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A B ST R AC T 
 

 

Objective. To investigate the relationship between neutrophil to lymphocyte ratio 

(NEU/LY), monocyte to lymphocyte ratio (MO/LY), platelet to lymphocyte ratio 

(PLT/LY), mean platelet volume to lymphocyte ratio (MPV/LY), mean platelet 

volume to platelet ratio (MPV/PLT), plateletcrit to platelet ratio (PCT/PLT) and 

postmenopausal osteoporosis. Materials and Methods. The data of the patients 

who were admitted to Ümraniye Training and Research Hospital between 

January 2017 and July 2020 and had both bone mineral densitometry and 

hemogram tests on the same day were retrospectively scanned. A number of 177 

patients who had been in natural menopause for at least one year and did not have 

any chronic disease nor used any medication were first divided into 3 groups: a 

number of 48 patients with osteoporosis, 103 with osteopenia and 26 patients 

included in the control group. Later on, 177 patients were divided into two 

groups: 151 patients with low bone mineral density and 26 patients were included 

in the control group. Results. There was no difference between the three groups 

in terms of NEU/LY, MPV/LY, MPV/PLT and PCT/PLT. The MO/LY ratio and 

PLT/LY ratio were statistically significantly higher in the osteoporosis group (p 

= 0.002, p <0.001, respectively). The MO/LY ratio was significantly higher in 

the group with low bone mineral density compared to the control group (p = 

0.011), while there was no statistical difference between the two groups in terms 

of PLT/LY ratio (p = 0.281). Conclusions. This study shows that MO/LY and 

PLT/LY are quite simple and cheap markers that can be used in the diagnosis of 

postmenopausal osteoporosis and MO/LY in the diagnosis of postmenopausal 

low bone mineral density. 
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Introduction  

Osteoporosis is a chronic systemic disease 

characterized by increased bone fragility as a result of 

decreased bone density and deterioration in the 

microstructure of bone tissue [1]. While the production and 

resorption process in the bone tissue continues in a 

balanced way throughout life, bone resorption increases 

with the decrease in estrogen levels in the postmenopausal 

period. Osteoporotic fractures resulting from this are one 

of the most important causes of morbidity and mortality in 

the postmenopausal period. 

In recent studies, it was found that inflammation plays 

an important role in the pathogenesis of postmenopausal 

osteoporosis; cytokines such as IL-1, IL-6 and TNF-α have 

been shown to be effective in osteoclast activation and 

bone resorption [2]. The frequent occurrence of 

postmenopausal osteoporosis, especially in chronic 

inflammatory diseases such as Systemic Lupus 

Erythematosus (SLE), Sjögren Syndrome and Rheumatiod 

Arthritis, also supports this relationship [3]. It is now 

known that neutrophils, monocytes, lymphocytes and 

platelets in the blood play an active role in systemic 

inflammation. In recent publications, the prognostic value 

of neutrophil lymphocyte ratio (NEU/LY), monocyte 

lymphocyte ratio (MO/LY) and platelet lymphocyte ratio 

(PLT/LY) has been investigated in cancer patients [4], 

autoimmune diseases [5], cardiovascular diseases [6] and 

even pulmonary embolism [7]. Again, the relationship 

between mean platelet volume [8] and the ratio between 

mean platelet volume and platelet count with 

cardiovascular diseases was investigated in various studies 

[9]. 

In our study, we aimed at investigating the relationship 

between NEU/LY, MO/LY, PLT/LY, MPV/LY, 

MPV/PLT, PCT/PLT and postmenopausal osteoporosis. 
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Materials and Methods 

The data of the patients who were admitted to 

Ümraniye Training and Research Hospital between 

January 2017 and July 2020 and had both bone mineral 

densitometry and hemogram tests on the same day were 

retrospectively scanned from the hospital records. Patients 

with diabetes, adrenal, thyroid and parathyroid gland 

dysfunction, liver or kidney dysfunction, history of 

oncological, hematological disease, rheumatological, 

autoimmune or atherosclerotic coronary artery disease or 

hyperlipidemia and who had experienced surgical 

menopause or received medication for postmenopausal 

osteoporosis or postmenopausal hormone replacement 

therapy, history of trauma or acute infection within 6 

months and history of pathological fracture or blood 

transfusion or steroid use within the last year and also 

smokers were excluded from the study. Out of the 514 

patients, 177 patients who were in natural menopause for 

at least one year were included in the study. 

