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Abstract

Introduction: Osteoporosis is a chronic disease which commonly occurs in people after the age of
70 and it is important to identify the contributing factors. Therefore, this study aims to examine the
relationship between neutrophil to lymphocyte ratio and osteoporosis.

Materials and methods: This study was conducted on 71 people (59.2%) with osteoporosis and 29
people (40.8%) without osteoporosis. Informed consent was obtained from the subjects and
demographic data was recorded; neutrophil to lymphocyte ratio was also recorded. Chi square and
Mann-Whitney U test were used to compare the data.

Findings: The findings of the study revealed that the average age of subjects with osteoporosis was
significantly higher and the average height and weight of subjects with osteoporosis was
significantly lower than subjects without osteoporosis. No statistically significant difference was
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found between the two groups of study in terms of the mean neutrophil to lymphocyte ratio (NLR).
NLR was not associated with spinal or femoral Osteoporosis severity either.

Conclusion: As there is no association between NLR and osteoporosis and the related severity, it
seems that NLR has no effect on Pathophysiology of osteoporosis, though more studies are required
to examine this relationship.
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Introduction

Every year, many people in the world are affected by osteoporosis, for diagnosis of which bone
density test is used. In Dual- energy x- ray absorptiometry (DEXA), bones of the spine and hips
are scanned using x-ray to determine the bone density in terms of people’s age and gender. Because
of using x-ray, patients may face the risk of side effects of radiation. Further, DEXA is not an
inexpensive method to measure bone density. Therefore, it is necessary to find a faster and cheaper
way for diagnosis of this disease. Complete blood count (CBC diff) test is a simple, low-risk,
available and inexpensive method. It is very important to find the prevalence of osteoporosis by
analyzing the data obtained from (CBC diff) test which neutrophil to lymphocyte ratio was used
in this study. Osteoporosis is the most common metabolic bone disease which affects many people
in the world. It is an important risk factor for pathologic fractures which imposes mortality,
morbidity and extra costs on human society. Several epidemiological studies have been conducted
on osteoporosis around the world and it is estimated that around 75 million people in Europe,
Japan and US have osteoporosis. For example, 30% of American women in postmenopausal age,
87% of Australian women over 70 years of age and 50% of Taiwan women have osteoporosis.
Moreover, bone mineral density is lower in Asians and Caucasians compared with other races. This
can be explained by the smaller size of these people which causes most hip fractures in Asia so that
30% of all these fractures occur in Asia. Osteoporosis is a common health issue that mostly
threatens postmenopausal women, making them prone to fractures and these fractures are
associated with increased morbidity and mortality. It is the most common type of bone disease in
humans- a kind of skeletal disease characterized by decreased strength of bones which increases the
risk of fractures. Bone strength depends on several bone qualities among which only Bone Mineral
Density (BMD) can be measured while other qualities (such as the size of hydroxyapatite crystals,
Correlation of trabeculae, degree of mineralization, small bone destructions, ...) are not
measurable. Bone fractures and the related consequences are the clinical result of osteoporosis.
Although the most common sites for bone fractures are proximal femur, vertebrae and distal end
of forearm bones (wrist), since osteoporosis is a diffuse bone disease and causes reduced bone mass
throughout the skeletal system, almost all fractures in older people result from decrease in bone

density. Fractures may be followed by full recovery or result in chronic pain, physical disability or
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even death (30-32). The most serious complication of osteoporosis is femoral fractures which may
lead to 10-20% increased mortality rate within one year after the fracture. Besides, about 25% of
patients with femoral fracture may need long-term care in nursing homes and only 30% of patients

may recover their pre-fracture level of ability (33).

Estrogen deficiency not only speeds up bone loss in postmenopausal women, it also contributes to
bone loss in men. It may lead to excessive bone resorption which is associated with insufficient
bone formation. Estrogen deficiency increases the number of osteoclasts and reduces the number
of osteoblasts which will result in overall bone mass reduction. It is noteworthy that Estrogen levels
are inversely proportional to fracture risk in postmenopausal women (9). Osteoblasts, osteocytes
and osteoclasts all express estrogen receptors. Moreover, estrogen affects bones indirectly through
cytokines and local growth factors. The estrogen-replete state may enhance osteoclast apoptosis

through increased production of transforming growth factor (TGF)-beta.

