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Abstract
Objective: The relationship between bone mineral density (BMD) values and nutritional status as well as serum copper (Cu), zinc (Zn),
selenium (Se) and manganese (Mn) levels in postmenopausal women has not been fully elucidated. Therefore, this study aimed to investigate
whether there is a relationship between BMD values and nutritional status as well as serum Cu, Zn, Se and Mn levels by evaluating the
nutritional status of postmenopausal women based on the BMD values using an objective index.
Materials and Methods: The study included 105 postmenopausal women who were divided into the following 3 groups: Controls (control
group, n=30, T-score >-1.0), patients with osteopaenia (osteopaenia group, n=30, T-score >-2.5) and patients with osteoporosis (osteoporosis
group, n=45, T-score ≤-2.5). Moreover, the nutritional status of the patients was determined using the prognostic nutritional index (PNI), which
is calculated based on the serum albumin levels and total lymphocyte count. Further, serum Cu, Zn, Se and Mn levels were also determined.
The relationship between BMD and PNI as well as the serum levels of Cu, Zn, Se and Mn was investigated.
Results: The mean age and body mass index (BMI) of the participants were found to be similar in all the groups [control group (age, 63.4±5.2
years; BMI, 33.7±5.6 kg/m2); osteopaenia group (age, 64.6±5.3 years; BMI, 33.5±5.9 kg/m2) and osteoporosis group (age, 65.8±5 years;
BMI, 30.9±7.2 kg/m2)]. In the osteoporosis group, the PNI and serum albumin, Cu and Zn levels were significantly lower than those in the
control group (p<0.05), and a weak positive correlation was observed between lumbar total BMD values and PNI as well as serum albumin
and Mn levels (p<0.05). Furthermore, a positive moderate correlation between PNI and serum Zn levels was observed in the osteoporosis
group (p=0.045, r=0.063).
Conclusion: Low serum albumin levels and a low PNI, particularly in postmenopausal patients with osteoporosis, may have an adverse effect
on the total BMD in the lumbar region. Furthermore, Zn supplementation in patients with osteoporosis having low PNI can be a potential
additional treatment strategy. Cu and Mn supplementation may also provide an additional benefit to existing treatments.
Keywords: Postmenopausal osteoporosis, prognostic nutritional index, trace elements

Öz
Amaç: Postmenopozal kadınlarda kemik mineral yoğunluğunun (KMY) nutrisyonel durum ve serum bakır (Cu), çinko (Zn), selenyum (Se)
ve manganez (Mn) seviyeleri ile olan ilişkisi tam olarak aydınlatılamamıştır. Bu nedenle postmenopozal kadınların KMY değerlerine göre
nutrisyonel durumunu objektif bir indeks ile değerlendirerek Cu, Zn, Se ve Mn ile arasında bir ilişki olup olmadığını incelemeyi amaçladık.
Gereç ve Yöntem: Çalışmada postmenopozal olan 105 kadın üç gruba ayrıldı; kontroller (kontrol grup, n=30, T-skoru >-1,0), osteopenik
hastalar (osteopenik grup, n=30, T-skoru >-2,5) ve osteoporotik hastalar (osteoporotik grup, n=45, T-score ≤-2,5). Hastaların nutrisyonel
durumlarının belirlenmesinde serum albümin ve total lenfosit sayısını içeren prognostik nutrisyonel indeks (PNI) kullanıldı. Cu, Zn, Se ve Mn
eser elementlerinin serum seviyeleri belirlendi. KMY ile PNI ve eser elementlerin serum seviyeleri arasındaki ilişki incelendi.
Bulgular: Katılımcıların ortalama yaş ve vücut kitle indeksi (VKİ) tüm gruplarda benzerdi. [Kontrol grubu (yaş, 63,4±5,2 yıl; VKİ, 33,7±5,6 kg/
m2); osteopeni grubu (yaş, 64,6±5,3 yıl; VKİ, 33,5±5,9 kg/m2) ve osteoporozis grubu (yaş, 65,8±5 yıl; VKİ, 30,9±7,2 kg/m2)]. Osteoporoz
grubunda; PNI, albümin, serum Cu ve Zn seviyelerinin kontrol grubuna göre anlamlı şekilde daha düşük olduğu (p<0,05) ve lomber total KMY
değerleri ile PNI, albümin ve serum Mn seviyesi arasında pozitif zayıf bir korelasyon olduğu bulundu (p<0,05). Ayrıca osteoporoz grubunda
PNI ile serum Zn seviyesi arasında pozitif orta düzeyde bir korelasyon olduğu tespit edildi (p=0,045, r=0,063).
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Öz
Sonuç: Postmenopozal osteoporoz hastalarında özellikle düşük serum albümin düzeyi ve/veya düşük PNI değeri lomber bölgedeki total
KMY’yi olumsuz yönde etkileyebilir. Ayrıca düşük PNI değeri olan osteoporoz hastalarında Zn takviyesinin yapılması potansiyel ek bir tedavi
stratejisi olabilir. Bununla birlikte Cu ve Mn bileşiklerinin takviyesi mevcut tedavilere ek olarak fayda sağlayabilir.
Anahtar kelimeler: Postmenopozal osteoporoz, prognostik nutrisyonel indeks, eser elementler

