocyte count. The SII was calculated with
the “Sll=platelet count Xneutrophil count/lympho-
cyte count” formula.'?

By the World Health Organization (WHO) cri-
teria, the grouping in terms of BMD values was done
as follows; patients with L1-4 vertebra and femoral
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neck T scores greater than -1 standard deviation were
the control group (n=31), between -1 and -2.5 were
the osteopenia group (n=38), below -2.5 were the os-
teoporosis group (n=37), below -2.5 and one or more
fragility fractures were the severe osteoporosis group
(n=33).%

Ethics committee approval was obtained for the
study (date: December 30, 2020, no: 2020-4-26), and
the Helsinki Declaration principles were followed.

STATISTICAL ANALYSIS

Statistical analyzes were performed using the SPSS
(Statistical Package for Social Sciences, SPSS Inc,
Chicago 111, USA) version 20 program. The confor-
mity of the variables to the normal distribution was
examined by visual (histogram and probability
charts) and analytical methods (Kolmogorov
Smirnov/Shapiro-Wilk’s tests), and the homogeneity
of variances was examined using the Levene test. In
the descriptive analysis, all data were expressed as
mean and standard deviation. In the intergroup com-
parisons, one-way variance analysis was used for data
that conform to the normal distribution; the Kruskal-
Wallis test was used for those that did not. In the dou-
ble-group comparisons to determine which 2 groups
have a significant difference, post-hoc analysis
(Tukey corrected) was used for data that conform to
the normal distribution, and the Mann-Whitney U test
(Bonferroni corrected) was used for those that did
not. To examine the relationships between variables,
Pearson correlation analysis (2-tailed) was used for
variables that both conformed to the normal distribu-
tion, and the Spearman test (2-tailed) was used for at
least one which did not. Receiver operating charac-
teristic (ROC) curve analysis was used for diagnostic
decision-making features of the SII value in predict-
ing osteoporosis in osteopenic patients. The numbers
and percentages were used to express the categorical
data. In the comparison of the categorical data, the
chi-square test was used. The statistical significance
level was p=0.008 when Bonferroni correction was
applied. In all other analyzes, it was p=0.05.

I RESULTS

In the comparisons between the groups, there were
significant differences between the groups in terms
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of femoral T score (p<0.001), lumbar vertebra 1-4 T
score (p<0.001), ESR (p=0.01), and SII (p=0.03) val-
ues. No significant difference was found between the
groups in terms of variables other than these
(p>0.05). Age was found similar between the groups
(p=0.71). Table 1 shows the descriptive statistics for
the variables in the study.

The data regarding the comparison results of the
variables between groups are shown in Table 1 also.
While the ESR value was significantly higher in the
severe osteoporosis group compared to the osteope-
nia group and the control group (p<0.001, p=0.0080),
there were no statistically significant differences in
other pairwise group comparisons (p>0.0083). While
the SII value was significantly higher in the osteoporo-
sis group compared to the osteopenia group (p=0.004),
there were no statistically significant differences in
other pairwise group comparisons (p>0.0083).

The results of the ROC analysis performed to ex-
amine the diagnostic decision-making feature of SII
value in predicting osteoporosis in osteopenic patients
are given in Figure 1 and Table 2. As a result of the
evaluation made by ROC analysis, it was seen that the
SII value has a diagnostic value in predicting osteo-
porosis in osteopenic patients (p<0.006). The cut-off
value for SII was calculated as 458.46.

The comparison between osteopenia and osteo-
porosis groups according to the calculated cut-off value
is given in Table 3. In the osteoporosis group, the num-
ber of patients with the SII value was equal to and
greater than the calculated cut-off value of 458.46 was
more than in the osteopenia group (p=0.008).