Estrogen deficiency increases while estrogen therapy reduces the rate of bone remodeling and the
rate of bone loss during the remodeling cycle. In the absence of estrogen, T cells promote osteoclast
recruitment, differentiation, and long-term survival through interleukin-1 (IL-1), IL-6, and tumor
necrosis factor (TNF)-alpha. A mouse study, in which mice were cither ovariectomized or sham-
operated, showed that IL-6 and CFU-GM (granulocyte macrophage colony-forming unit) levels
were significantly higher in the ovariectomized mice (10). This finding proves that estrogen
inhibits the secretion of IL-6, and IL-6 helps the recruitment of osteoclasts from the monocyte cell
line, thereby contributing to the development of osteoporosis. The term osteoimmunology is
defined as the interplay between the skeletal system and immune system. Osteoclastogenic pro-
inflammatory cytokines, especially TNF, IL-1, IL-6 or IL-7, increase in the first ten years in
postmenopausal osteoporosis patients. It is noteworthy that T cells play a role in Crohn's and
rheumatoid arthritis which are inflammatory conditions that cause osteoporosis; it was also found

that they produce more TNF in postmenopausal women with osteoporotic fractures (11).

Recently, a mechanism was proposed whereby loss of estrogen initiates rapid bone loss by activating
low-grade inflammation, leading to osteoporosis in the acute phase of bone catabolic activity in
ovariectomized rats (11). It was found that ovariectomy in mice increases dendritic cells that
express IL-7 and IL-15 and induce antigen-independent production of IL-17A and TNF« in a
subset of memory T cells. This study showed that ovariectomy using ILI5RA in the mice do not
cause lack of expression of IL-17A and TNFa, nor do they increase bone resorption or bone loss
(12). Calcium, vitamin D and PTH help maintain bone homeostasis. Dietary calcium deficiency
or impaired intestinal absorption of calcium because of aging or disease can lead to secondary
hyperparathyroidism. PTH is secreted in response to low serum calcium levels. It increases calcium
absorption from bone, decreases calcium excretion, and increases renal production of 1,25-
dihydroxyvitamin D (1,25[OH]2D). 1,25[OH]2D is a hormonally active form of vitamin D that
optimizes calcium and phosphorus absorption and inhibits PTH (49-51).
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It is estimated that osteoporosis will affect 200 million women worldwide (114) and 1 in 3 women
over age 50 will experience osteoporosis (115, 116). According to Examination survey
(KNHANES) 2008-2011, the prevalence of osteoporosis was 7.0% in men and 40.1% in women
(117). Fractures caused by osteoporosis are difficult to treat and may lead to great economic losses
(118). By restricting his movement and developing pressure ulcers, a patient may experience
cardiopulmonary dysfunction and venous thrombosis which will add to the problem (119).

Therefore, Prediction and, if possible, prevention of osteoporosis is of considerable importance.

The inflammatory response protects the injured area and maintains homeostasis (120). However,
continuous response and long-term release of inflammatory mediators can cause chronic
inflammatory diseases (121-123). Chronic inflammation can be found in vascular diseases as well
and is considered as a marker to predict their development (124, 125). Moreover, Osteogenic

factors are released during chronic inflammation which may cause the development of osteoporosis

(42, 1206).

As with inflammatory measures, white blood cell (WBC) count, C-reactive protein (CRP) level,
and erythrocyte sedimentation rate (ESR) are useful in clinical practice, but have low diagnostic
specificity (127). Neutrophil-to-lymphocyte ratio (NLR) and platelet-to-lymphocyte ratio (PLR)
have recently been recognized as new markers of systemic inflammatory response (1, 128). More
particularly, NLRs are predictors of an inflammatory response in the vascular system, and in this
sense, it is more accurate than the CRP level, predicting myocardial infarction and mortality (1.2).
Further, some researchers have reported that NLR is associated with BMD and osteoporosis (3, 4).
However, the relationship between NLR and osteoporosis has yielded conflicting results. All this
said, to the best of our knowledge, no studies have been conducted on the relationship between
NLR and osteoporosis in the Iranian population. Therefore, we decided to study the relationship
between NLR and BMD and examined the relationship between neutrophil to lymphocyte ratio

and osteoporosis.

1- Correlation between NLR and age

2- Correlation between NLR and gender

3- Correlation between NLR and T score

4- Correlation between NLR and Z score

5- Correlation between NLR and osteoporosis in lumbar vertebrae
6- Correlation between NLR and osteoporosis in femoral neck

The researcher will prove that neutrophil to lymphocyte ratio is associated with osteoporosis and
its severity. This association is found by dividing the number of neutrophils by the number of

lymphocytes per cubic millimeter of blood using the complete blood cell count test.
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Literature Review

In a study conducted by Zeynel AbidinOztiirk et al. (2013) with the aim of investigating NLR in
the elderly with osteoporosis, a total of 1635 patients aged 65 years or older were included in this
cross-sectional study. BMD was measured using dual energy X-ray absorptiometry (DEXA) at
lumbar spine and femur. Complete blood count (CBC), inflammatory biomarkers (C-reactive
protein (CRP), erythrocyte sedimentation rate (ESR)), glucose/lipid metabolism, and specific risk
factors were determined. The osteoporosis group demonstrated higher NLR levels compared to
the osteopenic and control groups (respectively 2.54 + 1.45, 2.37 + 1.00, and 2.18 + 0.85). At
multivariate analysis, NLR emerged as independent predictor of osteoporosis (OR=1.112;
95%=1.020-1.235, p=0.018) and there was a significant negative correlation between lumbar spine
(L2-L4), femoral neck scores and NLR (r=R). (Respectively, r=0.348, p<0.001; r=0.264, p=0.004).
Elderly people with osteoporosis have elevated NLR levels, which prove that inflammation may

play an important role in bone remodeling (5).