Introduction
Osteoporosis, a silent but progressive disease in which bone
mineral density (BMD) and quality is affected, significantly
increases the risk of fractures in postmenopausal women. As
a result of the increase in the prevalence of osteoporosis with
the elderly population worldwide, one in three women is at risk
of osteoporotic fracture (1). The increased risk of fractures is
a public health problem in postmenopausal women and also
an important reason for increased morbidity and mortality. Its
pathogenesis is versatile and consists of complex interactions of
many physiological processes, including genetic, environmental,
hormonal, and nutritional factors, as well as trace element
deficiencies (2).
The presence of subclinical chronic inflammation and agerelated geriatric problems in postmenopausal osteoporosis
may contribute to malnutrition development by causing
deterioration of individuals’ nutritional status. Therefore,
postmenopausal osteoporosis and malnutrition are likely to
be seen together and may affect each other negatively (3). In
addition, due to both postmenopausal osteoporosis (4) and
malnutrition and advanced age (5), the risk of trace element and
vitamin deficiencies increases. In previous studies, it has been
reported that many trace elements are required in the growth,
development, and repair processes of healthy bones (6,7). In
some recent studies, the relationship between postmenopausal
osteoporosis and trace elements such as copper (Cu), zinc (Zn),
selenium (Se), and manganese (Mn) has been investigated (8,9).
However, although it is known that the risk of bone resorption
may increase in the deficiency of Cu, Zn, Se, and Mn elements,
the relationship between these elements and postmenopausal
osteoporosis has not been fully elucidated (2,10-12). In addition,
there is no study in the literature that examines the nutritional
status of postmenopausal women according to their BMD with
an objective index and evaluates the relationship between trace
elements. Therefore, in our study, the prognostic nutritional index
(PNI), which is a reliable method that includes serum albumin
and total lymphocyte count (TLC) was used for postmenopausal
elderly patients (13).
In this study, we aimed to investigate whether there is a
relationship between BMD and PNI and serum levels of Cu, Zn,
Se, and Mn trace elements in postmenopausal women.

