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Abstract
Objective: To study the relationship between serum ferritin levels and biochemical markers  

of bone turnover in postmenopausal women.

Methods: This cross-sectional study was conducted at the Department of Obstetrics and  
Gynecology, Faculty of Medicine Vajira Hospital, Bangkok, Thailand. One hundred and  
twenty four postmenopausal Thai women were recruited from menopause clinic between 
December 2015 and March 2016. The inclusion criteria were age 40 years or more, body mass 
index (BMI) of 19-30 kg/m2, not use menopausal hormone therapy (MHT) within the last  
3 months, adequate cessation period of any bone antiresorptive agent, no underlying  
disease which possibly associated with chronic anemia, and no history of steroid hormone, 
anabolic agent, or anticoagulant use. The subjects were excluded if their blood specimens 
were unsuccessfully collected or incompletely analyzed. Two kinds of biochemical markers of 
bone turnover were selected to study. The first one was a bone-formation marker, called 
procollagen type I N- terminal propeptide (P1NP) and the second was a bone-resorption 
marker, namely C-terminal cross-linked telopeptide of type I collagen (CTx). Each marker was 
evaluated its relationship to serum ferritin.

Results: After recruitment, one subject was excluded because her blood specimen was loss during 
transfer, therefore 123 cases were left for analysis. Mean (SD) age, BMI, duration of menopause, 
and number of parity of the overall subjects were 56.8 (4.2) years, 24.3 (3.1) kg/m2,  
7.1 (5.3) years, and 1.3 (1.1), respectively. Mean (SD) serum ferritin, P1NP, and CTx levels  
were 147.75 (95.11), 63.90 (16.70), and 0.463 (0.154) ng/ml, respectively. Serum ferritin levels 
were negatively correlated with P1NP and with CTx levels (r = -0.149, p = 0.099 and r = -0.038, 
p = 0.677, respectively).

Conclusion: Serum ferritin levels had non-significant inverse relationship with P1NP and CTx levels  
in postmenopausal women. The long-term effects of low iron storage on biochemical  
markers of bone turnover are needed to be further evaluated.
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บทคัดย่อ

วัตถุประสงค์: เพื่อศึกษาความสัมพันธ์ระหว่างระดับเฟอร์ริตินในน�้าเหลืองของเลือดและดัชนีชีวเคมีของกระบวนการ

สร้างและสลายกระดูกในสตรีวัยหมดระดู

วิธีด�าเนินการวิจัย: ด�าเนินการศึกษาแบบภาคตัดขวาง ณ ภาควิชาสูติศาสตร์-นรีเวชวิทยา คณะแพทยศาสตร ์

วชิรพยาบาล มหาวิทยาลัยนวมินทราธิราช กรุงเทพมหานคร ประเทศไทย โดยคัดเลือกสตรีไทยวัยหมดระดู 

จ�านวน 124 คน ที่มารับการตรวจในคลินิกวัยทอง ตั้งแต่เดือนธันวาคม พ.ศ. 2558 ถึง เดือนมีนาคม พ.ศ. 2559 

โดยมีเกณฑ์คัดเข้า ได้แก่ อายุ 40 ปีขึ้นไป มีค่าดัชนีมวลกาย 19-30 กิโลกรัม/เมตร2 ไม่มีการใช้ฮอร์โมนเพื่อ

รกัษาภาวะหมดระดูใน 3 เดือนทีผ่่านมา หยดุยาต้านการสลายกระดกูมาในระยะเวลาท่ีเพยีงพอ ไม่มโีรคประจ�าตวั

ทีส่มัพันธ์กบัภาวะโลหติจางเรือ้รงั และไม่มปีระวตักิารใช้สารสเตยีรอยด์ สารอะนาบอลกิ หรอืยาละลายลิม่เลอืด 

อาสาสมัครจะถูกคัดออกในกรณีที่เก็บตัวอย่างเลือดไม่ได้หรือมีผลการวิเคราะห์ที่ไม่สมบูรณ์ ดัชนีชีวเคมี