In a study conducted by Francesca Palmacci et al. (2019), with the aim of investigating the
relationship between NLR and osteoporosis in patients with celiac disease, adults who were on a
strict GFD for at least 6 months were included in the study. Mediterranean diet adherence was
measured according to two different scores: The Mediterranean Diet Score (MDS-14), which was
assessed through the validated 14-item questionnaire of the PREDIMED study and the
MEDScore (score-55), proposed by Panagiotakos. The latter includes the consumption of
unrefined cereals. High percentages of osteopenia and osteoporosis were found in subjects who
reported bone mineral density (BMD), especially in postmenopausal (post-M) women. NLR was
higher in people with osteoporosis compared to subjects with osteopenia and normal BMD.
However, retrospective analysis showed both increase and decrease in NLR after GFD, with no
significant differences between Marsh grade, anemia, and BMD status. Moreover, previous
pregnancy before menopause (Pre-MPP) and post- M showed higher NLR at diagnosis compared
to men and premenopausal (Pre-M); but higher differences in recent NLR were observed only
between Pre-MPP and men. Chocolate consumption was associated with lower recent NLR. Large
prospective studies are needed to clarify the relationship between unrefined cereals and NLR in
coeliac patients; in this pilot study, the relationship between NLR, dietary habit, and osteoporosis

in coeliac disease was investigated for the first time (6).

In a study conducted by Malgorzata Morawiecka-Pietrzak et al. (2021) with the aim of
investigating the relationship between NLR and osteoporosis in patients with anorexia nervosa
(AN), electronic records of 73 girls admitted for AN were analyzed retrospectively. The age range
of the study group was 12.56-17.67 years. BMD was assessed by dual-energy X-ray absorptiometry
(DXA) and expressed as Z-scores according to lumbar spine (s-BMD) and total body (TB-BMD)
sites. NLR and PLR were calculated according to complete blood count results. Patients were
divided into 2 subgroups with parallel analyses — according to the TB-BMD criterion and the s-
BMD criterion: normal (Z-score > —2.0, n = 63) and low s-BMD subgroup (Z-score < 2.0, n =
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10), and normal (Z-score > —2.0, n = 45) and low TB-BMD subgroup (Z-score < -2.0, n = 28).
In the low s-BMD subgroup a tendency to an increase of mean NLR, PLR, and WBC values was
observed. Respective BMD Z-score values correlated significantly and negatively with PLR in the
low s-BMD (R =-0.892, p < 0.001) and normal TB-BMD (R = —0.451, p = 0.002) subgroups,
while with NLR only in the normal TB-BMD subgroup (R = —0.685, p < 0.001). In the low s-
BMD subgroup the PLR was shown to be a significant and independent predictor of s-BMD (B =
—0.881, p < 0.001). The PLR contributed to 77.6% of the s-BMD Z-score variability (R2 = 0.776,
p < 0.001). In the normal TB-BMD subgroup, the PLR and NLR levels were significant and
independent predictors of TB-BMD (B = —0.352, p = 0.004; 3 = —0.450, p = 0.001; 3 = —0.339,
p = 0.005, respectively). These results show that there might be a relationship between bone mass
loss and inflammation expressed as NLR and PLR in adolescent girls suffering from AN. It seems
that NLR and PLR, which are common indicators of morbidity and mortality in many
malignancies and inflammatory chronic diseases, can also be useful in the evaluation of bone

condition in adolescent females with AN. However, more investigation is required in this field (7).
Discussion

Subjects of the study included patients who referred to Baghiatallah Clinic in Qom during 2022-
2023.

To determine the sample size, the formula for determining the sample size for the correlation
coefficient was used. Considering the similar article (23), there was an inverse and significant
relationship between NLR and BMD (R=0.685, P<0.001); according to the 95% confidence level
and 80% study power, at least 60 people were assessed using the following formula and In order
to augment the accuracy of the study and the small probability of 15%, this study was conducted
on 71 people.

(Z1-5+21-)?

