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Abstract 

Background: Iron and vitamin D deficiencies are two of the most widespread nutritional disorders in the 

world. Our aim was to know if the consumption of an iron fortified fruit juice modifies bone remodelling 

and the possible influence of baseline vitamin D status on the recovery of iron status in a group of iron 

deficient women. 

Methods: Iron biomarkers, 25-hydroxyvitamin D levels, and dietary intake were measured in 123 iron 

deficient menstruating women. A subgroup (n=41) participated in a randomised double-blind placebo-

controlled study of 16-weeks during winter. They consumed a placebo fruit juice (P) or iron-fortified fruit 

juice (F). Dietary intake, 25-hydroxyvitamin D, parathormone (PTH), bone alkaline phosphatase (ALP), 

aminoterminal telopeptide of collagen I (NTX), and iron biomarkers were determined. 

Results: 92% of the iron-deficient women were vitamin D deficient or insufficient. Transferrin saturation 

and 25-hydroxyvitamin D were positively correlated. Iron status improved in F, 25-hydroxyvitamin D 

decreased in F and P, and PTH, ALP and NTX levels were within the normal range and did not vary. 

Women with 25-hydroxyvitamin D≥50nmol/L compared to 25-hydroxyvitamin D<50nmol/L showed a 

higher increase in transferrin saturation (a marker of iron supply to tissues) during iron recovery. 

Conclusion: The prevalence of vitamin D deficiency or insufficiency is very high in iron deficient 

women. The recovery of iron status by consuming an iron fortified food does not affect 25-

hydroxyvitamin D levels, however the increase in iron supply to tissues is lower if the women also 

present vitamin D deficiency. Although bone health does not seem to be affected in this group of women, 

correction of iron and vitamin D deficiencies should be promoted in young women to improve present 

and future health.  
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Introduction 

Iron deficiency anaemia and vitamin D deficiency are extremely common and widespread nutritional 

disorders in the world [1,2]. Some studies have been suggested a relationship between iron deficiency and 

low 25-hydroxyvitamin D levels [3-5]. Nevertheless, there are no reports regarding the effect that the 

combined presence of these two deficiencies could have on bone metabolism. 

The relationship between these two deficiencies is not clear, but seems to be reciprocal. On one hand, 

clinical observations suggest a role of 1,25-dihydroxyvitamin D [6] in erythropoiesis, as this hormone 

directly stimulates erythroid precursors [7]. On the other hand, iron participates in the second activation 

step of vitamin D, necessary to make this hormone functional. This conversion is done by a renal 25-

hydroxyvitamin D 1α-hydroxylase (1α-OHase) enzyme which comprises a cytochrome P-450, a 

ferredoxin, and a ferredoxin reductase [8]. Therefore, less available iron could compromise production of 

the active form of vitamin D. 

With respect to the effect that these deficiencies could have on bone metabolism, the role of vitamin D in 

mineralizing the skeleton by increasing serum calcium concentrations is well known [9]. Vitamin D 

deficiency is associated with rickets in children and osteomalacia in adults, and a higher risk of 

osteoporosis [1]. Iron is essential in collagen synthesis since it is a required cofactor for the prolyl and 

lysyl hidroxylases. These enzymes act on the nascent peptide chain prior to triple helix formation and the 

reaction products serve to stabilize the collagen triple helices under physiological conditions [10]. It is 

hypothesized that in an iron deficiency situation, there may be less iron available to the prolyl and lysyl 

hidroxylases which could result in decreased cross-linking activity and, subsequently, weaker collagen 

fibres. In fact, severe iron deficiency anaemia has been associated with deleterious effects on bone in rats. 

Previous studies showed that iron-deficient anaemic rats had lower bone mineral content (BMC), bone 

mineral density (BMD), and mechanical strength than iron-replete animals [11-13].  

In humans, few studies are available, and the results are less consistent. A trend for positive association 

between bone mineral density of the radius and serum ferritin was found in adolescent girls [14]. One 

study carried out in postmenopausal women showed that osteoporotic women with fractures presented a 

relative iron deficiency compared with controls [15]. Therefore, women that suffer from iron deficiency 

during decades may develop osteoporosis later in life. However, there is no information on bone 

metabolism in iron deficient menstruating women and the possible changes in bone turnover during iron 

status recovery.  
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Consumption of iron supplemented foods can be useful to prevent iron deficiency anaemia. In this sense, 

iron enriched fruit juices have recently been found to be very efficacious at improving iron status in 

young iron deficient women [16] which was attributed to the amount of iron in the juice, the presence of 

iron absorption enhancers, such as ascorbic acid, and absence of inhibitors. 

The present study was carried out in iron deficient menstruating women in order to know: 1) if there is a 

relationship between 25-hydroxyvitamin D levels and iron status biomarkers; 2) if consumption of an iron 

fortified fruit juice that improves iron status modifies bone remodelling; and 3) if the recovery of iron 

status by consuming this iron fortified food varies depending on baseline vitamin D status. 

This trial was registered at clinicaltrials.gov as NCT01135576. 

 

Subjects and methods 

Subjects 

A group of 123 women was recruited during winter season. The inclusion criteria were: women aged 18-

35 years, non-smoker, non-pregnant, non-breastfeeding, with low iron stores, defined as serum ferritin 

<40ng/mL and haemoglobin ≥11g/dL. Subjects were excluded from the study if they had amenorrhea, 

menopause or any known health problems likely to influence iron status including iron-metabolism-

related diseases (iron deficiency anaemia, thalassaemia, haemochromatosis), chronic gastric diseases 

(inflammatory bowel disease, Crohn disease, gastric ulcers, celiac disease, hemorrhagic diseases), renal 

disease or allergy to any of the components of the assay juices. Other exclusion criteria were: blood 

donors or to have regularly consumed iron supplements within the four months prior to participating in 

the intervention. 