Materials and Methods
This retrospective study included postmenopausal women who
admitted to Atatürk University Medical Faculty Physical Medicine

and Rehabilitation Department outpatient clinic between January
2019 and January 2020. The data of the patients included in the
study were obtained from hospital records. In addition, consent
was obtained from the participants. The study was approved
by the Atatürk University Faculty of Medicine Ethics Committee
(decision no: 16, date: 07.05.2020). The study was conducted
in accordance with the Declaration of Helsinki.
In this retrospective study; 105 postmenopausal women
including control (n=30, T-score >-1.0); osteopenic (n=30, -1>
T-score >-2.5); and osteoporotic (n=45, T-score ≤-2.5) groups
were investigated. Body mass index (BMI) values of women in
all three groups were carefully matched.
Inclusion criteria were as follow;
1. Minimum age 45, maximum age 70.
2. Spontaneous menopause for at least 12 months.
Exclusion criteria were as follow;
1. Any disease history that may affect bone metabolism and
cause secondary osteoporosis.
2. Having a surgical menopause.
3. Any organ pathology (i.e., gastrointestinal system) and disease
that will cause malnutrition.
4. Any drug use history that may lead to corticosteroid or
osteoporosis (except non-steroidal anti-inflammatory drugs and
paracetamol).
5. Other medical conditions that may affect trace element levels
such as kidney disease, diabetes mellitus, or medication use (i.e.,
diuretic, hormone replacement therapy, laxatives, etc.) may be
affected.
6. Bisphosphonates, calcitonin, anabolic steroids, hormone
replacement therapy, calcium, or vitamin D use in the last 6
months.
BMD measurements;
Osteoporosis diagnosis was made based on BMD measurements
according to World Health Organization criteria (14). Dual-energy
X-ray absorptiometry (DEXA) was evaluated by measuring the
lumbar spine (L1-L4 total T-score) and femoral total and neck
T-scores for axial skeletal BMD values (DEXA, Hologic QDR
2000). Group 1 (normal), group 2 (osteopenia), and group 3
(osteoporosis) were identified as bone mass loss ≤1 standard
deviation (SD), 1 SD< bone mass loss <2.5 SD, and bone mass
loss ≥2.5 SD, respectively. Results were recorded as g/cm2 (14).
Determination of nutritional status;
PNI was calculated based on the equation below.
PNI=10 × serum albumin (g/dL) +0.005 × total lymphocyte
count (per mm3)
Serum albumin levels indicate protein reserve and low total
lymphocyte count indicate low immune function as a result of
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malnutrition. It shows normal malnutrition if PNI value ≥50, mild
malnutrition if PNI value is <50, moderate to severe malnutrition
if PNI value is <45, and severe malnutrition if PNI value is <40.
Lower PNI scores indicate that the nutritional status is worse
(13,15).
Measurements of PNI parameters (albumin and TLC) in serum.
Blood samples were taken from the ante-cubital vein following
8-10 hours starving and stored in standard biochemistry tube
(yellow capped tubes with gel) and hemogram tubes containing
ethylenediaminetetraacetic acid (EDTA). Total lymphocyte count
was calculated from hemogram tubes with EDTA. Biochemistry
tubes were centrifuged at 3500 rpm for 10 minutes, and serum
partition was separated. Serum samples were stored at -80 °C
until analysis. Serum samples were taken out of the refrigerator
and waited until they reached room temperature. Routine clinical
chemistry analyzes were carried out in clinical chemistry devices
in the medical biochemistry laboratory of Atatürk University
Medical Faculty. Trace element concentration measurements
were performed using the Agilent ICP-MS system (Agilent
technologies, Courtaboeuf, France). Normal range of serum
albumin level and TLC were 3.5-5.2 g/dL and 1.16-3.61×103/
mm3, respectively.