1, 1+4r +
Glog—D?

z1-a/2=1.96
z1-B=0.84

r=0.685

n=60

Materials and methods

The study is a case-control study. Subjects were divided into two groups: a group of people with
osteoporosis and the other group of people without osteoporosis. The blood cell count test was
carried out in both groups. Then, neutrophils to lymphocytes ratio was determined and its

relationship with osteoporosis was investigated. Simple Probability Sampling was used.
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Instruments and determining the validity and reliability

Inclusion criteria for participation in the study

- patients diagnosed with osteoporosis who referred to Baghiatallah Clinic in Qom during
2022-2023
- informed consent to participate in the study

- Patient cooperation in completing the questionnaire
Exclusion criteria for participation in the study

- Incomplete questionnaire data

- History of hematological diseases

- Lack of consent and failing to cooperate at any stage of the study

- Infectious disease in the last 7 days

- Active cancer

- Use of Corticosteroids in the last 14 days

- Receiving chemotherapy or immunosuppressive drugs within the last 29 days
- Liver or kidney failure

- Kidney or liver transplant recipients

- Lack of access to data and sample tests
Data Analysis

For data analysis, first, normality of the data was checked using the one-sample Kolmogorov
Smirnov test under the term Lilliefors; upon confirming the normality, proper parametric tests
such as Student T Test and variance analysis were used; if the data was not normal, Kruskal-Wallis
and Mann-Whitney tests were used. Chi-square test and Fisher's exact test were used for qualitative
variables. The software used in this study is IBM SPSS v.20 and the significance level of the tests

was considered less than 5%.
Results and Findings

This study was conducted with the aim of examining the relationship between neutrophil to
lymphocyte ratio and osteoporosis. 71 people, 42 people (59.2%) with osteoporosis and 29 people
(40.8%) without osteoporosis, were examined. The average age of the study subjects was 58.9 +

11.53 years (23 to 82 years) and it was found that 67 (94.4%) were women and 4 (5.6%) were

men. Findings of the study are reported below.
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Table (4-1): Mean age and standard deviation in the subjects of the study groups

group number mean Standard P-value
deviation
Age (year) Without 29 53.52 12.141 0.001
0Steoporosis
With osteoporosis 42 62.62 9.581

Mean age in patients with osteoporosis was significantly higher than in subjects without
osteoporosis (62.62 vs. 53.52 years) (p=0.001).
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Table (4-2): frequency of gender in the subjects of the study groups

Group Without With total P-value
Gend osteoporosis 0Steoporosis
ender
male number 2 2 4 0.701
percentage 6.9% 4.8% 5.6%
female number 27 40 67
percentage | 93.1% 95.2% 94.4%
total number 29 42 71
percentage |  100% 100% 100%

There was no statistically significant difference in the frequency of gender in the subjects of the

two study groups (P>0.05).

100
90
80
70
60
50
40
30
20
10

0 .

Without osteoporosis ~ with osteoporosis

Male female [ | AN

Table (4-3): Mean height, weight and BMI and standard deviation in the subjects of the
study groups
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group number mean SD P-value
Without osteoporosis 29 159.87 7.621 0.001
height (cm)
with osteoporosis 42 154.05 6.475
weight (kg) | Without osteoporosis 29 79.33 13.917 0.002
with osteoporosis 42 68.78 12.830
BMI | Without osteoporosis 29 31.10 5.362 0.092
with osteoporosis 42 28.95 4.982

The mean height in subjects with osteoporosis was significantly lower than in patients without

osteoporosis (159.87 versus 154.05 cm) (P=0.001). it was also found that the mean weight in

people with osteoporosis was significantly lower than in patients without osteoporosis (79.33 vs.

68.78 kg) (P=0.002). However, no statistically significant difference was observed based on BMI

(P=0.092).
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Without osteoporosis

group

with osteoporosis

Table (4-4): Mean neutrophil, lymphocyte and NLR ratio and SD in the subjects of the
study groups

group Number mean SD P-value

neutrophil | Without osteoporosis 29 51.05 8.930 0.068
with osteoporosis 42 55.65 11.938

lymphocyte | Without osteoporosis 29 36.68 9.689 0.291
with osteoporosis 42 33.81 10.372

NLR | Without osteoporosis 29 1.58 0.785 0.531
with osteoporosis 42 2.10 1.724

There was no statistically significant difference in the mean neutrophil, lymphocyte and NLR ratio

in the subjects of the study groups (P>0.05).
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Without osteoporosis group with osteoporosis

Table (4-7): Mean and SD of NLR ratio in the subjects of the study groups based on

vertebral column T-Score

group | number | mean SD P-value
NLR | normal 27 1.55 | 0.808 0.111
osteopenia 11 2.63 | 2.887
osteoporosis 33 1.91 | 1.037

There was no statistically significant difference in the mean NLR ratio of the subjects based on
vertebral column T-Score (P>0.05).