The participants signed a written informed consent to a protocol approved by the Clinical Research Ethics 

Committee of Hospital Puerta de Hierro, Madrid and the Spanish National Research Council Committee, 

Madrid, Spain.   

Nutritional intervention 

A subgroup of the aforementioned volunteers selected at random (n=41) participated in a randomised 

double-blind placebo-controlled study of 16-weeks of duration, from November to March. Two groups: P 

group (n=18) or F group (n=23) consumed 500 mL/day of placebo fruit juice or iron-fortified fruit juice, 

respectively. The fortified juice supplied 18 mg of iron per 500 mL carton, in the form of 

microencapsulated iron pyrophosphate coated with lecithin,  equivalent to 100% of the recommended 
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dietary allowance (RDA) per day [17], and all juices were fortified with vitamin C. Details of the 

nutritional composition of the juices and conditions of the study were reported previously [16]. At 

baseline, 8 and 16 weeks blood samples and 24-h urine samples were collected and stored at -80°C for 

analytical determination. 

Each subject’s dietary intake was evaluated at baseline and every 8 weeks to control any possible changes 

in energy and nutrient intake. They completed a 72-h detailed dietary intake report, previously validated 

and proved valuable to assess nutrient intake [18,19], specifying the types of food consumed and serving 

weights. Daily food, energy intake, nutrient intake and energy provided by macronutrients were 

calculated with a computer application using the Spanish Food Composition Database [20]. 

Blood sampling and biochemical assays 

Blood samples were collected by venipuncture after a 12-h fasting period, between 08:00 h and 09:00 h. 

Serum and plasma were obtained after centrifugation at 1000g for 15 minutes and stored at -80ºC.  

Total red blood cells, haematocrit, mean corpuscular volume (MCV) and haemoglobin were determined 

following standard laboratory techniques using the Symex NE 9100 automated haematology analyser 

(Symex, Kobe, Japan). Serum iron, serum ferritin and serum transferrin were determined by the Modular 

Analytics Serum Work Area analyser (Roche, Basel, Switzerland). Transferrin saturation (%) was 

calculated as follows: serum iron (µmol/L)/ TIBC (µmol/L) x 100, where TIBC is total iron binding 

capacity, calculated as 25.1 x transferrin (g/L). 

Serum 25-hydroxyvitamin D (25-hydroxyvitamin D2 plus 25-hydroxyvitamin D3), was determined using 

an ELISA technique (25-hydroxyvitamin D EIA, IDS, UK). The ELISA was performed in an automated 

microplates analyser (Personal Lab, Adaltis, Italy). Intra- and inter-assay coefficients of variation of the 

method were 5.6% and 6.4%, respectively. Sensitivity of the method is 2 ng/ml. Deficient vitamin D 

status was defined as a circulating 25-hydroxyvitamin D concentration <50nmo/L (<20ng/mL), 

insufficient status was considered 51-74nmol/L (21-29ng/mL), and sufficient >75nmol/L (>30ng/mL) [1]. 

Also, biochemical markers of bone turnover and PTH were only determined during the nutritional 

intervention. As a marker of bone formation, serum isoenzyme of bone alkaline phosphatase (ALP) was 

quantified with an ELISA technique (Ostase®Bap, IDS, UK) using two monoclonal antibodies specific 

for bAP over liver AP. The ELISA was performed in an automated microplates analyser (Personal Lab, 

Adaltis, Italy). Sensitivity of the method is 7 µg/L. Intra- and inter-assay coefficients of variation are 

4.5% and 6.1%, respectively. Normal range: 3-15 μg/L. The biochemical marker of bone resorption, 
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aminoterminal telopeptide of collagen I (NTX) was determined in 24h-urine pool by an ELISA test 

(Osteomark®NTx Urine, Wampole Laboratories, USA). The ELISA was performed in an automated 

microplates analyser (Personal Lab, Adaltis, Italy). Sensitivity of the method is 1 nM of bone collagen 

equivalents (BCE). Intra- and inter-assay coefficients of variation are 5% and 5.5% respectively. Normal 

range: 15-80 nM BCE/mM creatinine. PTH was determined by chimioluminiscence assay of second 

generation PTH (Elecsys, Roche Diagnostics, USA). Intra- and inter- assay coefficients are 6.5% and 

2.7% respectively and normal range is 15-65 pg/mL. Normal ranges of ALP, NTX and PTH for healthy 

women (30-45 years old) were estimated at the Fundación Jiménez Díaz Institute for Medical Research 

(IIS-FJD), Madrid, Spain.  

Statistical analysis 

Data are presented as means with their standard deviations. A normal distribution of variables was 

determined by the Kolmogorov-Smirnov test. Serum ferritin values were log transformed for statistical 

testing. Pearson’s linear correlation tests between serum 25-hydroxyvitamin D levels and iron biomarkers 

at baseline were performed. 

In the nutritional intervention data, repeated-measures ANOVA and post hoc Bonferroni test were used to 

study time effect within groups. Comparisons were also made between the F group and the P group using 

ANOVA. To know whether the recovery of iron status after consuming this iron fortified food varies 

depended on baseline vitamin D status, a two-way repeated-measures ANOVA with 25-hydroxyvitamin 

D levels (<50 nmol/L and ≥50 nmol/L) as the between-subjects factor were applied for each parameter in 

P and F group. Comparisons between volunteers with 25-hydroxyvitamin D levels <50 nmol/L and 

volunteers with 25-hydroxyvitamin D levels ≥50 nmol/L at each point were measured using ANOVA. 