Table 4 shows the correlations between the vari-
ables in the study. There was a significant, positive, and
excellent correlation between NLR and SII variables
(r=0.88 p<0.001). There was a statistically significant,
positive, very good correlation between PLR and SII
variables (1=0.72, p<0.001). There were statistically sig-
nificant, positive, moderate correlations between
femur T score and lumbar T score variables (r=0.49,
p<0.001), PLR and NLR variables (r=0.54, p<0.001).
There was a statistically significant, negative, low-
moderate correlation between MPV and PLR vari-
ables (r=-0.37, p<0.001). There were low or
insignificant and statistically significant correlations
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TABLE 1: The descriptive statistics and comparison of variables between the groups.
_ Severe osteoporo- | Osteoporosis N .
Total (n=139) sis (n=33) (n=37) Osteopenia (n=38) | Control (n=31) p value
f\rg:;’;efsrm 64.0248.48 63.9148.18 65.167.64 62.8748.70 64.1949.62 071
o : (43/89) (50/86) (49/82) (47/89) (43/77) .
(minimum/maximum)
Eﬁema“r:fs'\g? Tscore-sd 1454117 -2.10£0.86 -2.470.80 -1.290.62 -0.0841.07 001"
o= ! (-4.113.7) (-3.8-0.6) (-4.11-0.6) (-2.210.2) (-1.013.7) :
(minimum/maximum)
(Lr::::jg['\)ﬂ)t’ EETEES 1.844+1.24 2.85+0.92 2474093 1.62+0.43 0.31£0.92 0.001*
S : (-4.712.7) (-4.7/0.5) (-4.4/0.3) (-2.21-0.6) (-1.012.7) :
(minimum/maximum)
(Lr‘r’]r:g’:fgyDt?k/ u 216£0.62 200+0.64 2124055 2224056 22040.77 076
oo ) (1/4.3) (113.6) (1.3/3.7) (1.4/3.4) (1.2/4.3) :
(minimum/maximum)
(Nr::::fgg;‘/ Ml 3.94+1.27 3.75:0.99 4374141 3.64+1.17 4024137 008
e : (1.6/7.9) (2.21/5.8) (2.03/7.9) (1.9/6.8) (1.6/7.3) .
(minimum/maximum)
(Pr:]aégfiggj)' 266.22+69.805 248.15+58.01 285.19+69.25 257.92+49.07 272.97+95.716 "
o= ! (136/643) (136/386) (193/564) (158/356) (150/643) '
(minimum/maximum)
(Er:gr:'l"s‘”[;) 19.73+12.34 26.12414.24 22.24+13.38 13.7447.01 17.26+10.20 0.001*
S : (2/58) (2/58) (5/53) (2/33) (4/47) :
(minimum/maximum)
gf;:}gb) 1.6242.02 1.93+2.08 1.81+2.21 1.06+1.14 1.7742.47 041
o= ) (0.01/11) (0.01/7) (0.01/11) (0.01/4,6) (0.01/11) :
(minimum/maximum)
?:Inz\;-r?wo) 7.77+1.49 7.80+147 7414122 7.73:151 8.10£1.72 030
o : (5.4/13.4) (5.44/11.8) (5.4/11) (5.6/13.4) (5.5/13.3) .
(minimum/maximum)
(PnEeRamSD) 131.85+47.13 127.45+41.92 140.64+38.65 122.74+37.86 137.22+67.31 026
o= ! (63.93/363.57) (67.92/237.86) (77.23/226.21) (63.93/213.75) (63.95/363.57) '
(minimum/maximum)
(’\‘r#eRan+SD) 1.99+0.96 1.99+1.00 2.23+1.11 1.720.69 2.03+0.97 016
o= : (0.71/6.08) (0.9/5.8) (1.05/6.08) (0.76/4.21) (0.71/4.17) :
(minimum/maximum)
(Sr:ean+SD) 534.53+321.8 483.87+236.94 629.90+325.62 448 43+217.15 580.16+453.33 003"
o= ) (166/2235) (189/1284) (248/1787) (166/1096) (194/2235) '
(minimum/maximum)

*Statistical significance level p=0.05; SD: Standard deviation; BMD: Bone mineral densitometry; ESR: Erythrocyte sedimentation rate; CRP: C-reactive protein; MPV: Mean platelet
volume; PLR: Platelet-lymphocyte ratio; NLR: Neutrophil-lymphocyte ratio; SI: Systemic immune-inflammation index.

between age and ESR, age and CRP, age and NLR,
age and SII variables (r=0.20, p=0.02; r=0.25,
p=0.003; r=0.26, p=0.002; r=0.2, p=0.02), lumbar T
score and ESR variables (r=-0.2, p=0.02), ESR and
CRP variables (r=0.24, p=0.004), CRP and MPV
variables (r=-0.21, p=0.01), CRP and PLR, CRP and
NLR, CRP and SII variables (r=0.25, p=0.003;
=0.20, p=0.02; r=0.23, p=0.01), MPV and SII vari-
ables (1=-0.23, p=0.01).

I DISCUSSION

In this study, in which we purpose to examine the
prognostic role of the SII value in osteoporosis, we
found that the SII value was significantly higher in

ROC Curve

Sensitivity

T
02 04

06 08

1 - Specificity

FIGURE 1: ROC curve for the SlI value.
ROC: Receiver operating characteristic.
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TABLE 2: The ROC curve for the Sl value.