Conclusion

This study aimed to examine the relationship between neutrophil to lymphocyte ratio and

osteoporosis. 71 subjects, 42 people (59.2%) with osteoporosis and 29 people (40.8%) without
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osteoporosis, were examined. The mean age in the subjects with osteoporosis was significantly
higher than in the patients without osteoporosis (62/62 vs. 52/53). It was also found that the mean
height in the subjects with osteoporosis was significantly lower than in patients without
osteoporosis (159.87 vs. 154.05 cm). Similarly, the mean weight in the subjects with osteoporosis
was significantly lower than in patients without osteoporosis (79.33 vs. 68.78 kg). However, no
significant statistical difference was found based on BMI. It was finally determined that there was
no statistically significant difference in the mean neutrophil, lymphocyte and NLR ratio in the
subjects of the study groups; there was no association with spinal and femoral osteoporosis severity

either.

The findings of the study showed that the mean age in subjects with osteoporosis was significantly
higher and the mean height and weight in subjects with osteoporosis was significantly lower than
in patients without osteoporosis; however, no statistically significant difference was found in the
mean neutrophil, lymphocyte and NLR ratio in the subjects of the study groups; there was no
association with spinal and femoral osteoporosis severity ecither. Therefore, as there is no
relationship between NLR and osteoporosis and its severity, it seems that NLR has no effect on
the Pathophysiology of osteoporosis, although more studies are required to investigate the

relationship.
Pedagogical Implication

Lack of sample size, which requires a more detailed investigation with further expansion in
subsequent studies, as well as the impossibility of investigating other important variables, including
other laboratory findings, clinical findings, etc., together with osteoporosis, which requires further

studies with a higher sample size in future.
Ethical Code

This study was presented in the Research Ethics Committee at the Faculty of Medicine and was
registered with a particular code. The patient information is kept confidential and the checklist has
a code which was delivered to them if needed. This study was conducted based on the clarifying
statement included in the Declaration of Helsinki and no coercion was imposed on individuals.
After receiving an informed consent, patients participated in the study and they were ensured that
their personal information would not be disclosed. The Declaration of Helsinki and ethical

principles were followed all through this study.

References

602
Tob Regul Sci. ™ 2023;9(1): 590-606



Mohammad Mahdi et.al
The Relationship between Neutrophil to Lymphocyte Ratio and Osteoporosis

1.

10.

11.

12.

13.

14.

15.

Grau AJ, Boddy AW, Dukovic DA, Buggle F, Lichy C, Brandt T, et al. CAPRIE Investigator.
Leukocyte count as an independent predictor of recurrent ischemic events. Stroke.
2004;35:1147-1152. [PubMed] [Google Scholar]

Tamhane UU, Aneja S, Montgomery D, Rogers EK, Eagle KA, Gurm HS. Association
between admission neutrophil to lymphocyte ratio and outcomes in patients with acute
coronary syndrome. Am ] Cardiol. 2008; 102:653—657. [PubMed] [Google Scholar]

Zeynel AbidinOztiirk. Inverse relationship between neutrophil lymphocyte ratio (NLR) and
bone mineral density (BMD) in elderly people.2013; 5(8): 9-15.

Malgorzata Morawiecka-Pietrzak. The relationship of neutrophil-to-lymphocyte ratio and
platelet-to-lymphocyte ratio with bone mineral density in adolescent girls suffering from
anorexia nervosa.2021; 15(8): 9-22.

San-Hui Lee. The Relationship of Neutrophil-Lymphocyte Ratio and Platelet-Lymphocyte
Ratio with Bone Mineral Density in Korean Postmenopausal Women. Chonnam Med
J. 2019 Sep;55(3):150-155.

M.M. Bala, K.A. Bala. Bone mineral density (BMD) and neutrophil-lymphocyte ratio (NLR),
monocyte-lymphocyte ratio (MLR), and platelet-lymphocyte ratio (PLR) in childhood
thyroid diseases. Eur Rev Med Pharmacol Sci 2022; 26 (6): 1945-1951

Jilka RL, Hangoc G, Girasole G, Passeri G, Williams DC, Abrams JS, et al. Increased
osteoclast development after estrogen loss: mediation by interleukin-6. Science. 1992 Jul 3.
257(5066):88-91. [QxMD MEDLINE Link].

Demontiero O, Vidal C, Duque G. Aging and bone loss: new insights for the clinician. Ther
Adv Musculoskelet Dis. 2012 Apr. 4 (2):61-76. [QxMD MEDLINE Link].

Warriner AH, Patkar NM, Curtis JR, Delzell E, Gary L, Kilgore M, et al. Which fractures are
most attributable to osteoporosis. ] Clin Epidemiol. 2011 Jan. 64 (1):46-53. [QxMD
MEDLINE Link].

Cummings SR, Melton LJ. Epidemiology and outcomes of osteoporotic fractures. Lancet.
2002 May 18. 359(9319):1761-7. [QxMD MEDLINE Link].