P<0.05 was considered significant. The SPSS statistical package for Windows (version 19.0) was used to 

analyze the data. 

 

Results 

Table 1 shows the baseline characteristics of the subjects. No significant differences between the total 

group and the subgroup that participated in the nutritional intervention were found. In this group of iron 

deficient women (n=123), 42.3% presented vitamin D deficiency, 49.6% vitamin D insufficiency and 

8.1% vitamin D sufficient. There was a significant positive correlation between serum 25-hydroxyvitamin 
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D and transferrin saturation (p=0.007), but the correlations between serum 25-hydroxyvitamin D and 

haemoglobin, serum ferritin and serum transferrin were not significant.  

Dietary characteristics of the total group are presented in Table 2. No significant associations between 

nutrient intake and 25-hydroxyvitamin D levels and iron parameters were found. 

Table 3 shows energy and nutrient intakes at baseline and week 16 of iron deficient women consuming 

placebo or iron-fortified fruit juices. Although energy intake did not show significant differences between 

baseline and week 16 in either groups, a decrease in the energy percentage from proteins (p=0.02 in P 

group) and a trend toward increase in that from carbohydrates were observed during the study. At 

baseline, there was no difference in iron intake between both groups, but for the duration of the 

intervention, due to the consumption of the iron-fortified juice, iron intake was approximately double in F 

group compared to P group. Vitamin C intake increased in both groups from baseline, due to juice 

composition, without significant differences between P and F groups. There were no changes in the other 

nutrient intakes determined. 

Table 4 shows the results of iron and bone biomarkers of iron deficient women consuming placebo and 

iron-fortified fruit juices during 16 weeks. In F group, significant increases in haemoglobin, serum ferritin 

and transferrin saturation levels and decreases in serum transferrin levels, show recovery from iron 

deficiency (p=0.03, p<0.001, p=0.008, p<0.001 respectively), and compared to P group haemoglobin and 

serum ferritin levels were significantly higher at week 16 (p<0.001 and p=0.05). Serum 25-

hydroxyvitamin D significantly decreased from baseline to the end of the study in P and F (p<0.001), 

without differences between groups. No changes were observed in PTH, ALP and NTX in P or F group. 

Transferrin saturation did not change during the experimental period in the P group. Figure 1 shows 

transferrin saturation increase in volunteers of F group depending on baseline 25-hydroxyvitamin D levels 

(time influence, p=0.008, time x 25-hydroxyvitamin D level, NS). Transferrin saturation was significantly 

higher in the F subgroup with 25-hydroxyvitamin D levels ≥ 50 nmol/L compared to 25-hydroxyvitamin 

D levels < 50 nmol/L at 8 and 16 weeks (p=0.05 and p=0.04 respectively). 

 

Discussion 

Present results show for the first time a relationship between iron deficiency anaemia and vitamin D 

deficiency in menstruating Spanish women. A positive association between 25-hydroxyvitamin D and 

transferrin saturation was observed in these women. The best marker of vitamin D status is 25-
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hydroxyvitamin D while transferrin saturation is the marker of the supply of iron to tissues. Recovery of 

transferrin saturation, due to the consumption of an iron fortified fruit juice, was found to be lower if the 

iron deficient women had also vitamin D deficiency. 

It is remarkable that the majority (92%) of the women that participated in the study were vitamin D 

deficient or insufficient, and this percentage is higher than data of hypovitaminosis D described for 

Spanish adolescent women (63%) [21] and Spanish young adults (61%) [22]. Therefore, this suggests that 

there is an association between the deficiencies of both micronutrients in our population.  

There are many different factors that could independently influence the development of these two 

deficiencies in this population group, such as nutritional, genetic, physiological and environmental 

factors. Concerning dietary intake at baseline (Table 2), iron and vitamin D intakes were below the 

Recommended Dietary Allowance (RDA) for this population group (18 mg/day and 5 µg/day 

respectively) [23,24]. Regarding iron intake, the RDA is not easily reached by menstruating women, as 

previously reported by our research group [25,26]. Although the influence of dietary components on iron 

absorption is well known [27], in the present study no association between nutrient intake and iron 

biomarkers was found. However, the increase in iron intake due to the consumption of the iron fortified 

fruit juice clearly improved iron status, showed by the increasing in haemoglobin, ferritin and transferrin 

saturation. The influence of this iron pyrophosphate-fortified fruit juice on other iron parameters was 

detailed in a recent article [16]. Few foods naturally contain vitamin D, so a deficient intake is generally 

observed in the general population [28]. In agreement with this, vitamin D intake in the present study only 

reached 60% of the RDA. The lack of association between dietary vitamin D and 25-hydroxyvitamin D 

levels in our volunteers could be explained since the production of vitamin D in the skin through sunlight 

exposure is the main contributor to vitamin D status [29]. With respect to other nutrients related to bone 

health, dietary intakes reached the RDA. We observed adequate intakes of calcium, magnesium, 

phosphorus, vitamin C and vitamin K, which are essential nutrients to maximise bone formation and 

minimise bone loss [30].    

Very scarce data are available on simultaneous vitamin D and iron deficiency in humans. Two 

observational studies in children and adolescent immigrants from Africa and Asia to northern regions 

detected high prevalence of both deficiencies, which were associated with several factors such as skin 

pigmentation, covering clothes in females or malnutrition [3,4]. But to the best of our knowledge, there 
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are no data from controlled humans studies in which the sample is selected as being iron deficient. 

Furthermore, no data are available on the possible influence of vitamin D status in iron recovery.  