The bone mineral density of the patients was measured 

in the supine position at the femur neck and L1-L4 vertebra 

with the Horizon DXA System Hologic device using the 

dual X-Ray absorptiometry (DXA) method. According to 

the criteria recommended by the World Health 

Organization, patients with femur neck or lumbar spine L1-

L4 T score values of -2.5 or less were diagnosed with 

osteoporosis; patients with -1.0 to -2.5 osteopenia and more 

than -1.0 were diagnosed with normal bone density. On the 

same day, the hemogram results were obtained from the 

peripheral blood of the patients. A complete blood count 

was performed in an automated hematology analyzer 

Mindray BC6800 machine. Age, body mass index (BMI), 

duration of menopause, hemogram results, femur neck, 

femur total and lumbar spine L1-L4 T score, as well as 

bone mineral density (g/ cm2) were recorded. 

NEU/LY was calculated by neutrophil count/ 

lymphocyte count, MO/LY was calculated by monocyte 

count/ lymphocyte count, PLT/LY was calculated by 

platelet count/ lymphocyte count, MPV/LY was calculated 

by mean platelet volume/ lymphocyte count, MPV/PLT 

was calculated by mean platelet volume/ platelet number, 

PCT/PLT was calculated by plateletcrit/ platelet count. The 

BMI of the patients was calculated by the following 

formula: Body Weight/ Height Square (kg / m2). 

Results 

The data were analyzed using the Spss 22.0 package 

program. Through the Kolmogorov Smirnov test, it was 

tested whether the distribution of the data revealed normal 

distribution. While evaluating the study data, in addition to 

descriptive statistical methods (mean, standard deviation, 

frequency), One Way Anova test for parametric data and 

Kruskal Wallis H test for non-parametric data were used 

for the comparison of more than 2 groups. For the 

comparison of 2 groups, the Independent Sample T test was 

used for parametric data and Man-Whitney U test was used 

for non-parametric data. The significance was evaluated at 

p <0.05 levels for all the values. ROC analysis was used to 

calculate the sensitivity and specificity values in the study.  

Firstly, a number of 177 patients were divided into 

three groups: 48 with osteoporosis, 103 with osteopenia 

and 26 with normal bone mineral density, as part of the 

control group. 

While there was no statistically significant difference 

between the three groups in terms of mean age, the BMI 

was statistically significantly higher in the control group (p 

= 0.001), and the duration of menopause was shorter than 

the osteopenia and osteoporosis group (p = 0.007). the 

leukocyte count, neutrophil count, monocyte count, red 

blood cell count, mean corpuscular hemoglobin 

concentration (MCHC), platelet count, mean platelet 

volume (MPV), plateletcrit (Pct) and the platelet 

distribution width (PDW) were similar in all three groups. 

The lymphocyte count, hemoglobin level, hematocrit level, 

mean corpuscular volume (MCV) and mean corpuscular 

hemoglobin (MCH) levels were statistically significantly 

lower in the osteoporosis group (respectively, p = 0.014, p 

= 0.02, p = 0.05, p = 0.022, p = 0.048) (Table 1). 

There was no statistically significant difference 

between the three groups in terms of neutrophil 

lymphocyte ratio, mean platelet volume lymphocyte ratio, 

mean platelet volume platelet count ratio and plateletcrit 

platelet count ratio. The monocyte-lymphocyte ratio and 

the thrombocyte-lymphocyte ratio were statistically 

significantly higher in the osteoporosis group (p = 0.002 

and p <0.001, respectively) (Table 2). 