Measurements of Serum Cu, Zn, Se and Mn Levels
The Agilent ICP-MS system consists of a 7700 Series (Agilent
Technologies, Courtaboeuf, France), and the system is equipped
with a third-generation octopole reaction system (ORS3) using
He gas. Samples were injected from sample tubes in a CETAC
ASX-500 Series autosampler (CETAC Technologies, Omaha, NE,
USA) with a peristaltic pump. The gas outlet, ion lenses, solubility
axis, torch position, and background are optimized daily using
the adjustment solution (1 mg L-1) to perform the instrument’s
stability test. Normal ranges of trace elements in serum are Cu;
700-1550 mg/L, Zn; 800-1200 mg/L, Se; 63-160 mg/L and Mn;
as 5-15 mg/L.
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Statistical Analysis
The data were evaluated in the IBM SPSS statistics 25.0 (IBM
Corp, Armonk, New York, USA) statistics program. Descriptive
statistics are given as number of units (n), percent (%), mean
+ SD (x+SD), median (Q1-Q3) values. The normal distribution
of data of numerical variables was evaluated by Shapiro-Wilk
normality test and Q-Q graphs. Comparisons between groups
were made using One-Way ANOVA for variables with normal
distribution, and Kruskal-Wallis analysis for variables without
normal distribution. As multiple comparison test, Tukey
honestly significant difference was used for normally distributed
variables, and Dunn-Bonferoni test was used for non-normally
distributed variables. In correlations between PNI and trace
elements, evaluations were made using Pearson’s correlation
coefficient (r) for normally distributed variables and Spearman
correlation coefficient (rs) for non-normally distributed variables.
Linear regression analysis was performed between age, BMI,
PNI, albumin, Cu, Zn and Mn variables and BMD in the groups.
P<0.05 was considered statistically significant.

Results
The average BMI, age range, and BMI values of 105
postmenopausal women were determined according to the
BMD values as control (n=30, mean age; 63.4±5.2 years, age
range; 53-70 years, BMI mean value; 33.7±5.6), osteopenia
(n=30, mean age; 64.6±5.3 years, age range; 50-70 years, BMI
average value; 33.5±5.9) and osteoporosis (n=45, average age;
65.8±5 years, age range 51-70 years the BMI average value into
30.9±7.2) groups (Table 1).
Age and BMI mean values were statistically similar in the
groups. However, mean BMI values decreased gradually in
the control, osteopenia, and osteoporosis groups, respectively.
When PNI (albumin and TLC), serum Cu and Zn levels of the
groups are compared; PNI, serum Cu and Zn levels were
found to be gradually decreased in control, osteopenia and

Table 1. Comparison of demographic characteristics, prognostic nutritional index and serum levels of trace elements in
groups
Parameters

Control
(T-score: 0 to -0.99)

Osteopenic
(T-score: -1 to -2.49)

Osteoporotic
(T-score: ≤-2.5)

p

n

30

30

45

-

Age (years) (min-max)

63.4 (53-70)

64.6 (50-70)

65.8 (51-75)

0.135

BMI (kg/m )

33.7 (25.5±47.6)

33.5 (24.4±46.8)

30.9 (20.1±52.3)

0.109

PNI

53.21+4.95

52.06+4.43

48.01+6.77

0.005**

Albumin

42.12+2.4

37.57+9.6

37.96+4.5

0.006**

TLC

2212+823.6

2296,53+1022,1

2211,11+719.3

0.210

Cu (mg/L)

1021,4+37.4

1007,2+33.5

882.7+31.03

0.017*

Zn (mg/L)

416.1+44.1

366.9+40.8

297.6+41.3

0.026*

Se (mg/L)

262.3+35.08

264.2+33.5

260.1+31.07

0.905

Mn (mg/L)

9.5+2.01

8.5+2.9

7.4+1.9

0.506

2

*p<0.05, **p<0.01. n: Number of female patients, BMI: Body mass index, PNI: Prognostic nutritional index, Cu: Copper, Zn: Zinc, Se: Selenium, Mn: Manganese,
TLC: Total lymphocyte count
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osteoporosis groups, respectively. There was a statistically
significant difference between control and osteoporosis
groups in terms of PNI, albumin, Cu, and Zn levels (p<0.05).
However, there was no significant difference between the
osteoporosis and the control groups in terms of TLC values.
In addition, there was no significant difference between the
osteoporosis group and the osteopenia group in terms of PNI,
Cu and Zn levels, and between the osteopenia group and the
control group. However, there was a significant difference
between the osteopenia group and the control group in
terms of albumin levels (p<0.05). In control, osteopenia,
and osteoporosis groups, it was observed that serum Mn
level gradually decreased and serum Se level was lowest in
the osteoporosis group, respectively. However, there was no
statistically significant difference between serum Mn and Se
levels between groups (Table 1).