It is noteworthy that these young women with iron deficiency exhibited very low 25-hydroxyvitamin D 

levels. However, the improvement of iron status after the supplementation with the iron fortified food did 

not increase 25-hydroxyvitamin D. Moreover, 25-hydroxyvitamin D levels after 16 weeks of treatment 

were lower than before supplementation (Table 4), most likely due to the reduction of UV light exposure 

produced in winter season at latitudes higher than 40º [31], since the study was performed from 

November to March in Madrid (Spain) and there were no differences in vitamin D intake. But, on the 

other hand, we found that, even though the volunteers who consumed the iron fortified fruit juice clearly 

improved their iron status, the recovery of transferrin saturation was lower if they had also vitamin D 

deficiency (Fig 1). Therefore, the obtained results support the hypothesis that there is an association 

between vitamin D and iron status, although the nature of this relationship and the underliying mechanism 

remains uncertain. Different studies attributed this connection to the role of iron in vitamin D activation 

[11,15], and to vitamin D modulating the risk of anaemia by decreasing inflammation [5] and stimulating 

erythropoiesis [7]. More recent studies found a metabolic association between iron status and 25-

hydroxyvitamin D levels through fibroblast growth factor 23 (FGF23) [32]. This hormone controls 1α-

OHase enzyme expression, and its levels increase with low serum 25-hydroxyvitamin D [33]. One study 

in subjects with rickets showed that low serum iron and low haemoglobin were associated with elevated 

FGF23 and low 1,25-dihydroxyvitamin D [34]. However, there is a lack of evidence regarding 

aetiological mechanism, especially in healthy adults such as our volunteers. 

Given the low levels of 25-hydroxyvitamin D found in these women, we expected the PTH levels would 

be higher than normal. When low 25-hydroxyvitamin D levels lead to reduced calcium levels, PTH is 

secreted causing an increase in bone resorption to correct hypocalcemia. This can have a negative 

influence on bone mass, preventing the maximum peak bone mass from being reached, which is very 

important in order to avoid the development of osteoporosis after menopause [35]. Nevertheless, levels of 

PTH and bone remodelling markers are considered to be in the normal range in these volunteers. Our 

research group observed that postmenopausal osteoporotic women with low 25-hydroxyvitamin D levels 

presented a higher decrease in bone mass than postmenopausal osteporotic women with normal levels of 

25-hydroxyvitamin D [36]. This fact has been described by other authors [37]. In a similar way, in a 

recent work, we found that levels of 25-hydroxyvitamin D lower than 18 ng/ml produced 
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hyperparathyroidism (PTH>65 pg/ml) in a high percentage of postmenopausal women [38]. However, in 

the present study, although approximately 50% of the women at baseline and 75% at the end of the study 

presented 25-hydroxyvitamin D <45 nmol/L (<18 ng/ml), their PTH levels were not higher than the upper 

limit of normality. In agreement, another study performed in young people living in a sunny place did not 

observe an increased in PTH levels associated with low 25-hydroxyvitamin D levels [39]. Some studies 

suggested that different factors could have an influence in the PTH and 25-hydroxyvitamin D 

relationship. For the same levels of 25-hydroxyvitamin D, higher age and BMI have been related with 

higher levels of PTH [40,41]. Therefore, this lack of correlation between low levels of 25-hydroxyvitamin 

D and high levels of PTH observed in our volunteers could be explained as they were young and normal-

weight women. 

With respect to bone turnover markers, studies that established their reference ranges for menstruating 

women excluded those under 30 years [42]. Given that the mean age of the women that participated in the 

study was 25 years, it was difficult to classify them in a range of normality.  Compared to other data of 

the bibliography, bone turnover markers, were higher than data observed in premenopausal women with 

higher or similar age [43,44]. It is known that bone turnover in women is elevated until skeletal maturity 

is reached, usually in the 3rd decade of life, thus the women participating in the present study were 

expected to have a high rate of bone remodelling, which explains the present results. 

We found no relationship between iron levels and bone biomarkers, in contrast to data obtained in animal 

models about deleterious effects on bone in anaemic rats [11-13]. The biochemical markers of bone 

formation and bone resorption remained stable independently of iron status. The obtained results could be 

explained by the fact that our volunteers presented iron deficiency without anaemia and were young, so 

bone formation may prevail over bone resorption. However, it could be hypothesised that continued iron 

deficiency may result in substantial bone loss and higher risk of osteoporosis. In this sense, one study in 

postmenopausal women found that osteoporotic patients that have suffered from fragility fracture 

presented lower iron status that other osteoporotic women with no fractures and control women [15]. 

Therefore, it would be very interesting to investigate whether iron deficiency, maintained during years, 

could predispose to osteoporosis.  

Another important issue is that the maintenance of an adequate iron and vitamin D status is essential for 

integral health. Iron deficiency may affect physical and cognitive performance, immunity and temperature 

regulation [27]. Vitamin D deficiency has been related to an increased risk of many chronic illnesses, 
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including common cancers, autoimmune diseases, infectious diseases, and cardiovascular disease [45]. 

These actions not only depend on renal 1α-OHase activity, but on extra-renal 1α-OHase mediated by 

vitamin D receptors distributed in many tissues [46]. Iron acts as a cofactor of all 1α-OHases and the 

activity of the extra-renal hydroxylases is regulated by the concentration of the substrate, 25-

hydroxyvitamin D [47]. Therefore, low iron and 25-hydroxyvitamin D levels could lead to different 

health disorders derived from the low activity of body extra-renal 1α-OHases. 