We accepted the osteopenia and osteoporosis group as 

the group of patients with low bone mineral density (n = 

151) and compared with the control group with normal 

bone mineral density (n = 26). While there was no 

statistically significant difference between the two groups 

in terms of mean age, the body mass index was higher in 

the control group (p = 0.001) and the duration of 

menopause was shorter (p = 0.005). Leukocyte, neutrophil, 

monocyte, lymphocyte, red blood cell and platelet count 

and hemoglobin, hematocrit, mean corpuscular volume, 

mean corpuscular hemoglobin, mean corpuscular 

hemoglobin concentration, mean platelet volume, 

plateletcrit, and platelet distribution width were similar in 

the two groups (Table 3). 

While there was no statistically significant difference 

between the patient and the control groups in terms of 

neutrophil lymphocyte ratio, thrombocyte lymphocyte 

ratio, the mean thrombocyte volume lymphocyte ratio, the 

mean thrombocyte volume, the thrombocyte count ratio 

and the plateletcrit thrombocyte count ratio, the monocyte 

lymphocyte ratio was statistically significantly higher in 

the patient group (p = 0.011) (Table 4).    
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Table 1. Clinical and laboratory characteristics of the control, osteopenia and osteoporosis groups 

 

Control Group 

n=26 

Osteopenia Group 

n=103 

Osteoporosis Group 

n=48 
p value 

Age (years) 56,90 ± 6,238 58,92 ± 8,644 61,10 ± 7,957 0,095 

BMI (kg/m2) 33,45 ± 4,58 30,15 ± 5,73 28,59 ± 5,05 0,001 

Duration of 

menopause (year) 7,85 ± 7,71 12,27 ± 9,52 14,06 ± 8,59 0,007 

Femur neck BMD 

(g/cm2) 0,86 ± 0,08 0,71 ± 0,08 0,62 ± 0,09 
<0,001 

Femur total BMD 

(g/cm2) 1,02 ± 0,09 0,87 ± 0,10 0,77 ± 0,11 
<0,001 

L1-L4 BMD 

(g/cm2) 1,033 ± 0,07 0,884 ± 0,089 0,733 ± 0,109 
<0,001 

Leukocyte count 6757,69 ± 1852,38 6823,01 ± 1609,78 6645,83 ± 1766,99 0,860 

Neutrophil count 3614,62 ± 1175,05 3827,09 ± 1344,47 3899,58 ± 1294,1 0,547 

Monocyte count 392,69 ± 128,73 417,09 ± 129,29 432,92 ± 149,11 0,555 

Lymphocyte count 2505 ± 692,78 2361,46 ± 520,02 2121,88 ± 562,95 0,014 

RBC (106/mL) 4,52 ± 0,31 4,54 ± 0,31 4,53 ± 0,45 0,947 

Hemoglobin (g/dl) 13,07 ± 1,2 13,29 ± 0,89 12,65 ± 1,13 0,002 

Hematocrit (%) 39,39 ± 3,52 40,06 ± 2,55 38,42 ± 3,02 0,005 

MCV (fL) 87,17 ± 4,16 88,38 ± 4,48 85,32 ± 6,77 0,022 

MCH (pg) 28,94 ± 1,82 29,33 ± 1,72 28,13 ± 2,69 0,048 

MCHC (g/dl) 33,18 ± 0,96 33,18 ± 0,86 32,93 ± 1,18 0,320 

Platelet count 255884,62 ± 49705,8 252087,38 ± 54913,86 277854,17 ± 87840,76 0,317 

MPV (fL) 9,63 ± 1,3 9,9 ± 1,41 9,8 ± 1,35 0,664 

PCT (%) 0,24 ± 0,05 0,25 ± 0,06 0,27 ± 0,08 0,230 

PDW (%) 16,4 ± 0,83 16,39 ± 0,81 16,42 ± 1 0,957 

BMI: Body Mass İndex, BMD: Bone Mineral Density, RBC: Red Blood Cell, MCV: Mean Corpuscular Volume, 

MCH: Mean Corpuscular Hemoglobin, MCHC: Mean Corpuscular Hemoglobin Concentration, MPV: Mean 

Platelet Volüme, PCT: Plateletkrit, PDW: Platelet Distribution Width 

 

Table 2. Comparison of the groups in terms of NEU/LY, MO/LY, PLT/LY, MPV/LYY, MPV/PLTLT, 

PCT/PLTLT. 