Risk factor
Sli

AUC (%95 CI)
0.686 (0.565-0.806)

Cut-Off
458.46

Sensitivity (%)
65.8

Specificity (%)
64.9

p value
0.006*

*Statistical significance level p=0.05; SlI: Systemic immune-inflammation index; ROC: Receiver operating characteristic; AUC: Area under the curve; Cl: Confidence interval.

TABLE 3: Comparison between the groups according to the SlI cut-off value.

S112458.46 (n=38) S11<458.46 (n=37) Total (n=75) p value
Osteopenia 13 (35.1%) 24 (64.9%) 37 (100%) 0.008*
Osteoporosis 25 (65.8%) 13 (34.2%) 38 (100%)
*Statistical significance level p=0.05; SlI: Systemic immune-inflammation index.
TABLE 4: Correlations between the variables.
Age Femur T score Lumbar T score ESR CRP MPV PLR NLR Sli
Age r:-0.09 r:0.08 r: 0.20* r:0.25% r:0.05 r:0.10 r: 0.26** r: 0.20*
p:0.28 p: 0.33 p: 0.02 p: 0.003 p: 0.53 p:0.23 p: 0.002 p: 0.02
Femur BMDT score r:-0.09 r. 0.49* r:-0.06 r.-0.02 r.0.03 r:-0.01 r.-0.10 r:-0.11
p:0.28 p:<0.001 p: 0.45 p: 0.81 p:0.72 p: 0.91 p: 0.25 p:0.21
Lumbar BMD-T score r: 0.08 r: 0.49* r.-0.2* r.-0.08 r. 0.07 r:0.03 r:0.08 r:0.05
p:0.33 p:<0.001 p: 0.02 p:0.38 p: 0.44 p:0.72 p:0.35 p: 0.58
ESR r: 0.20* r:-0.06 r: -0.20* r: 0.24* r.-0.15 r:0.13 r.0.13 r:0.16
p: 0.02 p: 0.45 p: 0.02 p: 0.004 p: 0.08 p:0.13 p: 0.13 p: 0.06
CRP r. 0.25* r:-0.02 r:-0.08 r.0.24* r.-0.21* r.0.25* r:0.20* r.0.23*
p: 0.003 p: 0.81 p: 0.38 p: 0.004 p: 0.01 p: 0.003 p: 0.02 p: 0.01
MPV r:0.05 r:0.03 r: 0.07 r.-0.15 r.-0.21* r.-0.37** r:0.002 r.-0.23*
p: 0.53 p:0.72 p: 0.44 p: 0.08 p: 0.01 p:<0.001 p: 0.98 p: 0.01
PLR r:0.10 r:-0.01 r:0.03 r:0.13 r:0.25* r.-0.37** r. 0.54* r.0.72*
p:0.23 p: 0.91 p: 0.72 p:0.13 p:0.003  p:<0.001 p:<0.001 p:<0.001
NLR r. 0.26* r:-0.10 r:0.08 r:0.13 r. 0.20* r: 0.002 r: 0.54* r: 0.88*
p: 0.002 p:0.25 p: 0.35 p:0.13 p: 0.02 p: 0.98 p: <0.001 p: <0.001
SlI r: 0.20* r:-0.11 r:0.05 r:0.16 r:0.23* r-0.23** r.0.72* r. 0.88*
p: 0.02 p:0.21 p: 0.58 p: 0.06 p: 0.01 p: 0.01 p:<0.001  p:<0.001

*Statistical significance level of correlation p=0.05 (2-tailed); **Statistical significance level of correlation p=0.01 (2-tailed); BMD: Bone mineral densitometry; ESR: Erythrocyte sedi-
mentation rate; CRP: C-reactive protein; MPV: Mean platelet volume; PLR: Platelet-lymphocyte ratio; NLR: Neutrophil-lymphocyte ratio; SlI: Systemic immune-inflammation index.

the patient group with osteoporosis compared to the
patient group with osteopenia and had a diagnostic
value in predicting osteoporosis in patients with os-
teopenia. In other pairwise group comparisons, it was
observed that there was no significant difference in
terms of SII value. In the evaluation of other hema-
tological parameters related to inflammation, the ESR
value was found to be significantly higher in the se-
vere osteoporosis group compared to the normal
group and the osteopenia group; there was no signif-
icant difference between the groups in terms of NLR,
PLR, MPV, CRP values. No statistically significant
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correlation was observed between SII and T scores. It
was observed that the only statistically significant re-
lationship between T scores and inflammation-related
parameters was the negative low or insignificant cor-
relation between Lumbar T score and ESR.