Rosen CJ, Tenenhouse A. Biochemical markers of bone turnover. A look at laboratory tests
that reflect bone status. Postgrad Med. Oct 1998. 104(4):101-2, 107-10.

Nusse R. Wnt signaling in disease and in development. Cell Res. 2005 Jan. 15(1):28-
32. [QxMD MEDLINE Link].

Ling L, Nurcombe V, Cool SM. Whnt signaling controls the fate of mesenchymal stem
cells. Gene. 2009 Mar 15. 433(1-2):1-7. [QxMD MEDLINE Link].

Krishnan V, Bryant HU, Macdougald OA. Regulation of bone mass by Wnt signaling. ] Clin
Invest. 2006 May. 116(5):1202-9. [QxMD MEDLINE Link]. [Full Text].

Levasseur R, Lacombe D, de Vernejoul MC. LRP5 mutations in osteoporosis—pseudoglioma
syndrome and high-bone-mass disorders. Joint Bone Spine. 2005 May. 72(3):207-
14. [QxMD MEDLINE Link].

603

Tob Regul Sci. ™ 2023;9(1): 590-606


https://www.sciencedirect.com/science/article/abs/pii/S0167494313000289#!
https://pubmed.ncbi.nlm.nih.gov/?term=Lee+SH&cauthor_id=31598472
https://www.qxmd.com/r/1621100
https://www.qxmd.com/r/22870496
https://www.qxmd.com/r/21130353
https://www.qxmd.com/r/21130353
https://www.qxmd.com/r/12049882
https://www.qxmd.com/r/15686623
https://www.qxmd.com/r/19135507
https://www.qxmd.com/r/16670761
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1451219/
https://www.qxmd.com/r/15850991

Mohammad Mahdi et.al
The Relationship between Neutrophil to Lymphocyte Ratio and Osteoporosis

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Zhu'Y, Sun Z, Han Q, Liao L, Wang J, Bian C, et al. Human mesenchymal stem cells inhibit
cancer cell proliferation by secreting DKK-1. Leukemia. 2009 May. 23(5):925-33. [QxMD
MEDLINE Link].

Kawano Y, Kypta R. Secreted antagonists of the Wnt signalling pathway. ] Cell Sci. 2003 Jul
1. 116:2627-34. [QxMD MEDLINE Link].

Kaiser M, Mieth M, Liebisch P, Oberlinder R, Rademacher J, Jakob C, et al. Serum
concentrations of DKK-1 correlate with the extent of bone disease in patients with multiple
myeloma. Eur ] Haematol. 2008 Jun. 80(6):490-4. [QxMD MEDLINE Link].

Pacific Association of Clinical Endocrinologists medical guidelines for clinical practice for the
prevention and treatment of postmenopausal osteoporosis: 2001 edition, with selected
updates for 2003. Endocr Pract. 2003 Nov-Dec. 9(6):544-64. [Medline].

Barbour KE, Boudreau R, Danielson ME, Youk AO, Wactawski-Wende ], Greep NC, et al.
Inflammatory markers and the risk of hip fracture: the women's health initiative. ] Bone Miner
Res. 2012;27:1167-1176. [PMC free article] [PubMed] [Google Scholar]

Pelman A, Lane NE. The management of secondary osteoporosis. Best Pract Res Clin
Rheumatol. 2005 Dec. 19(6):1021-37. [Medline].

Pdams JS, Song CF, Kantorovich V. Rapid recovery of bone mass in hypercalciuric,
osteoporotic men treated with hydrochlorothiazide. Ann Intern Med. 1999 Apr 20.
130(8):658-60. [Medline].

Pann GB, Kang YC, Brand C, Ebeling PR, Miller JA. Secondary causes of low bone mass in
patients with breast cancer: a need for greater vigilance.] Clin Oncol. 2009 Aug 1.
27(22):3605-10. [Medline].

Dehghani Firouz Abadi M Basirizadeh F, Rahimi Rad M, Zaheri Birgani SH, Raoufzadeh N.
The Effect of Covid-19 Pandemic on Online Education of the EFL Learners. Tobacco
Regulatory Science (TRS). Volume 8, Number 1, January 2022. doi: 10.18001/TRS.8.1.304
Miryousefiata F, Miryousefi Ata F. The effect of Familact probiotic supplement in patients
with diabetes. Academic Journal of Health Sciences: Medicina Balear. 2021/36 (3): 52-63.
doi: 10.3306/AJHS.2021.36.03.52

Mohammadi N, Kimyai S, Abed-Kahnamoii M, Ebrahimi-Chaharom ME, Sadr A, Daneshi
M. Effect of 15% carbamide peroxide bleaching gel on color stability of giomer and
microfilled composite resin: an in vitro comparison. Med Oral Patol Oral Cir Bucal. 2012
Nov 1;17(6): €1082-8. doi: 10.4317/medoral.17916. PMID: 22926466; PMCID:
PMC3505706.

