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Öz
Amaç: Reprodüktif kadınlarda demir eksikliği anemisi (DEA) sık gözlenir. 25-hidroksivitamin D [25-(OH)D] eksikliği DEA olanlarda yaygındır. 
Ferritin düşüklüğüne bağlı oluşan 25-(OH)D eksikliğinin kemik mineral yoğunluğu (KMY) üzerindeki etkisi tartışmalıdır. Bu çalışma, reprodüktif  
kadınlarda serum ferritin düşüklüğünün  25-(OH)D seviyelerine etkisi ve KMY arasındaki ilişkiyi değerlendirmek için yapıldı. 
Gereç ve Yöntem: Çalışmaya ferritin seviyeleri <15 ng/mL olan 140 üreme dönemindeki kadın (15-25 yaş, 25-35 yaş, 35-45 yaş olmak üzere 
3 grup) ve 50 sağlıklı kadından oluşan bir kontrol grubu dahil edildi. Vitamin D düzeyi 25-(OH)D>30,0 ng/mL ise yeterli, 25-(OH)D≥20,0, <30,0 
ng/mL ise D vitamini yetersizliği, 25-(OH)D <20 ng/mL ise D vitamini eksikliği ve <10 ng/mL ise şiddetli D vitamini eksikliği olarak tanımlandı. 
Femur boynu ve lomber omurga KMY’si çift enerjili X-ışını absorpsiyometrisi ile ölçüldü. KMY tanısı için Z-skoru kullanıldı. Z-skoru <-2 ise 
“beklenenden daha düşük KMY’ye sahip” ve >-2 ise “yaş için beklenen kemik yoğunluğu” olarak değerlendirildi. 
Bulgular: Hastaların ve sağlıklı kontrollerin ortalama yaşı 34±10 ve 29±9 yıldı. Serum 25-(OH)D düzeyi hasta grubunda anlamlı farklılık 
oluşturacak kadar düşüktü (p<0,01). Düşük ferritin gruplarında, düşük yoğunluklu KMY vardı (p>0,05). 
Sonuç: Anemisi olan reprodüktif kadınlarda saptanan düşük D vitamini seviyeleri düşük KMY’ye neden olur.
Anahtar kelimeler: Anemi, kemik oluşumu, beslenme, metabolizma, vitamin

Objective: Iron deficiency anemia (IDA) is common in reproductive women. 25-hydroxyvitamin D [25-(OH)D] deficiency is common in those 
with IDA. The study evaluated the effect of low ferritin on 25-(OH)D levels and bone mineral density (BMD). 
Materials and Methods: One hundred forty women (15-25 years, 25-35 years, 35-45 years, 3 groups) with ferritin level <15 ng/mL and a 
control group of 50 healthy women were included in the study. A vitamin D level of 25-(OH)D>30.0 ng/mL was sufficient, vitamin D deficiency 
was defined as 25-(OH)D≥20.0, <30.0 ng/mL. Vitamin D deficiency as 25-(OH)D<20 ng/mL. Severe vitamin D deficiency 25-(OH)D<10 ng/
mL. Femoral neck and lumbar spine BMD were measured by dual-energy X-ray absorptiometry. For the diagnosis of BMD, a Z-score of <-2 
was evaluated with “lower bone mineral density than expected” and “expected bone density for >-2 years of age.” 
Results: The mean ages of the patients and healthy controls were 34±10 and 29±9 years. Serum 25-(OH)D level was found to be low in the 
patient group (p<0.01). Low-intensity BMD was present in the low ferritin groups (p>0.05). 
Conclusion: Low vitamin D levels detected in reproductive women with anemia cause low BMD. 
Keywords: Anemia, bone formation, nutrition, metabolism, vitamins
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Introduction