In osteoporosis, which is a major public health
problem and its incidence increases with age, it is a
common opinion to start screening at the age of 65 in
healthy individuals without risk factors for osteo-
porosis. It is recommended to start screening earlier
in patients with risk factors.! The WHO reported that
the best test for measuring bone mineral density is
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scanning the central skeleton with dual X-ray ab-
sorptiometry (DEXA).! However, some reservations,
such as high cost or not being available in all health
centers, may reduce the compliance of post-
menopausal women to screenings with this method.’
It is known that densitometric measurement is the
most used method in the diagnosis of osteoporosis
and determining the risk of osteoporotic fractures, but
it is known that many clinical factors can have im-
portant effects also.!>* It is known that individuals
with a T score below -2.5 according to the DEXA test
have an increased fracture risk. However, there are
more individuals with osteopenia than individuals
with osteoporosis. Therefore, the absolute number of
fractures observed in osteopenic patients is higher
than in osteoporotic patients.?*2¢ For these reasons, it
is thought that treatment strategies based solely on
densitometric measurement may cause individuals
who are at risk of developing osteoporosis and frac-
ture and who may benefit from early interventions to
be overlooked.>**2¢ Therefore, it has become impor-
tant to define easy and effective biomarkers that can
be used to diagnose postmenopausal osteoporosis
early.’

The role of pro-inflammatory systemic response
in the pathogenesis of postmenopausal osteoporosis
has been shown in studies.>**?? The increased inci-
dence of osteoporosis in many rheumatic diseases
with systemic inflammation supports the presence of
inflammatory processes in osteoporosis.?’ Therefore,
it has been suggested that systemic inflammatory
biomarkers can be used in the early diagnosis of post-
menopausal osteoporosis.’

In recent years, there have been studies in the lit-
erature that use NLR, PLR, and MPV values to eval-
uate systemic inflammation in osteoporosis, as in
many diseases, with conflicting results. In our study,
there was no significant difference between the groups
in terms of NLR values. Similar to our study, in the
Eroglu et al.’s study, it was reported that there was no
significant difference between the groups in terms of
NLR values.’ On the other hand, there are studies in the
literature reporting that the NLR value in osteoporosis
is significantly higher compared to the osteopenic and
normal groups and that it is a clinical method that can
be used as an aid in diagnosis. %1128
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There was no statistically significant difference
between the groups in terms of PLR and MPV val-
ues in our study. Similarly, Onalan et al. reported in
their cross-sectional study in 2019 that there was no
significant difference between the groups in terms of
MPV and PLR values in the osteoporosis group com-
pared to the osteopenic and normal groups.® Lee et
al. stated that there was no relationship between PLR
values and BMD values in their study examining the
relationships between PLR and BMD values.® Eroglu
et al. reported that the PLR value was significantly
higher in the osteoporosis group compared to the os-
teopenia and normal groups, and it was an indepen-
dent prognostic
osteoporosis and that there was no significant differ-

factor for postmenopausal
ence between the groups in MPV values.’ On the con-
trary, the studies of Yildirim et al. indicated that MPV
values were significantly more in osteoporosis and
osteopenia compared to controls and reversely corre-

lated with BMD values.!®

In our study, the ESR value was found to be sig-
nificantly higher in the osteoporosis group compared
to the osteopenia and normal group, but there was no
significant difference between the groups in terms of
CRP values. The results of studies evaluating ESR
and CRP values in osteoporosis in the literature are
also contradictory. Findings similar to our study were
reported in the study of Onalan et al. and Oztiirk et
al.%2® On the contrary, Lee et al. reported that there
was a significant relationship between post-
menopausal osteoporosis and CRP values, and the
same situation was not observed with ESR.®