 

Control Group 

n=26 

Osteopenia Group 

n=103 

Osteoporosis Group 

n=48 
p value 

NEU/LY 1,47 ± 0,41 1,67 ± 0,63 1,91 ± 0,74 0,200 

MO/LY 0,16 ± 0,03 0,18 ± 0,06 0,21 ± 0,07 0,002 

PLT/LY 107,94 ± 29,52 110,66 ± 29,8 132,83 ± 29,4 <0,001 

MPV/LY 0,0041 ± 0,0013 0,0044 ± 0,0012 0,005 ± 0,0015 0,200 

MPV/PLT 0,0000397 ±  0,000013 0,0000414 ±  0,000012 0,0000383 ±  ,000011 0,375 

PCT/ PLT 0,0000010 ± 0,00000013 0,0000010 ± 0,00000014 0,0000010 ± 0,00000014 0,703 

NEU / LY: neutrophil lymphocyte ratio, MO / LY: monocyte lymphocyte ratio, PLT / LY: platelet lymphocyte 

ratio, MPV / LY: mean platelet volume lymphocyte ratio, MPV / PLT: mean platelet volume platelet count ratio, 

PCT / PLT: plateletcrit platelet ratio 
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Table 3. Clinical and laboratory characteristics of the control and patient group 

 

Control Group 

n=26 

Patient Group 

(osteopenia + osteoporosis) 

n=151 

p 

value 

Age (years) 56,9 ± 6,238 59,61 ± 8,467 0,077 

BMI (kg/m2) 33,45 ± 4,58 29,65 ± 5,553 0,001 

Duration of menopause (year) 7,85 ± 7,71 12,84 ± 9,24 0,005 

Femur neck BMD 

(g/cm2) 0,86 ± 0,084 0,68 ± 0,093 <0,001 

Femur total BMD 

(g/cm2) 1,02 ± 0,092 0,84 ± 0,113 <0,001 

L1-L4 BMD 

(g/cm2) 1,03 ± 0,07 0,84 ± 0,119 <0,001 

Leukocyte count 6757,69 ± 1852,383 6766,69 ± 1657,506 0,916 

Neutrophil count 3614,62 ± 1175,051 3850,13 ± 1324,786 0,401 

Monocyte count 392,69 ± 128,734 422,12 ± 135,605 0,351 

Lymphocyte count 2505 ± 692,776 2285,3 ± 543,793 0,255 

RBC (106/mL) 4,52 ± 0,313 4,54 ± 0,361 0,800 

Hemoglobin (g/dl) 13,07 ± 1,203 13,09 ± 1,012 0,845 

Hematocrit (%) 39,39 ± 3,523 39,54 ± 2,803 0,957 

MCV (fL) 87,17 ± 4,157 87,41 ± 5,48 0,559 

MCH (pg) 28,94 ± 1,816 28,95 ± 2,145 0,815 

MCHC (g/dl) 33,18 ± 0,962 33,1 ± 0,974 0,722 

Platelet count 255884,62 ± 49705,796 260278,15 ± 67920,263 9,865 

MPV (fL) 9,63 ± 1,298 9,87 ± 1,39 0,418 

PCT (%) 0,24 ± 0,045 0,26 ± 0,065 0,523 

PDW (%) 16,4 ± 0,83 16,4 ± 0,874 0,85 

BMI: Body Mass Index, BMD: Bone Mineral Density, RBC: Red Blood Cell, MCV: Mean Corpuscular Volume, 

MCH: Mean Corpuscular Hemoglobin, MCHC: Mean Corpuscular Hemoglobin Concentration, MPV: Mean 

Platelet Volume, PCT: Plateletcrit, PDW: Platelet Distribution Width 

 

Table 4. Comparison of the groups in terms of NEU/LY, MO/LY, PLT/LY, MPV/LYY, MPV/PLTLT, 

PCT/PLTLT. 