Iron deficiency anemia (IDA) is a major health problem worldwide 
and accounts for half of all anemia cases. IDA is more common 
in young women and children of reproductive age. It causes 
many health problems such as maternal and infant mortality and 
poor physical performance (1,2). One of these problems is bone 
development. For bone health, some vitamins and minerals 
in the body must be at sufficient levels, the most important 
of which are vitamin D and iron levels. Iron is an essential 
component for all living cells. It takes part in great important 
metabolic processes which are vital to the cell (eg oxygen 
transport, DNA synthesis) (3). The amount of iron storage in the 
body is best shown by hemosiderin in the insoluble form found 
in the bone marrow (4). The most accurate method for iron 
fixation is to stain the bone marrow sample with Prussian blue. 
This is an invasive and impractical method (5). For this reason, 
ferritin measurement is preferred to evaluate serum iron in daily 
use (6,7). Iron is an essential factor for enzymes associated with 
bone structure. Hydrolases in the collagen structure contain iron 
(8). Also, iron is used as a cofactor in transforming vitamin D 
into its active form (9). In rats with iron deficiency, it was shown 
that bone mineral content, bone mineral density (BMD) which is 
associated with bone strength, were reduced (10,11). Therefore, 
it was thought that the decrease in iron affects bone structure. 
Katsumata et al. (12) in his study, the rate of bone formation 
decreased in rats due to serum vitamin D [25-hydroxyvitamin 
D (25-(OH)D)]. Many researchers studied the relation between 
iron in the dietary content and bone structure. In human studies, 
it was determined to ferritin has a positive contribution to BMD 
in postmenopausal women (13,14). Red meat is a source of 
both iron and vitamin D. Ferritin was found to be quite low 
in vegetarians (15). Similarly, in an another study, plasma 25-
(OH)D was found to be high in those who consume meat and 
sea products a lot, while it was found to be low in vegetarians 
and vegans (16). In a systematic review, it is shown that bone 
density and fracture risk are investigated in those fed fish, 
seafood, other meat products. And it has been reported that 
protein obtained from fish or other meat species contributes 
significantly to bone structure (17). Disorders in the bone 
structure and development process cause serious irreversible 
loss of work power, impairment of quality of life, disabilities at 
older ages. IDA is a preventable and treatable health problem. In 
the bone development process, its negative effects on the bone 
and other organs can be prevented with adequate and effective 
treatment. In this study, it is aimed to elucidate the effect of low 
ferritin levels on vitamin D metabolism and bone formation.

Materials and Methods

Participants

In this study, 140 female patients (aged 15-45) in reproductive 
period diagnosed with IDA and 50 healthy female (aged 15-

45) subjects as a control group were assessed in the internal 
medicine department. IDA patients were selected from 
those who were diagnosed at least one year ago but did not 
receive regular treatment. Infectious, inflammatory diseases, 
malignancy patients, liver diseases, chronic kidney patients and 
blood transfusion, patients who took parenteral or oral iron 
supplements a month ago were not included in the study. Also, 
those with a chronic disease, drug use, previously diagnosed 
with osteopenia or osteoporosis, receiving a vitamin D 
supplement, whose 25-(OH)D levels were 30 ng/mL and higher 
were excluded. All participants were selected from women with 
regular menstruation. Patients in the study were divided into 3 
groups: group 1 (15-25 age years), group 2 (26-35 age years), 
group 3 (36-45 age years) to evaluate vitamin D and BMD more 
accurately. A written acceptance certificate was requested from 
the patients included in the study. The research protocol was 
authorized by the Institutional Ethics Committee. Research 
permission was obtained from Eskişehir Osmangazi University 
Non-Interventional Clinical Research Ethics Committee (decision 
no: 30, date: 18.02.2020).

Laboratory Evaluation

In whole blood, blood samples containing hematocrit (HCT), 
hemoglobin (Hb) concentration (Hb), ferritin, 25-(OH)D levels 
tested in the laboratory (fasting for at least six hours and in the 
morning between 08:00-09:00). Samples were collected in EDTA 
tubes for whole blood count and tested with the automatic 
hematology analyzer. Ferritin concentration was measured with 
the latex-enhanced immunoturbidimetric method. Serum vitamin 
D levels were measured using a Chromosystem assay [Abbott 
Architect i2000SR analyzer and Architect 25-OH Vitamin D kit 
(Abbott laboratories, USA, Spain)] using the high performance 
liquid chromatography method. Vitamin D levels were measured 
in the November-January period. Vitamin D level was defined 
as 25-(OH)D>30.0 ng/mL adequate, vitamin D insufficiency as 
25-(OH)D ≥20.0, <30.0 ng/mL, vitamin D deficiency as 25-(OH)
D<20 ng/ mL. and <10 ng/mL. Severe vitamin D deficiency (3) 
Hb, HCT, ferritin were studied for iron deficiency. The World 
Health Organization (WHO), has reported a Hb level of <12 ng/
dL in woman with anemia (18). IDA is also determined with a 
mean corpuscular volume of <80 and a serum ferritin level of 
<15-30 μg/L. A ferritin threshold value for the diagnosis of iron 
deficiency was accepted as 15 μg/L (19,20). Dual-energy X-ray 
absorptiometry (DXA) device was used to evaluate the BMD of 
the lumbar spine and femoral neck. The BMD of the patients 
was measured on anteroposterior and lateral lumbar vertebrae 
(L1-L4) and left femur neck. Measurements were made with 
DXA (FDX Visionary-DR, H105 138-SN:E18 7H 0487) in the 
radiology department. Filming was completed in 5-15 minutes 
and BMD results were expressed as g/cm2, as Z-score. Z-score 
is the standard deviation (SD) of BMD for the individual’s age 
group. BMD results were evaluated according to the Z-score 
according to the criteria recommended by the WHO. Those with 
a Z-score <-2 were evaluated as “having low BMD” and those 
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with a Z-score of> -2 as “having expected bone density for age” 

(21).