The SII was defined by Hu et al. in 2014 to be used
in predicting prognosis in hepatocellular carcinomas. In
their study, it was stated that a high SII value in hepa-
tocellular carcinomas is a strong poor prognostic indi-
cator.'? SII began to be used in various fields in the
literature, especially in cancer studies, in later periods.
Especially in studies conducted with different types of
cancer patients, it was stated that high SII values are as-
sociated with bad prognosis and low survival rates, and
it has been stated that it can be used as a noninvasive
predictor in predicting prognosis.'*!>17 There are also
recent studies in the literature on various diseases other
than cancer, which are thought to involve systemic in-
flammation in pathogenesis, and the prognostic role of
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the SII value has been investigated. Most notably, in
their study by Fois et al. in 2020, where they evaluated
survival after the novel coronavirus disease-2019
(COVID-19), they showed that the SII value was sig-
nificantly lower in surviving patients; and they stated
that it is a much more important prognostic biomarker
in predicting survival in COVID-19 than hematologi-
cal inflammatory indices (e.g., NLR, PLR) widely used
in research.' In various rheumatic diseases with sys-
temic inflammation, there are also studies reporting SII
value elevations and their correlations with disease ac-
tivities.?>** Since the SII value is based on the platelet,
neutrophil, and lymphocyte counts; it is thought that
it can integrate other inflammatory indices and reflect
a more comprehensive and stable picture.’

In our study, we found the SII value significantly
higher in the osteoporosis group compared to the os-
teopenia group, and we found that the SII value had
a diagnostic value in predicting osteoporosis in 0s-
teopenic patients (cut-off value 458). There are a lim-
ited number of studies in the literature evaluating SII in
osteoporosis. In a prospective cohort study conducted
by Fang et al. and published in 2019, it was stated that
a high SII value is an important predictor of the diag-
nosis of postmenopausal osteoporosis and the risk of
osteoporotic fractures in postmenopausal osteoporosis
patients.” Wang et al., in their study examining the re-
lationship between mortality after hip fractures, which
is one of the well-known conditions associated with os-
teoporosis, and SII, reported that SII value is an inde-
pendent predictor associated with a higher mortality
rate.>* Unlike, we did not find a significant difference
in SII values between the severe osteoporosis group
with a history of osteoporotic fractures and the osteo-
porosis group. We think that the reason why this find-
ing is different from the studies mentioned may be the
retrospective design of our study and the relatively
small sample size. In the study of Du et al., it was re-
ported that SII value and NLR value had a strong neg-
ative correlation with BMD. They stated that, unlike
NLR, this relationship with SII was independent of co-
variates such as age, body mass index, and sex hormone
levels.*® The authors suggested that oxidative stress and
chronic inflammation, which are well-known to be as-
sociated with platelet function, and the role of PLT in
bone formation may be the reason for the difference in
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the predictive effects of SIT and NLR values.*> While
no significant difference was observed between the
groups in NLR values in our study, we think that the
difference in SII values can be explained from this point
of view.

One of the superior aspect of our study is that the
SII value is presented as a valuable and practical method
that can be used to identify patients with a high risk of
developing osteoporosis in the early period and thus
mediate the emergence of earlier and effective treatment
approaches. We think that our study is also important in
terms of showing that the data obtained with the mea-
surements that are frequently used in routine evaluation
(which can be accessed in almost every health center,
will not impose an additional burden on the health sys-
tem, will not tire the patient in the examinations, and
will not waste time) can be used to predict osteo-
porosis. There are some limitations of this study.
The first is that the study is retrospective and the
number of patients is relatively small, and its gen-
eralizability is relatively low for these reasons.
These limitations were tried to be overcome by con-
ducting the study design as a case-control study.
Another limitation is that the menopause duration,
accompanying systemic diseases, and treatments
for osteoporosis were not evaluated. More compre-
hensive information on the subject will be obtained
through prospective studies conducted with larger
patient groups in which these parameters are also
evaluated. In addition, we think that prospective
studies that can be planned in the future, in which
patients with a high SII cut-off value are followed
and evaluated in terms of osteoporosis development
and fracture risk, may provide important contribu-
tions to the literature and clinical practice.

I CONCLUSION

SII value is a prognostic predictor that can be used
to predict the development of osteoporosis in post-
menopausal osteopenic patients. Its use in clinical
practice will enable early diagnosis of patients with
a high risk of developing postmenopausal osteo-
porosis, planning earlier and effective treatments,
and preventing or delaying the development of os-
teoporosis.



Elzem BOLKAN GUNAYDIN et al.