ที่ท�าการศึกษามี 2 ชนิด ได้แก่ ดัชนีการสร้างกระดูกชนิด procollagen type I N- terminal propeptide 

(P1NP) และดัชนีการสลายกระดูกชนิด C-terminal cross-linked telopeptide of type I collagen (CTx) 

ค่าของดัชนีแต่ละชนิดจะน�าไปวิเคราะห์หาความสัมพันธ์กับระดับเฟอร์ริตินในน�้าเหลืองของเลือด

ผลการวิจัย: หลังการคัดเข้า มีอาสาสมัคร 1 รายถูกคัดออกเนื่องจากตัวอย่างเลือดท่ีเก็บมามีการสูญหายระหว่าง 

น�าส่งตรวจ จึงเหลืออาสาสมัครที่จะน�ามาวิเคราะห์จ�านวน 123 ราย ค่าเฉลี่ย (ส่วนเบ่ียงเบนมาตรฐาน) อายุ 

ดัชนีมวลกาย ระยะเวลาการหมดระดู และจ�านวนการคลอดของอาสาสมัครท้ังหมด เท่ากับ 56.8 (4.2) ปี  

24.3 (3.1) กิโลกรัม/เมตร2 7.1 (5.3) ปี และ 1.3 (1.1) ตามล�าดับ ค่าเฉลี่ย (ส่วนเบี่ยงเบนมาตรฐาน) ของระดับ

เฟอร์ริตินในน�้าเหลืองของเลือด P1NP และ CTx เท่ากับ 147.75 (95.11), 63.90 (16.70), และ 0.463 (0.154) 

นาโนกรัม/มิลลิลิตร ตามล�าดับ ระดับเฟอร์ริตินในน�้าเหลืองของเลือดมีความสัมพันธ์ในทิศทางตรงกันข้ามกับ

ระดับของ P1NP และ CTx (r = -0.149, p = 0.099 and r = -0.038, p = 0.677 ตามล�าดับ)

สรุป: ระดบัเฟอร์รติินในน�้าเหลอืงของเลอืดในสตรวียัหมดระด ูมคีวามสมัพนัธ์ในทศิทางตรงกนัข้ามกบัระดบัของ P1NP 

และ CTx อย่างไม่มีนัยส�าคัญ จ�าเป็นต้องท�าการศึกษาเพิ่มเติมต่อไปเกี่ยวกับผลระยะยาวของการมีธาตุเหล็ก

สะสมในปริมาณต�่า ที่มีต่อดัชนีชีวเคมีของกระบวนการสร้างและสลายกระดูก

ค�าส�าคัญ: ภาวะโลหิตจางจากการขาดธาตุเหล็ก, เฟอร์ริติน, โรคกระดูกพรุน, ดัชนีชีวเคมีของกระบวนการสร้าง 

และสลายกระดูก
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Introduction
 Osteoporosis is a common health problem 
among postmenopausal women1. It has long been 
believed that pathophysiology of the disease  
in women of this age-group is related to estrogen 
deficiency after menopause2. However, much previous 
epidemiological data showed that osteoporosis was 
not present in every postmenopausal women3. 
Such information suggested that mechanisms of  
this disease are possibly complex4. Even estrogen 
deficiency might be a main contributor it is not the 
sole risk factor of the development of postmenopausal 
osteoporosis. Several known risk factors which 
participate in the mechanisms are age, genetics, 
inadequate calcium and vitamin D intake, smoking 
and thinness5. At present, there is still no conclusion 
about which factor is the most important, therefore 
the diagnosis of osteoporosis is based primarily on 
screening tools developed by combining multiple 
risk factors5.
 Because prior researches reported that 
osteoporosis was 2 to 6 times more prevalent in 
female than male population1,6, thereafter later 
studies usually focused on risk factors of the disease 
that specific to female sex, for example, serum 
estrogen levels. However, the results did not show 
any statistically significant association between 
serum estrogen levels and bone turnover rates5.
 Other health factors that probably relate to 
osteoporosis in female population are iron deficiency 
anemia (IDA)7-10 and hemoglobin levels11-12. Previous 
study on hematologic status revealed that IDA was 
more common and average hemoglobin levels were 
less in women than men13. In other words, women 
usually have lower iron storage for hemoglobin 
synthesis because of repeated losses during 
menstruations and pregnancies14.
 Continuing iron losses during pubertal and 
reproductive ages may induce bone marrow to be 
more active in women than men. Bone marrow 
hyperactivity in women, on one hand, is a physiologic 
compensation resulting in a more red blood cell 