The prevalence of iron deficiency in young menstruating women is highly frequent. According to our 

results, this situation could be accompanied by low levels of 25-hydroxyvitamin D, which can obstruct 

the recovery of iron status. Although bone health does not seem to be affected in this group of women, 

correction of iron deficiency and low 25-hydroxyvitamin D levels is an issue of great importance in the 

context of public health. Therefore, clinical and/or nutritional interventions should be considered in order 

to maintain adequate levels of vitamin D and iron.                                                                                                                                                                                                                    

Further studies should be done in anaemic and non-anaemic subjects to clarify the possible interactions 

between iron and vitamin D metabolism, and the possible health effects that these two deficiencies could 

have, taking into account also the modulating effects of diet and genetic polymorphisms. Present results 

add new information regarding the influence of 25-hydroxyvitamin D levels on iron status recovery but 

other studies should be carried out to confirm if the improvement of 25-hydroxyvitamin D leads to better 

recovery of iron status in response to iron fortified food or supplements. It is also important to study the 

effect of iron deficiency on bone turnover after the skeletal maturity is reached; and to perform 

prospective studies in pre- and postmenopausal women, with and without osteoporosis. Finally, the 

possible effect that iron and vitamin D deficiencies can have on extra-renal 1α-OHase functionality and 

their repercussions on health should be studied.  

 

 

 

Acknowledgements 

The authors are grateful to I. Wright for technical support. This study was supported by Project 

AGL2009-11437 and Grupo Leche Pascual. R.Blanco-Rojo and L. Toxqui were supported by a JAE-

predoc grant from CSIC and European Social Found. 

 



12 

 

 

 

 

 

References 

1. Holick MF, Chen TC (2008) Vitamin D deficiency: a worldwide problem with health consequences. 

Am J Clin Nutr 87 (4):1080S-1086S. doi:87/4/1080S [pii] 

2. Bendich A (2010) Iron deficiency and overload. Humana Press,  

3. McGillivray G, Skull SA, Davie G, Kofoed SE, Frydenberg A, Rice J, Cooke R, Carapetis JR (2007) 

High prevalence of asymptomatic vitamin D and iron deficiency in East African immigrant children and 

adolescents living in a temperate climate. Arch Dis Child 92 (12):1088-1093. doi:adc.2006.112813 [pii] 

10.1136/adc.2006.112813 

4. Grindulis H, Scott PH, Belton NR, Wharton BA (1986) Combined deficiency of iron and vitamin D in 

Asian toddlers. Arch Dis Child 61 (9):843-848 

5. Sim JJ, Lac PT, Liu IL, Meguerditchian SO, Kumar VA, Kujubu DA, Rasgon SA (2010) Vitamin D 

deficiency and anemia: a cross-sectional study. Ann Hematol 89 (5):447-452. doi:10.1007/s00277-009-

0850-3 

6. Tanaka H, Teitelbaum SL (1990) Vitamin D regulates transferrin receptor expression by bone marrow 

macrophage precursors. J Cell Physiol 145 (2):303-309. doi:10.1002/jcp.1041450215 

7. Norman AW (2006) Minireview: vitamin D receptor: new assignments for an already busy receptor. 

Endocrinology 147 (12):5542-5548. doi:en.2006-0946 [pii] 

10.1210/en.2006-0946 

8. Jones G, Strugnell SA, DeLuca HF (1998) Current understanding of the molecular actions of vitamin 

D. Physiol Rev 78 (4):1193-1231 

9. DeLuca HF (2004) Overview of general physiologic features and functions of vitamin D. Am J Clin 

Nutr 80 (6 Suppl):1689S-1696S. doi:80/6/1689S [pii] 

10. Knott L, Bailey AJ (1998) Collagen cross-links in mineralizing tissues: a review of their chemistry, 

function, and clinical relevance. Bone 22 (3):181-187. doi:S8756328297002792 [pii] 

11. Katsumata S, Tsuboi R, Uehara M, Suzuki K (2006) Dietary iron deficiency decreases serum 

osteocalcin concentration and bone mineral density in rats. Biosci Biotechnol Biochem 70 (10):2547-

2550. doi:JST.JSTAGE/bbb/60221 [pii] 



13 

 

12. Parelman M, Stoecker B, Baker A, Medeiros D (2006) Iron restriction negatively affects bone in 

female rats and mineralization of hFOB osteoblast cells. Exp Biol Med (Maywood) 231 (4):378-386. 

doi:231/4/378 [pii] 

13. Diaz-Castro J, Lopez-Frias MR, Campos MS, Lopez-Frias M, Alferez MJ, Nestares T, Ojeda ML, 

Lopez-Aliaga I (2011) Severe nutritional iron-deficiency anaemia has a negative effect on some bone 

turnover biomarkers in rats. Eur J Nutr. doi:10.1007/s00394-011-0212-5 

14. Ilich-Ernst JZ, McKenna AA, Badenhop NE, Clairmont AC, Andon MB, Nahhas RW, Goel P, 

Matkovic V (1998) Iron status, menarche, and calcium supplementation in adolescent girls. Am J Clin 

Nutr 68 (4):880-887 

15. D'Amelio P, Cristofaro MA, Tamone C, Morra E, Di Bella S, Isaia G, Grimaldi A, Gennero L, 

Gariboldi A, Ponzetto A, Pescarmona GP, Isaia GC (2008) Role of iron metabolism and oxidative 

damage in postmenopausal bone loss. Bone 43 (6):1010-1015. doi:S8756-3282(08)00713-8 [pii] 

10.1016/j.bone.2008.08.107 

16. Blanco-Rojo R, Perez-Granados AM, Toxqui L, Gonzalez-Vizcayno C, Delgado MA, Vaquero MP 

(2011) Efficacy of a microencapsulated iron pyrophosphate-fortified fruit juice: a randomised, double-

blind, placebo-controlled study in Spanish iron-deficient women. Br J Nutr 105 (11):1652-1659. 

doi:S0007114510005490 [pii] 

10.1017/S0007114510005490 

17. Institute of Medicine (2001) Dietary Reference Intakes for Vitamin A, Vitamin K, Arsenic, Boron, 

Chromium, Copper, Iodine, Iron, Manganese, Molybdenum, Nickel, Silicon, Vanadium, and Zinc. Food 

and Nutrition Board. Washington DC. 