When the relationship between the lumbar total, femur neck
and femur total BMD values and demographic data, PNI and
serum levels of trace elements were evaluated; there was a
weak negative correlation between age and femoral neck BMD
In the control and osteoporosis groups and a moderate positive
correlation between BMI and femoral neck and femur total BMD
values in the osteopenia group (p<0.05). There was a moderate
(p=0.027, r=0.402) and weakly positive correlation (p=0.023,
r=0.340) between the lumbar total BMD values and PNI in
the control and osteoporosis groups, respectively. In addition,
there was a low (p=0.032, r=0.393) and moderate (p=0.001,
r=0.556) positive correlation between femur neck and femur
total BMD values and albumin in the control group. There was
a weak positive correlation between the lumbar total BMD and
albumin in the osteoporosis group (p=0.008, r=0.392) (Table 2).
There was a moderate positive correlation between femur neck

Table 2. Relationship between bone mineral density and demographic characteristics, prognostic nutritional index and
serum levels of trace elements in groups
Control

(g/cm2)

(g/cm2)

(g/cm2)

(g/cm2)

p

p

p

p

p

p

p

p

p

-0.217
0.268
0.290
0.268
0.208
0.079
0.122
-0.049

0.001

0.075
0.054
0.075
0.170
0.606
0.424
0.750

0.98

-0.296
-0.18
0.155
0.114
0.147
-0.160
0.141
-0.149

-0.025

0.908
0.310
0.454
0.336
0.871
0.355
0.329

0.292

-0.38
0.150
0.340
0.392
0.147
-0.24
0.078
0.322

0.063

0.023* 0.324
0.008**
0.334
0.877
0.609
0.031*

0.679

-0.131
0.575
0.257
0.278
0.013
-0.147 -0.100
0.150

0.031

0.001**
0.171
0.136
0.945
0.437
0.429

0.601

0.118
0.174

0.070

0.534
0.357

0.713

-0.052 -0.040
0.093

0.833
0.783
0.627

0.510
0.050
0.228

0.623

0.489

0.558

Mn (mg/L)

Zn (mg/L)

0.737

Se (mg/L)

0.791

0.871

-0.087
0.463
0.062
0.103
-0.152

r

0.226

0.048

0.010*
0.745
0.588
0.422

r

0.024

0.803

-0.193
-0.095
-0.099
0.098
0.335

r

0.315

-0.23

0.618
0.602
0.607
0.070

r

0.899

0.904

-0.151
-0.297
0.209
0.556
-0.071

r

0.090

0.458

0.110
0.268
0.001**
0.708

r

-0.380 -0.064

0.011*

-0.363
0.298
0.056
0.393
-0.159

r

-0.261

0.626

0.110
0.768
0.032*

r

0.068

0.001** 0.400

0.227
-0.123
0.402
0.323

0.027* 0.518

r

0.152

(g/cm2)

0.049*

(g/cm2)

0.805

(g/cm2)

0.491

(g/cm2)

0.647

(g/cm2)

0.308

Femur
total
BMD

0.427

Femur
neck
BMD

0.049*

Lomber
total
BMD

0.228

Femur
total
BMD

0.164

Cu (mg/L)