Statistical Analysis

Research data analyzed with SPSS version 22.0. Nominal 

variables were expressed as mean ± SD. The data consisting 

of independent measurements that did not show normal 

distribution were evaluated with the Mann-Whitney U test. 

Datasets in the categorical structure were evaluated with chi-

square tests. A value of p<0.05 was considered statistically 

significant.

Results

One hundred fourty women with low ferritin levels and 50 

healthy women as a control group participated in the study. 

Demographic and laboratory data of patients and control 

groups are presented in Table 1. In the laboratory evaluation 

of patients, calcium, phosphorus, parathyroid hormone, alanine 

aminotransferase, alkaline phosphatase, creatinine, follicle-

stimulating hormone values were within normal limits. Serious 

vitamin D deficiency was detected in all age groups of the low 

ferritin group and there was a significant statistical difference was 

found between the control group (p<0.01). Vitamin D deficiency 

was more common in group 2, group 3 and in the control group 

(p<0.01). Femoral neck Z-score measurement was normal in all 

groups included in the study. Therefore, lumbar vertebra Z-score 

measurements were used in the study. BMD value was normal 

in 50.7% of the low ferritin group, 49.2% had lower BMD than 

expected for age. BMD was lower than expected in 38% of the 

control group. BMD was lower in all age groups in the patient 

group and did not make a statistical difference between this 

control group (p>0.05). In group 2 (26-35 age), the frequency of 

low BMD was higher in the patient group and made a statistical 

difference (p<0.01). In the control group, only in group 2, there 

was a decrease in BMD (p<0.01). Vitamin D levels and BMD 

ratios for all age groups and the relationship between them are 

shown in Table 2 and 3.

Discussion 

We investigated serum ferritin and vitamin D levels and BMD 

measurements in women of reproductive age with low ferritin 

and normal ferritin. After adjusting for variables, some important 

findings were obtained. Low levels of 25-(OH)D were detected 

at low ferritin levels. The relationship between ferritin and 25-

(OH)D has been the subject of research in many studies. Jeong 

et al. (22) and Andıran et al. (23) found 25-(OH)D levels were 

associated with  ferritin levels in their study in the USA and Korea. 

Studies conducted in the USA and Portugal have reported that 

there is no relationship between serum ferritin and 25-(OH)D 

levels in adults (24,25). These different findings in studies may 

be depending on many factors such as studies in different races 

and ethnic societies, personal nutrition habits, geography, and 

work environment. Lee et al. (26) found serum ferritin value as 

<12 in healthy Korean women with vitamin D <15 ng/mL. Suh et 

al. (27) found in their study in the Korea that the level of vitamin 

D was lower in women with low serum ferritin (<15 μg/L) than 

those with a normal serum ferritin level (≥15 μg/L) (p<0.001). In 

this study, we found vitamin D deficiency in all groups. Serious 

Table 1. Demographic and laboratory data of patients

  Variable*

Patients
Mean ± SD

Control 
Mean ± SD         

p-value   G1 G2 G3 G1 G2 G3

(15-25)  
n=32       

(26-35)
n=50     

(36-45)
n=58                     

(15-25)    
 n=14            

(26-35)
n=24

(36-45)
n=12                                

Age (years) 33.56±9.7                      28.92±8.8           
=0.088

All years 24±9.8  34±9.9 43±8.8   20±8.5  30±8.1   37±8.1          

Hb (g/dL)                                    9.84±1.9 12.38±1.1                 <0.001

HCT (%)  31.66±4.6 36.20±3.9              <0.001

Ferritin (μg/L)                             3.92±3.1 34.72±15.9            <0.001

25-(OH)D (ng/mL) 

<10.0             7.42±6.4 10.35±3.3 <0.001

≥10.0, <20.0            11.14±1.2          15.32±4.1            <0.001   

≥20.0, <30.0                               22.12±2.4 23.52±2.5 >0.05

BMD lumbal Z-score

<-2                                          -2.42±2.1 -2.12±1.1  >0.05

>-2                                              1.72±1.4 2.01±1.2 >0.05

*Variable: Group 1-2-3 abbreviated as G1, G2, G3, SD: Standard deviation, Hb: Hemoglobin, HCT: Hematocrit, BMD: Bone mineral density, 25-(OH)D: 25-hydroxyvitamin 
D, Mann-Whitney U test and chi-square tests applied.
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vitamin D deficiency and low-density BMD values were found in 