Qigliaccio S, Brama M, Malavolta N. Management of glucocorticoids-induced osteoporosis:
role of teriparatide. Ther Clin Risk Manag. 2009 Apr. 5(2):305-10. [Medline]. [Full Text].
Rabbani A, Alavian SM, Motlagh ME, Ashtiani MT, Ardalan G, Salavati A, Rabbani B,
Rabbani A, Shams S, Parvaneh N. Vitamin D insufficiency among children and adolescents
living in Tehran, Iran. Journal of tropical pediatrics. 2009 Jun 1;55(3):189-91.

604

Tob Regul Sci. ™ 2023;9(1): 590-606


https://www.qxmd.com/r/19148141
https://www.qxmd.com/r/19148141
https://www.qxmd.com/r/12775774
https://www.qxmd.com/r/18331598
http://reference.medscape.com/medline/abstract/14715483
http://reference.medscape.com/medline/abstract/16301195
http://reference.medscape.com/medline/abstract/10215562
http://reference.medscape.com/medline/abstract/19546403
http://reference.medscape.com/medline/abstract/19536312
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2697534/

Mohammad Mahdi et.al
The Relationship between Neutrophil to Lymphocyte Ratio and Osteoporosis

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Rahman SA, Chee WS, Yassin Z, Chan SP. Vitamin D status among postmenopausal
Malaysian women. Asia Pacific journal of clinical nutrition. 2004 Sep 1;13(3).

Uooper C, Atkinson EJ, O'Fallon WM, et al. Incidence of clinically diagnosed vertebral
fractures: a population-based study in Rochester, Minnesota, 1985-1989. ] Bone Miner Res.
1992 Feb. 7(2):221-7. [Medline].

Uestergaard P, Rejnmark L, Mosekilde L. Increased mortality in patients with a hip fracture-
effect of pre-morbid conditions and post-fracture complications. Osteoporos Int. 2007 Dec.
18(12):1583-93. [Medline].

Urombetti A, Herrmann F, Hoffmeyer P, Schurch MA, Bonjour JP, Rizzoli R. Survival and
potential years of life lost after hip fracture in men and age-matched women. Osteoporos Int.
2002 Sep. 13(9):731-7. [Medline].

Uichel JP, Hoffmeyer P, Klopfenstein C, et al. Prognosis of functional recovery 1 year after
hip fracture: typical patient profiles through cluster analysis. ] Gerontol A Biol Sci Med Sci.
2000 Sep. 55(9):M508-15. [Medline].

Uindsay R, Silverman SL, Cooper C, et al. Risk of new vertebral fracture in the year following
a fracture. JAMA. 2001 Jan 17. 285(3):320-3. [Medline].

Ulotzbuecher CM, Ross PD, Landsman PB, et al. Patients with prior fractures have an
increased risk of future fractures: a summary of the literature and statistical synthesis. ] Bone
Miner Res. 2000 Apr. 15(4):721-39. [Medline].

Uorin SN, Lix LM, Leslie WD. The importance of previous fracture site on osteoporosis
diagnosis and incident fractures in women.] Bone Miner Res. 2014 Jul. 29(7):1675-
80. [Medline].

Urwoll E, Scheele W, Paul S, Adami S, Syversen U, Diez-Perez A, et al. The effect of
teriparatide [human parathyroid hormone (1-34)] therapy on bone density in men with
osteoporosis. Journal of Bone and Mineral Research. 2003;18(1):17-9.

Ueslie WD, Morin S, Lix LM. Before-and-After Study of Fracture Risk Reporting and
Osteoporosis Treatment Initiation. Ann Intern Med. Nov 2 2010. 153(9):580-6.

Uchwartz AV, Vittinghoff E, Bauer DC, et al. Association of BMD and FRAX score with risk
of fracture in older adults with type 2 diabetes. JAMA. 2011 Jun 1. 305(21):2184-
92. [Medline].

Uremollieres FA, Pouilles JM, Drewniak N, Laparra J, Ribot CA, Dargent-Molina P. Fracture
risk prediction using BMD and clinical risk factors in early postmenopausal women: sensitivity
of the FDA FRAX tool. ] Bone Miner Res. 2010 May. 25(5):1002-9. [Medline]. [Full Text].
Urisso JA, Kelsey JL, Scrom BL, Chiu GY, Maislin G, O'Brien LA, et al. Risk factors for falls
as a cause of hip fracture in women. The Northeast Hip Fracture Study Group. N Engl ] Med.
1991 May 9. 324(19):1326-31. [Medline].

Vellans KW, Kowalski E, Chung KC. The epidemiology of distal radius fractures. Hand Clin.
2012 May. 28(2):113-25. [Medline]. [Full Text].