18. de Groot CP, van Staveren WA, Dirren H, Hautvast JG (1996) Summary and conclusions of the report 

on the second data collection period and longitudinal analyses of the SENECA Study. Eur J Clin Nutr 50 

Suppl 2:S123-124 

19. Navas-Carretero S, Perez-Granados AM, Schoppen S, Vaquero MP (2009) An oily fish diet increases 

insulin sensitivity compared to a red meat diet in young iron-deficient women. Br J Nutr 102 (4):546-553. 

doi:S0007114509220794 [pii] 

10.1017/S0007114509220794 

20. DIAL (2010) Alce Ingenieria, Spain.  

21. Rodriguez Sangrador M, Beltran de Miguel B, Cuadrado Vives C, Moreiras Tuny O (2010) [Influence 

of sun exposure and diet to the nutritional status of vitamin D in adolescent Spanish women: the five 

countries study (OPTIFORD Project)]. Nutr Hosp 25 (5):755-762. doi:S0212-16112010000500012 [pii] 



14 

 

22. Groba MV, Miravalle A, Gonzalez Rodriguez E, García Santana S, Gonzalez Padilla E, Saavedra P, 

Soria A, Sosa M (2010) Factors related to vitamin D deficiency in medical students in Gran Canaria. . 

Revista de Osteoporosis y Metabolismo Mineral 2:11-18 

23. Moreiras O, Carbajal A, Cabrera L, Cuadrado C (2011) Tablas de composición de alimentos. 15 

ampliada y revisada edn.,  

24. Cuervo M, Corbalan M, Baladia E, Cabrerizo L, Formiguera X, Iglesias C, Lorenzo H, Polanco I, 

Quiles J, Romero de Avila MD, Russolillo G, Villarino A, Alfredo Martinez J (2009) Comparison of 

dietary reference intakes (DRI) between different countries of the European Union, The United States and 

the World Health Organization. Nutr Hosp 24 (4):384-414. doi:S0212-16112009000400003 [pii] 

25. Navas-Carretero S, Perez-Granados AM, Schoppen S, Sarria B, Carbajal A, Vaquero MP (2009) Iron 

status biomarkers in iron deficient women consuming oily fish versus red meat diet. J Physiol Biochem 

65 (2):165-174 

26. Blanco-Rojo R, Baeza-Richer C, Lopez-Parra AM, Perez-Granados AM, Brichs A, Bertoncini S, Buil 

A, Arroyo-Pardo E, Soria JM, Vaquero MP (2011) Four variants in transferrin and HFE genes as potential 

markers of iron deficiency anaemia risk: an association study in menstruating women. Nutr Metab (Lond) 

8:69. doi:1743-7075-8-69 [pii] 

10.1186/1743-7075-8-69 

27. Toxqui L, De Piero A, Courtois V, Bastida S, Sanchez-Muniz FJ, Vaquero MP (2010) Iron deficiency 

and overload. Implications in oxidative stress and cardiovascular health. Nutr Hosp 25 (3):350-365. 

doi:S0212-16112010000300003 [pii] 

28. Roman Vinas B, Ribas Barba L, Ngo J, Gurinovic M, Novakovic R, Cavelaars A, de Groot LC, Van't 

Veer P, Matthys C, Serra Majem L (2011) Projected Prevalence of Inadequate Nutrient Intakes in Europe. 

Ann Nutr Metab 59 (2-4):84-95. doi:000332762 [pii] 

10.1159/000332762 

29. Lips P (2010) Worldwide status of vitamin D nutrition. J Steroid Biochem Mol Biol 121 (1-2):297-

300. doi:S0960-0760(10)00075-0 [pii] 

10.1016/j.jsbmb.2010.02.021 

30. Mesias M, Seiquer I, Navarro MP (2011) Calcium nutrition in adolescence. Crit Rev Food Sci Nutr 

51 (3):195-209. doi:934348839 [pii] 

10.1080/10408390903502872 

31. Holick MF (2007) Vitamin D deficiency. N Engl J Med 357 (3):266-281. doi:357/3/266 [pii] 



15 

 

10.1056/NEJMra070553 

32. Durham BH, Joseph F, Bailey LM, Fraser WD (2007) The association of circulating ferritin with 

serum concentrations of fibroblast growth factor-23 measured by three commercial assays. Ann Clin 

Biochem 44 (Pt 5):463-466. doi:10.1258/000456307781646102 

33. Prie D, Friedlander G (2010) Reciprocal control of 1,25-dihydroxyvitamin D and FGF23 formation 

involving the FGF23/Klotho system. Clin J Am Soc Nephrol 5 (9):1717-1722. doi:CJN.02680310 [pii] 

10.2215/CJN.02680310 

34. Imel EA, Peacock M, Gray AK, Padgett LR, Hui SL, Econs MJ (2011) Iron Modifies Plasma FGF23 

Differently in Autosomal Dominant Hypophosphatemic Rickets and Healthy Humans. J Clin Endocrinol 

Metab 96 (11):3541-3549. doi:jc.2011-1239 [pii] 