the low ferritin group. Studies are showing that low iron levels 

can cause low BMD. Hematopoietic growth factors are secreted 

by with blood loss, and osteoclasts increase. Thus, progenitor 

cell proliferation begins in the bone marrow. Osteoclasts initiate 

bone destruction. One of the cells that increase due to blood 

loss is osteoblasts. Osteoblasts increase bone formation while 

osteoclasts increase destruction. Therefore, conditions that 

cause recurrent blood loss, such as female menstrual bleeding, 

can reduce BMD by increasing osteoblast and osteoclast 

production (26). In this study, low-intensity BMD measurement 

was more common in all age groups of the low ferritin group, 

but this did not make a significant difference with the control 

group (p>0.05). Low BMD frequency in group 2 (26-35 age), 

patient group, and normal BMD frequency in the control group 

were statistically different (p<0.01). Based on all these, the low 

level of BMD is associated with peak bone mass formation. 90% 

of the peak bone mass is reached until the age of 18. They are 

all reached around the age of 30. In most women, bone mass 

remains constant until menopause. BMD starts to decrease with 

loss of estrogen with menopause and aging (28). BMD normality 

was highest in the low ferritin group between the ages of 36-

45. This showed an improvement in BMD measurement due to 

an increase in peak bone mass as age increased, regardless of 

vitamin D deficiency. Despite the small group of people in this 

study, it can be said that low ferritin levels can cause low vitamin 

D levels and this negatively affects bone density. However, we 

believe that variables such as genetic factors, body mass index 

(BMI), and diet should be taken into account, these may be 

the shortcomings of our study. In both groups, the lack of D 

vitamin level can be attributed to reasons such as poor diet in 

the process from the beginning of the reproductive period to the 

end, lack of direct contact with the sun, and increased alcohol 

and cigarette use (29,30). 

The limitations of these studies are the inability to inquire 

about the factors affecting vitamin D and ferritin levels, such 

as nutritional diversity, smoking and alcohol use, weight and 

height measurement, BMI, working in a closed environment. 

The relationship between ferritin, vitamin D and bone mass 

will become clear with multicenter studies with more patient 

participation. We believe that our study will raise awareness 

about the decrease in bone mass in early ages and will lead to 

more extensive research on this subject.

Table 2. Classification by age groups BMD and D vitamin levels

Variable*

Patients Control p-value

G1
(15-25)             
(%)

G2
(26-35)
(%)

G3
(36-45)
(%)

G1
(15-25)                
(%)

G2
(26-35)
(%)

G3
(36-45)
(%)

G1 G2 G3

25-(OH)D (ng/mL)

<10.0**              81.0           84.0 75.0 57.0      54.0 50.0 <0.01 <0.01 <0.01 

≥10.0, <20.0** 19.0               16.0 23.0 43.0 46.0 48.0 <0.01 <0.01 <0.01

≥20.0, <30.0                                 0.0         02.0 0.0 0.0                   0.0 02.0 >0.05

BMD lumbal Z-score

<-2**                                             53.0 52.0 45.0 42.0 33.0 42.0 >0.05 <0.01 >0.05

>-2**                                         47.0 48.0 55.0 58.0 68.0 58.0 >0.05 <0.01 >0.05

*Variable: Group 1-2-3 abbreviated as G1, G2, G3, **The p-value shows the statistical significance between the same age group, Mann-Whitney U test and chi-square 
tests applied, BMD: Bone mineral density, 25-(OH)D: 25-hydroxyvitamin D

Table 3. Comparison between vitamin D levels and bone mineral densitometry

Variable

 BMD lumbal Z-score
p-valuePatients

Mean ± SD
Control
Mean ± SD 

<-2 >-2 <-2 >-2 <-2 >-2

25-(OH)D (ng/mL)

<10.0    -2.51±1.1 -1.45±2.3 -2.23±2.1 1.83±1.4 >0.05 <0.01  

p-value   <0.001 <0.001

≥10.0, <20.0    -2.33±1.1 2.12±2.4 -2.01±1.4 2.07±1.6                       >0.05 >0.05                

p-value <0.001 <0.001

≥20.0, <30.0                      -                2.59±1.3 - 2.24±1.3 >0.05

SD: Standard deviation, BMD: Bone mineral density, 25-(OH)D: 25-hydroxyvitamin D, Mann-Whitney U test and chi-square tests applied
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Conclusion

Low ferritin levels in women of reproductive age can lead to 
low BMD measurements and may be considered to affect 
bone adversely with different mechanisms. Recurrent iron loss 
increases bone loss in patients and may cause osteoporosis 
and fracture risk, but more comprehensive studies are needed. 
This situation should also be evaluated in terms of genetics. 
If reproductive patients with recurrent IDA experience muscle 
and joint pain, BMD measurement should be performed. 
Patients with low BMD should be followed to prevent known 
complications. Women aged 18-50 may be advised to take 
calcium and vitamin D daily. Other lifestyle suggestions, regular 
load-bearing exercises (such as walking), avoiding smoking 
alcohol consumption, and limiting caffeine consumption should 
be recommended.
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