Femur
neck
BMD

0.293

TLC

Lomber
total
BMD

-0.271

Alb

Femur
total
BMD

0.082

PNI

Femur
neck
BMD

0.116

BMI

Osteoporosis

Lomber
total
BMD

0.148

Age

Osteopeni

*p<0.05, **p<0.01. BMI: Body mass index, PNI: Prognostic nutritional index, Alb: Albumin, Cu: Copper, Zn: Zinc, Se: Selenium, Mn: Manganese, TLC: Total lymphocyte count
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Discussion

and femur total BMD values and serum Cu levels in the control
group (respectively; p=0.001, r=0.626 and p=0.011, r=0.455)
while a weak positive correlation was observed between lumbar
total BMD values and serum Mn (p=0.031, r=0.32) levels in the
osteoporosis group (p<0.05). However, there was no correlation
between serum Zn and Se values and BMD values (Table 2).
When the relationships between PNI values and demographic
data and serum levels of trace elements are evaluated; there
was a significant positive moderate correlation between PNI
level and serum Zn level (p=0.045, r=0.063) in osteoporosis
group, but there was no significant correlation in other data
(Table 3).
Age, BMI, PNI, albumin, Cu, Mn and Zn levels were included in
the linear regression analysis to reveal the role of the analyzed
parameters in the determination of BMD. It was observed
that PNI value is not a determiner on lumbar total BMD in
postmenopausal osteoporosis patients while the albumin level
is a weak determinant [Beta coefficient (β) =0.556, R2=0.309,
p=0.001, standard error =0.054, 95% confidence interval]
(Graphic 1). It was observed that BMI was a weak determinant
on femur neck and femur total BMD in osteopenia patients
while PNI value was found to be a weak determinant on lumbar
total BMD in control patients. It was observed that the other
parameters evaluated were not a determining factor on BMD.

In our study, it was found that PNI, serum albumin, Cu, and
Zn levels were significantly lower in the osteoporosis group
compared to the control group, and there was a weak positive
correlation between lumbar total BMD values and PNI, albumin,
and serum Mn levels. In addition, there was a moderate positive
correlation between PNI and serum Zn levels in the osteoporosis
group.
Osteoporosis, one of the most important health problems of
postmenopausal women and genetic factors play a major role.
However, adequate and balanced nutrition can be an inexpensive
and easily applicable therapeutic method as well as an additional
contribution to the treatment process compared to other treatment
methods. Trace elements other than vitamin D and calcium, which
are known as the main components of bone metabolism are
essential sub-elements necessary for the success of many stages of
bone metabolism (16). For this reason, deficiencies of these basic
sub-items can be eliminated with adequate and balanced nutrition
or supplements in postmenopausal osteoporosis. Otherwise,
in addition to the increased morbidity and mortality seen in
osteoporosis, additional morbidity and mortality in malnutrition
may pose a serious risk (17).
While advanced age and low BMI values contribute to the
formation of osteoporosis in postmenopausal women,
subclinical chronic inflammation present in osteoporosis patients
may also contribute to the formation of malnutrition (17-20).
In our study, there was no significant difference between the
groups in terms of age and BMI values. Therefore, it can be
suggested that age and BMI values in the groups did not make
an additional contribution to the formation of postmenopausal
osteoporosis and malnutrition. However, similar to the literature,
postmenopausal patients had the lowest BMI level, and this
may be an indicator of impaired nutritional status in patients
with osteoporosis. Furthermore, it was found that there was
a significant relationship between BMI and femur neck and
femur total BMD in osteopenia patients. The regression analysis
revealed that BMI had a strong effect on femur neck and femur
total BMD.
The albumin level evaluated in the PNI is an important indicator
of the amount of protein taken by the diet (21). There are several

Graphic 1. Linear regression graph between albumin and lumbar
total BMD in postmenopausal osteoporosis group
BMD: Body mineral density

Table 3. Relationship between prognostic nutritional index values and serum levels of trace elements in groups
PNI values with normal control
(T-score: 0 to -0.99)

PNI values with osteopenic
(T-score: -1 to -2.49)

PNI values with osteoporotic
(T-score: ≤-2.5)

p

r

p

r

p

r

Age (years)

0.913

-0.21

0.098

-0.308

0.891

-0.21

BMI (kg/m )

0.256

0.214

0.394

0.162

0.868

-0.025

Cu (mg/L)

0.052

-0.359

0.946

0.013

0.605

-0.079

Zn (mg/L)