progenitor synthesis for the prevention of IDA4.  
On the other hand, this hyperactivity is supposed  
to be a pathophysiologic process which cause  
an excessive proliferation of other progenitor  
cells including osteoclasts4. Excessive osteoclast 
proliferation may induce a faster bone resorption 
and a more prevalent osteoporosis in women  
than men4.
 Owing to the evidence that depleted iron 
storage may affect bone turnover rate especially  
in women4, there were several studies those 
evaluating the associations between IDA and 
osteoporosis7-9,12. All of those studies used 
hemoglobin and/or hematocrit levels as markers  
of IDA and Bone Mineral Density (BMD) or the 
incidence of osteoporotic fracture as a marker of 
osteoporosis. There was only one study which 
analyzed relationship between markers of iron 
storage e.g. serum ferritin and biochemical markers 
of bone turnover10. That study showed a significant 
reverse relationship between serum ferritin and 
bone resorption marker. However, the study was 
conducted in premenopausal women. Because of 
the shortness of study which designed to investigate 
the relationship between markers of iron storage 
and biochemical markers of bone turnover in 
postmenopausal period, the present study was 
designed to evaluate the relationship between 
serum ferritin levels and biochemical markers of 
bone turnover in postmenopausal women.

Methods
 This cross-sectional study was conducted at 
the Department of Obstetrics and Gynecology, 
Faculty of Medicine Vajira Hospital, Bangkok, 
Tha i land.  One hundred and twenty four 
postmenopausal Thai women, aged 40 years or 
more, were recruited from the menopause clinic 
between December 2015 and March 2016. Subjects 
were included to study if they had body mass index 
(BMI) of 19-30 kg/m2, no prior use of menopausal 
hormone therapy (MHT) within the last 3 months, 
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and adequate cessation period after osteoporosis 
treatment with antiresorptive agents, i.e. at least  
2 years after intravenous regimen, 1 year after 
subcutaneous regimen, and 2 years, 1 year,  
6 months, and 2 months after oral regimens for  
48 weeks or longer, 8-48 weeks, 2-8 weeks, and less 
than 2 weeks, respectively. All studied subjects had 
no history of gastrointestinal bleeding, malabsorption, 
gastric ulcers, gastrointestinal tract surgeries, 
inflammatory bowel diseases, coronary artery 
diseases or congestive heart failure, chronic renal 
failure, thyroid diseases, parathyroid diseases, 
malignancies, hematologic diseases, or vitamin D 
deficiency, and no history of steroid hormone, 
anabolic agent, or anticoagulant use. Informed 
consent process were performed by investigator or 
the nurse at menopause clinic who was assigned as 
a research assistant in this study. Subjects were 
excluded if they withdrew from the study, refused 
to undergo venous puncture or their blood samples 
were unsuccessfully or inadequately collected. 
Subjects were also excluded if their blood specimens 
were not completely analyzed due to any error on 
the handling or transferring process. Additional BMD 
tests were performed in subjects who had the 
levels of biochemical markers of bone turnover 
higher than the cut-off points (48.35 ng/ml for P1NP 
or 0.328 ng/ml for CTx). Then standard treatments 
of osteoporosis were given if they had T-score of 
BMD less than -2.5. Subjects who had ferritin levels 
below the cut-off point of iron deficiency (100.00 
ng/ml) were referred to hematologist for further 
investigations and treatments.
 The sample size was estimated by using 
Pearson’s correlation coefficient between ferritin 
level and biochemical marker of bone turnover, 
named as procollagen N-terminal propeptide from 
the previous study which revealed the value of 
0.7315. Initially, with a level of bilateral significance 
of 95% (α error=0.05) and a power of 80%  
(β error=0.2), the sample size was 13 subjects.  
Then the number was increased to be 113 because 