 

Control Group 

n=26 

Patient Group 

(osteopenia + osteoporosis) 

n=151 
p 

value 

NEU/LY 1,47 ± 0,415 1,75 ± 0,675 0,055 

MO/LY 0,16 ± 0,031 0,19 ± 0,063 0,011 

PLT/LY 107,94 ± 29,517 117,71 ± 31,339 0,281 

MPV/LY 0,00413 ± 0,00129 0,00458 ± 0,00134 0,13 

MPV/PLT 0,00004 ± 0,000013 0,00004 ± 0,000012 0,352 

PCT/PLT 0,000001 ± 0,00000013 0,000001 ± 0,00000014 0,269 

NEU / LY: neutrophil lymphocyte ratio, MO / LY: monocyte lymphocyte ratio, PLT / LY: platelet lymphocyte 

ratio, MPV / LY: mean platelet volume lymphocyte ratio, MPV / PLT: mean platelet volume platelet count ratio, 

Pct / PLT: plateletcrit platelet ratio 
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We performed ROC curve analysis to determine the 

diagnostic value of monocyte lymphocyte ratio in 

postmenopausal low bone mineral density. According to 

the ROC curve analysis, the area under the curve was 0.656 

(95% confidence interval [CI]: 0.565-0.747) and the 

optimal cutoff value was 0.161 (65% sensitivity and 65% 

specificity) for the monocyte lymphocyte ratio (Figure 1). 

 
Figure 1. ROC curve showing the diagnostic value 

of monocyte lymphocyte ratio in detecting 

postmenopausal low bone mineral density. 

Discussions 

In current practice, the measurement of bone mineral 

density with dual X-ray absorptiometry is accepted as the 

gold standard in the diagnosis of postmenopausal 

osteoporosis, but it has been stated that methods such as 

quantitative computed tomography, high resolution 

peripheral quantitative tomography or ultrasonography can 

be used in the diagnosis of postmenopausal osteoporosis 

[1]. As an alternative to these complicated and expensive 

diagnostic methods, in this study, we investigated the role 

of the parameters in the hemogram examination in the 

diagnosis of postmenopausal osteoporosis. 

In a study published by Huang et al. it was stated that 

the neurtophil lymphocyte ratio could be an important 

marker in the diagnosis of osteoporosis in postmenopausal 

women without diabetes [10]. In addition, Yu et al. found 

that the high neutrophil lymphocyte ratio was associated 

with arterial stiffness in women with postmenopausal 

osteoporosis [11]. In another paper published in 2017, the 

relationship between low bone mineral density and 

neutrophil lymphocyte ratio and platelet lymphocyte ratio 

was studied in postmenopausal women. While the 

thrombocyte lymphocyte ratio was found to be statistically 

significantly higher in the group with low bone mineral 

density compared to the group with normal bone mineral 

density (p = 0.008), such a relationship was not shown in 

the neutrophil lymphocyte ratio [12-14]. 

In an article published by Eroğlu et al., the relationship 

between postmenopausal osteoporosis and neutrophil 

lymphocyte ratio, monocyte lymphocyte ratio and 

thrombocyte lymphocyte ratio was studied. Out of these 

three parameters, only the thrombocyte lymphocyte ratio 

was found to be statistically significantly higher in patients 

with postmenopausal osteoporosis (p = 0.02) [15]. In 

another study published in 2019, the role of neutrophil 

lymphocyte ratio, monocyte lymphocyte ratio and platelet 

lymphocyte ratio in the diagnosis of osteoporosis in both 

men and women was investigated. All three parameters 

were found to be statistically significantly higher in 

patients with osteoporosis compared to the control group 

(p <0.001, p <0.001, p = 0.001, respectively). According to 

the ROC curve analysis, the diagnostic power of the 

monocyte lymphocyte ratio was higher than the ratio of 

neutrophil lymphocyte and thrombocyte lymphocyte 

(respectively AUC: 0.75 [95% CI: 0.698-0.808], AUC: 

0.70 [95% CI: 0.556- 0.682], AUC: 0.619 [95% CI: 0.556-

0.682) [16]. In our study, we found that the monocyte-

lymphocyte ratio and the thrombocyte-lymphocyte ratio 

were statistically significantly higher in patients with 

postmenopausal osteoporosis compared to the control and 

osteopenia groups (respectively p = 0.02 and p <0.001). 