0.671

-0.081

0.181

-0.251

0.045*

0.063

Se (mg/L)

0.104

0.302

0.552

-0.113

0.761

-0.047

Mn (mg/L)

0.909

-0.022

0.717

0.069

0.329

0.149

Parameters

2

*p<0.05. PNI: Prognostic nutritional index, BMI: Body mass index, Cu: Copper, Zn: Zinc, Se: Selenium, Mn: Manganese
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epidemiological studies reporting that there is a relationship
between dietary protein and bone (22,23). These studies
show that individuals who consume the most dietary protein
have the highest BMD (24,25). However, there are studies
reporting that there is no independent relationship between low
albumin levels and BMD (26,27). TLC is a useful determinant
in the determination of nutritional status, and it is a fast, easily
accessible method that can be used in all age groups (13,15,28).
In addition, it has been stated that TLC may be a suitable marker
in the evaluation of nutritional status and bone health together
with albumin in advanced age (senile) patients (29). However,
although low TLC is not a specific finding for malnutrition, it
has been reported that it may show decreased immune function
resulting from malnutrition (13,15,28).
Although the mechanism of the relationship between
postmenopausal osteoporosis and hypoalbuminemia is not
clear; hypoalbuminemia may be directly related to nuclear
factor kappa B, an important protein complex known to
suppress osteogenesis and osteoclast activation. Or indirect
interaction with acute phase reactants, such as TNF-alpha, IL-1,
can also cause a decrease in BMD. Hypoalbuminemia may cause
decreased BMD in individuals affected by diseases associated
with low albumin levels or through various mechanisms
caused by the deficiency of many proteins and trace elements
carried by albumin (30). In our study, when the PNI values in
the groups were examined, it was seen that the nutritional
status was normal in the control and osteopenia groups, but
mild malnutrition was observed in the osteoporosis group.
PNI and albumin levels were significantly lower in patients
with postmenopausal osteoporosis than in control patients.
In addition, a positive correlation was found between lumbar
total BMD value and PNI and albumin levels in postmenopausal
osteoporosis patients. However, the regression analysis
revealed that albumin level had a weak effect on lumbar
total BMD. Therefore, our study was found to be compatible
with previous literature information suggesting a relationship
between albumin deficiency and osteoporosis (30). However,
it can show us that albumin deficiency may have an important
effect on especially trabecular bone density and BMD decrease
in lumbar vertebrae where metabolic activities are high, and
some precautions should be taken in terms of nutritional status
and bone health. In our study, it was found that there was no
significant difference between the TLC levels of the groups,
and there was no relationship between BMD and TLC levels.
This may be due to the very close PNI values in the groups, the
limited number of patients, and other factors that may affect
the TLC.
The relationship between Cu, Zn, Se, and Mn and osteoporosis
is not well defined in the literature. Although there are studies
indicating that these trace elements decrease in most patients
with postmenopausal osteoporosis, there are studies reporting
the opposite (2,8,10-12). Therefore, we determined the serum
levels of Cu, Zn, Se, and Mn trace elements and focused on the
relationship between BMD and PNI.