the relationships between 10 other studied factors 
and biochemical markers of bone turnover were 
also planned to be analyzed. Finally, the recruitment 
was increased up to 124 for preventing a probable 
10% loss of the data.
 The study was approved by the Institutional 
Review Board of the Faculty of Medicine Vajira 
Hospital, Navamindradhiraj University, Bangkok, 
Thailand, and all subjects provided their written 
informed consent before recruitment.
 Two kinds of biochemical markers of bone 
turnover were selected to study. The first one was  
a bone-formation marker, called procollagen type I 
N- terminal propeptide (P1NP) and the second  
was a bone-resorption marker, namely C-terminal 
cross-linked telopeptide of type I collagen (CTx). 
Each marker was evaluated its relationship to  
serum ferritin. After recruitment, subjects were 
undergone history taking and physical examinations 
to collect and record for baseline data and 
controlled factors including age, body built (weight, 
height and BMI), duration of menopause, parity, 
history of MHT use, underlying diseases, history of 
osteoporosis/ fractures, history of cigarette smoking/ 
alcohol consumption, levels of education and 
physical activity levels (PAL). Then, each subject’s 
blood sample was drawn from cubital vein in a volume 
of 6-10 milliliters on the next official day between 
8:00 and 9:00 a.m. after an overnight fast for at least 
8 hours. Blood samples were collected in EDTA 
blood tubes and then sent to be analyzed for the 
serum levels of ferritin, P1NP and CTx.

Laboratory assays
 Blood samples were centrifuged at 3,000 rpm 
for 10 min and the separated serum samples were 
stored at -20°C until assay. Ferritin, P1NP and CTx 
levels were analyzed by a commercially available 
electrochemiluminescence immunoassay or ECLIA 
(Roche Elecsys 2010, Mannheim, Germany).  
The lower-upper detection limits of the assay are 
0.5-2,000, 5-1,200 and 0.01-6 ng/ml for ferritin, 
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P1NP, and CTx, respectively. And the coefficients  
of variation are ranged from 1.5-2.5, 1.2-2.1,  
and 2.2-3.5% for ferritin, P1NP, and CTx, respectively. 
Normal ranges of ferritin, P1NP, and CTx levels are 
13.00-150.00, 40.78-48.35, and 0.293-0.328, 
respectively. Laboratory assays in this study were 
performed in-house, and calibrated in every new lot 
of reagents. Internal and external quality controls 
were tested in daily and monthly basis, respectively.

Statistical analysis
 Data presentation and statistical analysis 
were performed as following. Descriptive statistics 
(mean (standard deviation, SD) or median (range) 
and percentage were used to express demographic, 
baseline, and measurement outcome data. 
Relationships between each biochemical marker of 
bone turnover (P1NP and CTx) and ferritin were 
tested by an analysis of Pearson’s correlation.  
All other controlled factors which affecting bone 
turnover were analyzed by chi-square or Fisher-
exact test. A p level of < 0.05 was considered 
statistically significant.

Results
 One hundred and twenty four subjects who 
met the inclusion criteria were recruited to the 
study. One subject was excluded because her 
blood specimen was loss during transfer, therefore 
123 cases were left for analysis. The mean (SD) age, 
BMI, duration of menopause, and number of parity 
of the overall subjects were 56.8 (4.2) years, 24.3 
(3.1) kg/m2, 7.1 (5.3) years, and 1.3 (1.1), respectively. 
The overall mean (SD) ferritin, P1NP, and CTx levels 
were 147.75 (95.11), 63.90 (16.70), and 0.463 (0.154) 
ng/ml, respectively. Serum ferritin levels were 
negatively correlated with P1NP and with CTx levels 
but the degree of correlations were not statistically 
significant (r = -0.149, p = 0.099 and r = -0.038,  
p = 0.677, respectively). Both correlations are  
shown in figure 1 and 2.