JPMR Sci. 2022;25(3):369-76

Source of Finance

During this study, no financial or spiritual support was received

neither from any pharmaceutical company that has a direct con-

nection with the research subject, nor from a company that pro-

vides or produces medical instruments and materials which may

Conflict of Interest

No conflicts of interest between the authors and / or family mem-

bers of the scientific and medical committee members or mem-

bers of the potential conflicts of interest, counseling, expertise,

working conditions, share holding and similar situations in any

negatively affect the evaluation process of this study. firm.
I REFERENCES
1. Porter JL, Varacallo M. Osteoporosis. StatPearls [Internet]. Published online 19. Fois AG, Paliogiannis P, Scano V, et al. The systemic inflammation index on ad-

2020:1-8. Available from: [Link]

Kanis JA, Cooper C, Rizzoli R, et al; Scientific Advisory Board of the European So-
ciety for Clinical and Economic Aspects of Osteoporosis (ESCEQ) and the Com-
mittees of Scientific Advisors and National Societies of the International
Osteoporosis Foundation (IOF). European guidance for the diagnosis and man-
agement of osteoporosis in postmenopausal women. Osteoporos Int. 2019;30:3-44.
[Crossref] [PubMed] [PMC]

Rosen CJ. The Epidemiology and Pathogenesis of Osteoporosis. Endotext [Internet].
Published online June 21, 2020. Available from: [Link]

Nuti R, Brandi ML, Checchia G, et al. Guidelines for the management of osteoporosis
and fragility fractures. Intern Emerg Med. 2019;14:85-102. [Crossref] [PubMed] [PMC]

Fang H, Zhang H, Wang Z, et al. Systemic immune-inflammation index acts as a novel
diagnostic biomarker for postmenopausal osteoporosis and could predict the risk of
osteoporotic fracture. J Clin Lab Anal. 2020;34:€23016. [Crossref] [PubMed] [PMC]

Lee SH, Ryu SY, Park J, et al. The relationship of neutrophil-ymphocyte ratio and
platelet-lymphocyte ratio with bone mineral density in Korean postmenopausal women.
Chonnam Med J. 2019;55:150-5. [Crossref] [PubMed] [PMC]

Kilic E, Rezvani A, Erek Toprak A ve ark. [Evaluation of neutrophil to lymphocyte and
platelet to lymphocyte ratios in rheumatoid arthritis]. Dicle Med J. 2016;43:241-7.

Onalan E, Gokalp Y. The relationship between bone mineral density and hematologi-
cal parameters in the geriatric age group. Fam Pract Palliat Care. 2020;5:1-5. [Cross-
ref]

Eroglu S, Karatas G. Platelet/lymphocyte ratio is an independent predictor for osteo-
porosis. Saudi Med J. 2019;40:360-6. [Crossref] [PubMed] [PMC]

Yildirim A, Bulut HT. [Association between bone mineral density and platelet indices in
postmenopausal women]. Tiirk Osteoporoz Derg. 2016;22:92-6. [Crossref]

Huang C, Li S. Association of blood neutrophil lymphocyte ratio in the patients with
postmenopausal osteoporosis. Pak J Med Sci. 2016;32:762-5. [Crossref] [PubMed]
[PMC]

Hu B, Yang XR, Xu Y, et al. Systemic immune-inflammation index predicts prognosis
of patients after curative resection for hepatocellular carcinoma. Clin Cancer Res.
2014;20:6212-22. [Crossref] [PubMed]

Zhang Y, Chen B, Wang L, et al. Systemic immune-inflammation index is a promising
noninvasive marker to predict survival of lung cancer: a meta-analysis. Medicine (Bal-
timore). 2019;98:¢13788. [Crossref] [PubMed] [PMC]

Wang B, Huang Y, Lin T. Prognostic impact of elevated pre-treatment systemic im-
mune-inflammation index (SlI) in hepatocellular carcinoma: a meta-analysis. Medicine
(Baltimore). 2020;99:¢18571. [Crossref] [PubMed] [PMC]

Ji'Y, Wang H. Prognostic prediction of systemic immune-inflammation index for pa-
tients with gynecological and breast cancers: a meta-analysis. World J Surg Oncol.
2020;18:197. [Crossref] [PubMed] [PMC]

Zhong JH, Huang DH, Chen ZY. Prognostic role of systemic immune-inflammation
index in solid tumors: a systematic review and meta-analysis. Oncotarget.
2017;8:75381-8. [Crossref] [PubMed] [PMC]

Huang Y, Gao Y, Wu Y, et al. Prognostic value of systemic immune-inflammation index
in patients with urologic cancers: a meta-analysis. Cancer Cell Int. 20202;20:499.
[Crossref] [PubMed] [PMC]

Usul E, San |, Bekgdz B, et al. Role of hematological parameters in COVID-19 pa-
tients in the emergency room. Biomark Med. 2020;14:1207-15. [Crossref]
[PubMed] [PMC]