Although the Cu deficiency is rarely reported in humans, a
low or moderate Cu deficiency may affect the synthesis and
stability of bone collagen or cause osteogenesis inhibition
leading to osteoporosis (31,32). This indicates that adequate Cu
intake with diet is important for the preservation of bone and
cartilage (33). However, there are studies reporting that there
is no difference between serum Cu levels of patients with and
without postmenopausal osteoporosis (2). In our study, serum
Cu levels in the groups were within the normal range. However,
the lowest Cu level was found in patients with postmenopausal
osteoporosis, and there was a significant difference between
the control group. Therefore, it suggests that it may be a new
supplement candidate in the prevention and treatment of
osteoporosis. Although there was no relationship between BMD
and serum Cu level in osteoporosis and osteopenia patients, a
significant positive relationship was found in the control group.
This may have occurred due to other factors that may affect the
serum Cu level in the groups. There was no relationship between
serum Cu level and PNI in our study. This may be due to the
fact that serum Cu is less affected by the albumin level because
more than 90% of serum Cu is transported via ceruloplasmin.
In addition, since serum Cu level is within the normal range in
groups, it can be thought that hematopoiesis and/or TLC are
not affected by this condition.
Zn is being the cofactor of enzymes such as alkaline phosphatase,
collagenase, and sulfurethylase, which are involved in the
synthesis of various bone matrix components and have important
roles in normal collagen synthesis and bone mineralization.
There are many studies reporting that there is a relationship
between Zn deficiency and osteoporosis (2,8,9,11,12).
In our study, serum Zn levels were found to be below normal
levels in all groups. In addition, it was determined that the lowest
Zn level was in postmenopausal osteoporosis patients, and
there was a significant difference between the other groups. In
addition, although there was no relationship between BMD and
serum Zn level, a positive relationship was found between PNI
and Zn level in patients with osteoporosis. The fact that albumin
acts as the basic Zn-binding protein in plasma may be the reason
for the positive relationship between PNI and Zn in our study.
This may show us that in patients with osteoporosis with a low
PNI value, Zn supplementation may be appropriate in addition to
their current treatment and maybe a new potential additional
treatment in the prevention and treatment of osteoporosis.
Although there are many studies evaluating the relationship
between Se and BMD in the current literature, the results are
insufficient (34). While Se level was positively associated with
BMD in healthy aging euthyroid postmenopausal women (35),
another study conducted on postmenopausal 50-79-year-old
participants suggested that dietary Se intake was not associated
with BMD (36). In our study, although there was no difference
between serum Se levels in the groups, the lowest Se level was
found to be in the osteoporosis group. In addition, no correlation
was found between serum Se levels and BMD and PNI. Similar
to our study, other studies evaluating the relationship between
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Se and BMD in the literature evaluated serum Se levels rather
than the amount of Se intake in the diet. This may be a limitation
in the context of examining the relationship with Se. Therefore,
we think that further studies are needed on the subject.
A large part of the Mn in the body is in the bone, and the Mn
density of the bone is an indicator of the serum Mn level and
diet Mn, just like Cu and Zn (37). In a study, it was reported that
the Mn level in serum was lower in postmenopausal women
with osteoporosis compared to non-osteoporotic controls (38).
In a study conducted by Strause et al. (39), it was reported that
replacement of Mn together with Zn and Cu might help to
reduce lumbar region BMD loss in postmenopausal women. In
our study, serum Mn levels in the groups were within the normal
range. The narrow range of serum Mn level and rareness of
deficiency is confirmed by our findings. In our study, the lowest
Mn level was found in postmenopausal osteoporosis patients,
and there was a weak positive relationship between lumbar
total BMD and serum Mn level. While this supports the study
of Strause et al. (39), it suggests that Mn compounds may be a
new supplement candidate in the prevention and treatment of
osteoporosis. However, the lack of relationship between PNI and
serum Mn level in our study may be due to the limited number
of patients or especially the role beta globulin in addition to
albumin in the transport of Mn to bone.

Study Limitations
Limitations of our study can be listed as the limited number
of patients, lack of information about how much of the trace
elements are taken with the diet, the evaluation of only serum
levels of trace elements and the effects of many factors on
serum levels of trace elements such as hormone replacement
therapy, diuretic and laxative use.

Conclusion
Especially low serum albümin levels and low PNI value in
postmenopausal osteoporosis patients may adversely affect
total BMD in the lumbar region. Additionally, supplementing
Zn in osteoporosis patients with low PNI can be a potential
additional treatment strategy. However, supplementation of
the Cu and Mn compounds may provide an additional benefit
to existing treatments. However, we think that our findings
should be supported with more comprehensive future studies
investigating the nutritional aspect of osteoporosis and since the
question of which supplements should be used is very complex,
and the mechanisms are not yet fully understood.
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