10.1210/jc.2011-1239 

35. Lips P (2001) Vitamin D deficiency and secondary hyperparathyroidism in the elderly: consequences 

for bone loss and fractures and therapeutic implications. Endocr Rev 22 (4):477-501 

36. Alcoba LM, cabeza B, Castaño-Milla C, Castaño de la Mota MJ, Matías MJ, Sanchez-Pernaute O, de 

la Piedra C (2006) Patrón clínico y bioquímico de los pacientes con elevación de la hormona paratiroidea 

(PTH) en una cohorte de 103 casos de osteoporosis. Revista española de enfermedades metabolicas oseas 

15:115 

37. Hollis BW (2005) Circulating 25-hydroxyvitamin D levels indicative of vitamin D sufficiency: 

implications for establishing a new effective dietary intake recommendation for vitamin D. J Nutr 135 

(2):317-322. doi:135/2/317 [pii] 

38. Ahijado P, Rubert M, Zazo P, Mahillo I, de la Piedra C (2010) Hiperparatiroidismo secundario 

asociado a un déficit de vitamina D. Revista de Osteoporosis y Metabolismo Mineral 2:16 

39. Gonzalez-Padilla E, Soria Lopez A, Gonzalez-Rodriguez E, Garcia-Santana S, Mirallave-Pescador A, 

Groba Marco Mdel V, Saavedra P, Quesada Gomez JM, Sosa Henriquez M (2011) [High prevalence of 

hypovitaminosis D in medical students in Gran Canaria, Canary Islands (Spain)]. Endocrinol Nutr 58 

(6):267-273. doi:S1575-0922(11)00113-6 [pii] 

10.1016/j.endonu.2011.03.002 

40. Maetani M, Maskarinec G, Franke AA, Cooney RV (2009) Association of leptin, 25-hydroxyvitamin 

D, and parathyroid hormone in women. Nutr Cancer 61 (2):225-231. doi:908927015 [pii] 

10.1080/01635580802455149 



16 

 

41. Gonzalez-Molero I, Morcillo S, Valdes S, Perez-Valero V, Botas P, Delgado E, Hernandez D, Olveira 

G, Rojo G, Gutierrez-Repiso C, Rubio-Martin E, Menendez E, Soriguer F (2011) Vitamin D deficiency in 

Spain: a population-based cohort study. Eur J Clin Nutr 65 (3):321-328. doi:ejcn2010265 [pii] 

10.1038/ejcn.2010.265 

42. Glover SJ, Garnero P, Naylor K, Rogers A, Eastell R (2008) Establishing a reference range for bone 

turnover markers in young, healthy women. Bone 42 (4):623-630. doi:S8756-3282(07)01108-8 [pii] 

10.1016/j.bone.2007.12.218 

43. Ardawi MS, Maimani AA, Bahksh TA, Rouzi AA, Qari MH, Raddadi RM (2010) Reference intervals 

of biochemical bone turnover markers for Saudi Arabian women: a cross-sectional study. Bone 47 

(4):804-814. doi:S8756-3282(10)01361-X [pii] 

10.1016/j.bone.2010.07.017 

44. Del Campo MT, Gonzalez-Casaus ML, Aguado P, Bernad M, Carrera F, Martinez ME (1999) Effects 

of age, menopause and osteoporosis on free, peptide-bound and total pyridinium crosslink excretion. 

Osteoporos Int 9 (5):449-454. doi:718 [pii] 

45. Rojas-Rivera J, De La Piedra C, Ramos A, Ortiz A, Egido J (2010) The expanding spectrum of 

biological actions of vitamin D. Nephrol Dial Transplant 25 (9):2850-2865. doi:gfq313 [pii] 

10.1093/ndt/gfq313 

46. Hewison M, Burke F, Evans KN, Lammas DA, Sansom DM, Liu P, Modlin RL, Adams JS (2007) 

Extra-renal 25-hydroxyvitamin D3-1alpha-hydroxylase in human health and disease. J Steroid Biochem 

Mol Biol 103 (3-5):316-321. doi:S0960-0760(06)00386-4 [pii] 

10.1016/j.jsbmb.2006.12.078 

47. Liu PT, Stenger S, Li H, Wenzel L, Tan BH, Krutzik SR, Ochoa MT, Schauber J, Wu K, Meinken C, 

Kamen DL, Wagner M, Bals R, Steinmeyer A, Zugel U, Gallo RL, Eisenberg D, Hewison M, Hollis BW, 

Adams JS, Bloom BR, Modlin RL (2006) Toll-like receptor triggering of a vitamin D-mediated human 

antimicrobial response. Science 311 (5768):1770-1773. doi:1123933 [pii] 

10.1126/science.1123933 

 

 

  



17 

 

Fig 1. Transferrin saturation at baseline, 8 and 16 weeks in volunteers that consumed the iron-fortified 

fruit juice depending on 25-hydroxyvitamin D levels: < 50 nmol/L (open circle) and > 50 nmol/L (filled 

circle). Values are means with 95% confident intervals expressed by vertical bars. Comparisons between 

volunteers with 25-hydroxyvitamin D levels < 50 nmol/L and volunteers with 25-hydroxyvitamin D 

levels > 50 nmol/L at each point were measured using one-sided tests (*p≤0.05). 

 



 

Table 1. Iron biomarkers and 25OH vitamin D of the total group and the subgroup of volunteers. 