When we consider the osteopenia and osteoporosis group 

as the patient group with low bone mineral density and 

compare it with the control group, the monocyte-

lymphocyte ratio was significantly higher in the patient 

group with low bone mineral density (p = 0.11). However, 

there was no significant difference between the two groups 

in terms of platelet-lymphocyte ratio. In our study, 

according to the ROC curve analysis, we found the optimal 

cuttoff value of 0.16 with 65% sensitivity and 65% 

specificity in detecting postmenopausal low bone mineral 

density of monocyte lymphocyte ratio (AUC: 0.656 [95% 

CI: 0.565-0.747). 

In a study including 338 postmenopausal women, 

examining the relationship between the number of 

peripheral blood cells (erythrocyte, leukocyte and platelet) 

and bone mineral density, it has been reported that there is 

a positive relationship between the number of peripheral 

blood cells and bone mineral density. In women with 

osteoporosis and osteopenia, the number of all peripheral 

blood cells was found to be statistically significantly lower 

than in women with normal bone mineral density [17]. In 

another article published in 2020, the relationship between 

platelet count and bone mineral density was examined. In 

this study, which included 2,877 postmenopausal women 

and 2,304 male patients over the age of 50, it was stated 

that high platelet count was statistically significantly 

associated with osteopenia and osteoporosis, and cutoff 

values were given as 217 × 103 / μL for osteopenia and 269 

× 103 / μL for osteoporosis [18]. Li et al. investigated the 

relationship between the mean platelet volume and bone 
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mineral density in postmenopausal women. A statistically 

significantly higher mean platelet volume was found in 

patients with postmenopausal osteoporosis compared to 

the control and osteopenia groups (p <0.001), and it was 

suggested that increased platelet volume was associated 

with low bone mineral density [19]. The fact that patients 

with diabetes and hypertension, as well as patients using 

anti-platelet drugs and statins were included in this study, 

has been criticized as it may affect the results of the study. 

In a study published by Akbal et al. in 2014, the mean 

platelet volume and the platelet distribution width were 

found to be statistically significantly lower in patients with 

osteoporosis compared to the control and osteopenia 

groups (p = 0.004, p = 0.034, respectively) [20]. Unlike the 

four studies above, we also looked at the number of 

erythrocytes, leukocytes and platelets, mean platelet 

volume, platelet distribution width, mean platelet volume-

lymphocyte ratio, mean platelet volume-platelet count ratio 

and plateletcrit-platelet count ratio in our own study and 

we did not find a statistically significant relationship with 

postmenopausal osteoporosis in any of them. 

In the literature, different results were obtained in many 

studies examining the relationship between hemogram 

parameters and osteoporosis [21,22]. We think that the 

heterogeneity of the groups included in the study (gender, 

surgical or natural menopause status, etc.), chronic diseases 

or the drugs used by the patients caused differences in the 

results. The limitations of our study are that our study was 

single-centered and retrospective, the number of our 

patients was low, and the calcium and vitamin D levels of 

the patients were not known. 

Conclusions 

In conclusion, in our study, we found that the 

monocyte-lymphocyte ratio and the thrombocyte-

lymphocyte ratio were statistically significantly higher in 

women with osteoporosis who had been in natural 

menopause for at least one year and did not have any 

chronic disease or drug use, compared to the osteopenia 

and control groups. We also found that the monocyte-

lymphocyte ratio is a useful marker that can be used to 

detect low bone mineral density in the postmenopausal 

period. We believe that the monocyte-lymphocyte ratio and 

the thrombocyte-lymphocyte ratio will be an easy and 

cheap marker for routine use in the diagnosis of 

postmenopausal osteoporosis with studies to be conducted 

on a larger number of patients.  
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