376

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

mission predicts in-hospital mortality in COVID-19 patients. Molecules.
2020;25:5725. [Crossref] [PubMed] [PMC]

Al-Daghri NM, Aziz |, Yakout S, et al. Inflammation as a contributing factor among
postmenopausal Saudi women with osteoporosis. Medicine (Baltimore).
2017;96(4):e5780. [Crossref] [PubMed] [PMC]

Schett G, Kiechl S, Weger S, et al High-sensitivity C-reactive protein and risk of
nontraumatic fractures in the Bruneck study. Arch Intern Med. 2006;166:2495-501.
[Crossref] [PubMed]

Cauley JA, Danielson ME, Boudreau RM, et al; Health ABC Study. Inflammatory
markers and incident fracture risk in older men and women: the Health Aging and
Body Composition Study. J Bone Miner Res. 2007;22:1088-95. [Crossref]
[PubMed]

World Health Organization. Assessment of fracture risk and its application to
screening for postmenopausal osteoporosis : report of a WHO study group [Imeet-
ing held in Rome from 22 to 25 June 1992]0. Geneva: World Health Organization;
1994. Available from: [Link]

Cranney A, Jamal SA, Tsang JF, et al. Low bone mineral density and fracture bur-
den in postmenopausal women. CMAJ. 2007;177:575-80. [Crossref] [PubMed]
[PMC]

Schuit SC, van der Klift M, Weel AE, et al. Fracture incidence and association with
bone mineral density in elderly men and women: the Rotterdam Study. Bone.
2004;34:195-202. [Crossref] [PubMed]

Siris ES, Chen YT, Abbott TA, et al. Bone mineral density thresholds for pharma-
cological intervention to prevent fractures. Arch Intern Med. 2004;164:1108-12.
[Crossref] [PubMed]

Adami G, Fassio A, Rossini M, et al. Osteoporosis in rheumatic diseases. Int J Mol
Sci. 2019;20:5867. [Crossref] [PubMed] [PMC]

Oztiirk ZA, Yesil Y, Kuyumcu ME, et al. Inverse relationship between neutrophil
lymphocyte ratio (NLR) and bone mineral density (BMD) in elderly people. Arch
Gerontol Geriatr. 2013;57:81-5. [Crossref] [PubMed]

Satis S. New inflammatory marker associated with disease activity in rheumatoid
arthritis: the systemic immune-inflammation index. Curr Health Sci J. 2021;47:553-
7. [PubMed] [PMC]

Kelesoglu Dincer AB, Sezer S. Systemic Immune Inflammation Index as a Reli-
able Disease Activity Marker in Psoriatic Arthritis. J Coll Physicians Surg Pak.
2022;32:773-8. [Crossref] [PubMed]

Kim JW, Jung JY, Suh CH, et al. Systemic immune-inflammation index combined
with ferritin can serve as a reliable assessment score for adult-onset Still's dis-
ease. Clin Rheumatol. 2021;40:661-8. [Crossref] [PubMed]

Wu J, Yan L, Chai K. Systemic immune-inflammation index is associated with dis-
ease activity in patients with ankylosing spondylitis. J Clin Lab Anal.
2021;35(9):€23964. [Crossref] [PubMed] [PMC]

Tanacan E, Dincer D, Erdogan FG, et al. A cutoff value for the Systemic Immune-
Inflammation Index in determining activity of Behget disease. Clin Exp Dermatol.
2021;46:286-91. [Crossref] [PubMed]

Wang ZC, Jiang W, Chen X, et al. Systemic immune-inflammation index inde-
pendently predicts poor survival of older adults with hip fracture: a prospective co-
hort study. BMC Geriatr. 2021;21:155. [Crossref] [PubMed] [PMC]

Du YN, Chen YJ, Zhang HY, et al. Inverse association between systemic immune-
inflammation index and bone mineral density in postmenopausal women. Gynecol
Endocrinol. 2021;37:650-4. [Crossref] [PubMed]