605

Tob Regul Sci. ™ 2023;9(1): 590-606


http://reference.medscape.com/medline/abstract/1570766
http://reference.medscape.com/medline/abstract/17566814
http://reference.medscape.com/medline/abstract/12195537
http://reference.medscape.com/medline/abstract/10995048
http://reference.medscape.com/medline/abstract/11176842
http://reference.medscape.com/medline/abstract/10780864
http://reference.medscape.com/medline/abstract/24535832
http://reference.medscape.com/medline/abstract/21632482
http://reference.medscape.com/medline/abstract/20200927
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3112173/
http://reference.medscape.com/medline/abstract/2017229
http://reference.medscape.com/medline/abstract/22554654
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3345129/

Mohammad Mahdi et.al
The Relationship between Neutrophil to Lymphocyte Ratio and Osteoporosis

43.

44.

45.

40.

47.

48.

49.

50.

51.

52.

Vandhu SK, Nguyen ND, Center JR, Pocock NA, Eisman JA, Nguyen TV. Prognosis of
fracture: evaluation of predictive accuracy of the FRAX algorithm and Garvan
nomogram. Osteoporos Int. 2010 May. 21(5):863-71. [Medline].

Vook DJ, Guyatt GH, Adachi ]JD, Clifton ], Griffith LE, Epstein RS, et al. Quality of life
issues in women with vertebral fractures due to osteoporosis. Arthritis Rheum. 1993 Jun.
36(6):750-6. [Medline].

Vchnatz PF, Marakovits KA, Dubois M, O'Sullivan DM. Osteoporosis screening and
treatment guidelines: are they being followed?. Menopause. 2011 Oct. 18(10):1072-
8. [Medline].

Rocca B, FitzGerald GA. Cyclooxygenases and prostaglandins: shaping up the immune
response. Int Immunopharmacol. 2002;2:603-630. [PubMed] [Google Scholar]

Ganesan K, Teklehaimanot S, Tran TH, Asuncion M, Norris K. Relationship of C-reactive
protein and bone mineral density in community-dwelling elderly females. ] Natl Med Assoc.
2005;97:329-333. [PMC free article] [PubMed] [Google Scholar]

Shen H, Zhang N, Zhang X, Ji W. C-reactive protein levels after 4 types of arthroplasty. Acta
Orthop. 2009;80:330-333. [PMC free article] [PubMed] [Google Scholar]

Gary T, Pichler M, Belaj K, Hafner F, Gerger A, Froehlich H, et al. Platelet-to-lymphocyte
ratio: a novel marker for critical limb ischemia in peripheral arterial occlusive disease patients.
PLoS One. 2013;8:¢67688. [PMC free article] [PubMed] [Google Scholar]

Ouztiirk ZA, Yesil Y, Kuyumcu ME, Bilici M, Oztiirk N, Yesil NK, et al. Inverse relationship
between neutrophil lymphocyte ratio (NLR) and bone mineral density (BMD) in elderly
people. Arch Gerontol Geriatr. 2013;57:81-85. [PubMed] [Google Scholar]

Huang C, Li S. Association of blood neutrophil lymphocyte ratio in the patients with
postmenopausal  osteoporosis. Pak ] Med  Sci. 2016;32:762-765. [PMC  free
article] [PubMed] [Google Scholar]

Yilmaz H, Uyfun M, Yilmaz TS, Namuslu M, Inan O, Taskin A, et al. Neutrophil-
lymphocyte ratio may be superior to C-reactive protein for predicting the occurrence of

postmenopausal osteoporosis. Endocr Regul. 2014;48:25-33

606

Tob Regul Sci. ™ 2023;9(1): 590-606


http://reference.medscape.com/medline/abstract/19633880
http://reference.medscape.com/medline/abstract/8507215
http://reference.medscape.com/medline/abstract/21753740
https://pubmed.ncbi.nlm.nih.gov/23490023
https://scholar.google.com/scholar_lookup?journal=Arch+Gerontol+Geriatr&title=Inverse+relationship+between+neutrophil+lymphocyte+ratio+(NLR)+and+bone+mineral+density+(BMD)+in+elderly+people&author=ZA+%C3%96zt%C3%BCrk&author=Y+Yesil&author=ME+Kuyumcu&author=M+Bilici&author=N+%C3%96zt%C3%BCrk&volume=57&publication_year=2013&pages=81-85&pmid=23490023&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4928438/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4928438/
https://pubmed.ncbi.nlm.nih.gov/27375729
https://scholar.google.com/scholar_lookup?journal=Pak+J+Med+Sci&title=Association+of+blood+neutrophil+lymphocyte+ratio+in+the+patients+with+postmenopausal+osteoporosis&author=C+Huang&author=S+Li&volume=32&publication_year=2016&pages=762-765&pmid=27375729&