Figure 1: Pearson’s correlation between ferritin and procollagen type I N- terminal propeptide (P1NP) levels
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Figure 2: Pearson’s correlation between ferritin and C-terminal cross-linked telopeptide of type I 
collagen (CTx) levels

 When categorized subjects by the levels of 
biochemical markers of bone turnover, there was 
no statistically significant difference in subjects’ 
characteristics between groups of normal and high 
P1NP and CTx levels (Table 1).
 A proportion of subjects who had history of 
prior use of MHT is statically higher in normal CTx 
group than high CTx group (20.83% vs. 3.03%,  
p = 0.007). Subjects in high P1NP group had 
statistically significant higher PAL than normal  
P1NP group (63.21% vs 29.41% who had moderate 
to high activity, p = 0.024). All other studied factors 
categorized by levels of biochemical markers  
of bone turnover are shown in Table 2.

Discussion
 Relationship between IDA and osteoporosis 
has been hypothesized and frequently studied 
since the last 10 years7-10,12. However, results of 
those studies are still conflicting and most of the 
studies used hemoglobin and/or hematocrit levels 
as markers of IDA and BMD or the incidence of 
osteoporotic fracture as a marker of osteoporosis7-9,12. 
Serum ferritin is the best international standard  
and the least invasive single test for the evaluation 
of iron storage17. Additionally, biochemical markers 
of bone turnover were claimed in many previous 
reports that they were beneficial for clinical uses  
in terms of predicting the risk of occurrence  
and monitoring the therapeutic response of 
osteoporosis18-23. However, there was only one 
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Table 1:

Characteristic factors of subjects categorized by levels of biochemical markers of bone turnover. Data are 

given as mean (SD).

Factors
Markers levels

P1NP* (ng/ml) P CTx* (ng/ml) p

Normal 
(n=17)

High (n=106) Normal 
(n=24)

High
(n=99)

Age (years) 57.71 (4.65) 56.68 (4.10) 0.348a 55.79 (3.80) 57.07 (4.24) 0.179a

BMI (kg/m2) 23.77 (3.16) 24.35 (3.15) 0.482a 24.95 (2.98) 24.11 (3.17) 0.238a

Duration of 
menopause (years)

7.12 (5.61) 7.05 (5.29) 0.959a 7.46 (5.18) 6.96 (5.36) 0.681a

Ferritin levels (ng/ml) 103.40 (109.12) 149.32 (93.15) 0.650a 140.394 (90.39) 149.53 (96.57) 0.675a

BMI; body mass index, P1NP; procollagen type I N- terminal propeptide, CTx; C-terminal cross-linked telopeptide of type I collagen, 
* Cut-off points between normal and high levels for P1NP and CTx are 48.35 and 0.328 ng/ml, respectively. a; t-test

study which analyzed relationship between serum 
ferritin and biochemical markers of bone turnover10. 
Therefore, such a relationship is valuable to be 
additionally studied and, in my knowledge, this 
study might be one of the few which design to 
investigate this relationship.
 Both results of correlation analysis between 
ferritin and P1NP, and, ferritin and CTx in this study 
were in negative direction. These seem to answer 
the hypothesis that the lower iron storage might 
cause the higher bone marrow activity resulting  
in more proliferation of progenitor cells including 
osteoclasts which activate bone remodeling. 
Nevertheless, the degree of both correlations  
was low and did not reach statistical significance. 
Thus, whether IDA is the risk factor of osteoporosis 
could not be concluded. Design of this study  
that was cross-sectional may involve in the  
non-significant results. Because it is possible that 
the status of low iron storage might need to sustain 

for a longer period before inducing an increase in 
bone remodeling activity. Therefore, studies which 
are prospectively designed might be more 
appropriate to prove this assumption.
 When compared with the previous one  
study which also analyzed relationship between 
markers of iron storage and biochemical markers  
of bone turnover10, this study had both the different 
and the same results. The previous study showed 
that IDA subjects had statistically significant higher 
bone-resorption marker than non-IDA subjects, but 
this study did not. On contrary, both studies also 
showed that IDA did not have statistically significant 
effect on the levels of bone-formation marker. However, 
the previous study conducted in premenopausal 
women with continuing menstrual cycles. IDA in the 
studied group might have a more severity and/or 
longer duration than in this study, therefore effects 
on the change of bone-resorption marker were 
more obvious.
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Table 2:

Proportion of subjects categorized by studied factors and levels of biochemical markers of bone turnover. 

Data are given as number (percent).

Factors
Markers levels

P1NP* (ng/ml) p CTx* (ng/ml) p

Normal 
(n=17)

High
(n=106)

Normal 
(n=24)

High
(n=99)

Ferritin level** (ng/ml)
 Normal
 Low

11 (64.71)
6 (35.29)

75 (70.75)
31 (29.25)

0.255a 16 (66.67)
8 (33.33)

70 (70.71)
29 (29.29)

0.150a

MHT use
 Never
 Prior use

16 (94.12)
1 (5.88)

99 (93.40)
7 (6.60)

1.000b 19 (79.17)
5 (20.83)

96 (96.97)
3 (3.03)

0.007b

Underlying diseases***
 Absent
 Present

15 (88.24)
2 (11.76)

100 (94.34)
6 (5.66)

0.305b 21 (87.50)
3 (12.50)

94 (94.95)
5 (5.05)

0.187b

Previous osteoporosis/ 
fractures
 No
 Yes

16 (94.12)
1 (5.88)

103 (97.17)
3 (2.83)

0.453b 23 (95.83)
1 (4.17)

96 (96.97)
3 (3.03)

1.000b

Physical activity levels
 Sedentary
 Low
 Moderate
 High

4 (23.53)
8 (47.06)
5 (29.41)
0 (0.00)

6 (5.66)
33 (31.13)
59 (55.66)
8 (7.55)

0.024b 2 (8.33)
9 (37.50)
13 (54.17)
0 (0.00)

8 (8.08)
32 (32.32)
51 (51.52)
8 (8.08)

0.655b

MHT; menopausal hormone therapy, P1NP; procollagen type I N- terminal propeptide, CTx; C-terminal cross-linked telopeptide  
of type I collagen, * Cut-off points between normal and high levels for P1NP and CTx are 48.35 and 0.328 ng/ml, respectively.  
** Cut-off point between normal and low levels ferritin is 100.00 ng/ml16. ***diabetes mellitus/ hypertension/ dyslipidemia,  
a; chi-square test, b; Fisher exact test

 Two of all other studied factors which were 
statistically significant associated with the changes 
in biochemical markers of bone turnover were 
history of prior use of MHT and PAL. The prior use of 
MHT was present in a higher proportion in normal 
CTx subjects. Long-term positive effect of MHT on 
bone health i.e. decreased bone resorption was 
confirmed in the study which start the therapy in 
early postmenopausal period18. Moderate to high 
PAL was found to be associated with high P1NP 

level in this study. Such an association may reflect 
that higher physical activity can stimulate more 
bone formation and could support the theory  
of life style risk factors of osteoporosis. However, 
the sample size of this study was not calculated 
based on the association of these two factors  
with biochemical markers of bone turnover, so  
the results should be interpreted with caution.  
In addition, these results are not new knowledge 
and also expected to be found.
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 This study was limited by non-prospective 
design, no randomization between the studied  
and controlled groups, and small number of 
subjects.
 In conclusion, serum ferritin levels had  
non-significant inverse relationship with P1NP and 
CTx levels in postmenopausal women. Laboratory 
investigations to determine iron storage are still  
not recommended to use as screening tests of 
osteoporosis in postmenopausal women. The  
long-term effects of low iron storage, categorized by 
different duration and/or severity, on biochemical 
markers of bone turnover are needed to be further 
evaluated.
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