https://www.ncbi.nlm.nih.gov/books/NBK441901/
https://link.springer.com/article/10.1007/s00198-018-4704-5
https://pubmed.ncbi.nlm.nih.gov/30324412/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7026233/
https://www.ncbi.nlm.nih.gov/books/NBK279134/
https://link.springer.com/article/10.1007/s11739-018-1874-2
https://pubmed.ncbi.nlm.nih.gov/29948835/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6329834/
https://onlinelibrary.wiley.com/doi/10.1002/jcla.23016
https://pubmed.ncbi.nlm.nih.gov/31423643/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6977145/
https://cmj.ac.kr/DOIx.php?id=10.4068/cmj.2019.55.3.150
https://pubmed.ncbi.nlm.nih.gov/31598472/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6769246/
http://www.fppc.com.tr/en/pub/issue/52039/634197
http://www.fppc.com.tr/en/pub/issue/52039/634197
https://smj.org.sa/content/40/4/360
https://pubmed.ncbi.nlm.nih.gov/30957129/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6506656/
https://cms.galenos.com.tr/Uploads/Article_11996/92-96.pdf
https://pjms.com.pk/index.php/pjms/article/view/10292
https://pubmed.ncbi.nlm.nih.gov/27375729/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4928438/
https://aacrjournals.org/clincancerres/article/20/23/6212/13952/Systemic-Immune-Inflammation-Index-Predicts
https://pubmed.ncbi.nlm.nih.gov/25271081/
https://journals.lww.com/md-journal/Fulltext/2019/01180/Systemic_immune_inflammation_index_is_a_promising.5.aspx
https://pubmed.ncbi.nlm.nih.gov/30653090/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6370019/
https://journals.lww.com/md-journal/Fulltext/2020/01030/Prognostic_impact_of_elevated_pre_treatment.38.aspx
https://pubmed.ncbi.nlm.nih.gov/31895801/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6946450/
https://wjso.biomedcentral.com/articles/10.1186/s12957-020-01974-w
https://pubmed.ncbi.nlm.nih.gov/32767977/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7414550/
https://www.oncotarget.com/article/18856/text/
https://pubmed.ncbi.nlm.nih.gov/29088873/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5650428/
https://cancerci.biomedcentral.com/articles/10.1186/s12935-020-01590-4
https://pubmed.ncbi.nlm.nih.gov/33061851/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7552553/
https://doi.org/10.2217/bmm-2020-0317
https://pubmed.ncbi.nlm.nih.gov/32692248/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7372996/
https://www.mdpi.com/1420-3049/25/23/5725
https://pubmed.ncbi.nlm.nih.gov/33291581/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7731255/
https://journals.lww.com/md-journal/Fulltext/2017/01270/Inflammation_as_a_contributing_factor_among.15.aspx
https://pubmed.ncbi.nlm.nih.gov/28121926/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5287950/
https://jamanetwork.com/journals/jamainternalmedicine/fullarticle/769532
https://pubmed.ncbi.nlm.nih.gov/17159016/
https://asbmr.onlinelibrary.wiley.com/doi/full/10.1359/jbmr.070409
https://pubmed.ncbi.nlm.nih.gov/17419681/
https://apps.who.int/iris/handle/10665/39142
https://www.cmaj.ca/content/177/6/575
https://pubmed.ncbi.nlm.nih.gov/17846439/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1963365/
https://www.sciencedirect.com/science/article/abs/pii/S8756328203003776?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/14751578/
https://jamanetwork.com/journals/jamainternalmedicine/fullarticle/217016
https://pubmed.ncbi.nlm.nih.gov/15159268/
https://www.mdpi.com/1422-0067/20/23/5867
https://pubmed.ncbi.nlm.nih.gov/31766755/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6928928/
https://www.sciencedirect.com/science/article/abs/pii/S0167494313000289?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/23490023/
https://pubmed.ncbi.nlm.nih.gov/35444819/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8987472/
https://jcpsp.pk/article-detail/psystemic-immune-inflammation-index-as-a-reliable-disease-activity-marker-in-psoriatic-arthritisorp
https://pubmed.ncbi.nlm.nih.gov/35686411/
https://link.springer.com/article/10.1007/s10067-020-05266-2
https://pubmed.ncbi.nlm.nih.gov/32623648/
https://onlinelibrary.wiley.com/doi/10.1002/jcla.23964
https://pubmed.ncbi.nlm.nih.gov/34418163/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8418483/
https://onlinelibrary.wiley.com/doi/10.1111/ced.14432
https://pubmed.ncbi.nlm.nih.gov/32869876/
https://bmcgeriatr.biomedcentral.com/articles/10.1186/s12877-021-02102-3
https://pubmed.ncbi.nlm.nih.gov/33663402/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7934427/
https://www.tandfonline.com/doi/full/10.1080/09513590.2021.1885642
https://pubmed.ncbi.nlm.nih.gov/33588682/