 

Differences between groups were not significant. Data are mean±SD 

 

 

Total group (n=123) Subgroup (n=41) 

Age (years) 24.3±4.8 25.5±5.9 

Body mass index (kg/m2) 21.7±2.2 21.8±2.3 

Haemoglobin (g/dL)  13.2±0.9 13.2±0.8 

Serum ferritin (ng/mL)   26.4±17.5 22.6±12.2 

Serum transferrin (mg/dL)   314.5±60.5 318.6±53.8 

Transferrin saturation (%)  19.3±9.2 17.1±7.7 

25-hydroxyvitamin D (nmol/L)  54.2±18.0 50.2±14.0 

% Deficient vitamin D status (< 50nmol/L) 42.3 53.6 

% Insufficient vitamin D status (51-74 nmol/L) 49.6 41.5 

% Sufficient vitamin D status (> 50nmol/L) 8.1 4.9 

Table



Table 2. Energy and macronutrient intakes of iron deficient women  

Energy (kJ/d) 9091±2512 

Protein (% energy/d) 14.6±4.2 

Carbohydrate (% energy/d) 41.8±13.0 

Lipids (% energy/d) 40.2±13.4 

Iron (mg/d) 14.1±4.7 

Calcium (mg/d) 977.5±355.8 

Magnesium (mg/d) 283.8±87.9 

Phosphorus (mg/d) 1423±363 

Vitamin D (µg/d) 3.0±2.4 

Vitamin C (mg/d) 131.2±60.8 

Vitamin K (µg/d) 134.0±89.6 

Data are mean±SD (n=123) 

 

 

 

 

 



Table 3. Energy and nutrient intakes of iron deficient women consuming placebo and iron-fortified fruit 

juices during 16 weeks  

 

Group Baseline Week 16 p Time 

Energy (kJ/d) Placebo 9087±2282 10420±2846 NS 

 

Fortified 8477±1816 9571±2489 NS 

Protein (%energy/d) Placebo 14.9±2.6 13.3±1.8 p=0.02 

 

Fortified 14.1±2.4 13.5±2.3 NS 

Carbohydrate (%energy/d) Placebo 38.7±7.7 42.7±8.3 NS 

 

Fortified 42.5±5.8 43.9±6.6 NS 

Lipids (%energy/d) Placebo 42.5±7.7 39.3±7.0 NS 

 

Fortified 39.9±605 39.0±6.2 NS 

Iron (mg/d) Placebo 15.6±5.5 14.0±5.5 NS 

 

Fortified 13.1±3.5 32.1±9.1*** p<0.001 

Calcium (mg/d) Placebo 1044±380 1003±412 NS 

 

Fortified 905±262 834±310 NS 

Magnesium (mg/d) Placebo 266.8±109.6 275.1±92.1 NS 

 

Fortified 267.2±49.4 262.2±95.3 NS 

Phosphorus (mg/d) Placebo 1361.6±348.9 1472.0±509.6 NS 

 

Fortified 1271.2±273.9 1321.6±470.2 NS 

Vitamin D (µg/d) Placebo 2.7±2.2 3.7±2.7 NS 

 

Fortified 3.1±2.5 3.9±3.3 NS 

Vitamin C (mg/d) Placebo 136.3±62.0 200.6±60.4 p<0.001 

 

Fortified 122.5±49.1 206.2±81.7 p<0.001 

Vitamin K (µg/d) Placebo 159.6±148.4 151.0±84.0 NS 

 

Fortified 117.8±63.9 147.1±149.3 NS 

Values are presented as means with their standard deviations (n=41). Time-point differences were 

analysed by repeated-measures ANOVA. Comparisons between Placebo group and Fortified group at 

each point were measured using one-sided tests (*** p≤0.001). 

 



Table 4. Iron and bone biomarkers of iron deficient women consuming placebo and iron-fortified fruit 

juices during 16 weeks  

 

Group Baseline Week 8 Week 16 p time 

Haemoglobin (g/dL) Placebo 13.0±0.8a 13.4±0.8b 13.1±0.7a p=0.02 

 

Fortified 13.3±0.9a 13.7±0.9ab 13.7±0.7b** p=0.03 

Serum ferritin (ng/mL) Placebo 22.5±13.7 26.4±18.8 20.2±14.6 NS 

 

Fortified 22.2±11.6a 34.1±15.9b 33.5±16.9b* p<0.001 

Serum transferrin (mg/dL) Placebo 315.7±54.8 335.5±59.5 307.8±53.1 NS 

 

Fortified 318.7±55.8a 301.9±57.0b 282.3±45.15c p<0.001 

Transferrin saturation (%) Placebo 16.1±7.5 20.3±13.3 18.6±15.8 NS 

 

Fortified 16.2±7.1a 21.1±9.5ab 21.7±7.8b p=0.008 

25 hydroxyvitamin D (nmol/L) Placebo 53.3±14.6a 42.1±11.0b 38.6±10.4b p<0.001 

 

Fortified 48.2±13.4a 39.2±11.5b 36.5±13.1b p<0.001 

PTH (pg/mL) Placebo 37.6±11.0 - 35.2±14.5 NS 

 

Fortified 38.5±18.6 - 33.3±5.7 NS 

Alkaline phosphatase (µg/L) Placebo 10.3±3.1 10.6±2.2 10.7±2.8 NS 

 

Fortified 12.0±3.6 12.0±2.9 12.5±3.5 NS 

NTX (nmol BCE/mmol creatinin) Placebo 82.5±33.4 86.7±29.4 79.9±23.9 NS 

 

Fortified 72.8±31.3 82.5±29.6 78.7±30.1 NS 

Values are presented as means with their standard deviations (n=41).Within the same row, different 

letters indicate significant differences (ANOVA of repeated measures followed by Bonferroni test). 

Comparisons between Placebo group and Fortified group at each point were measured using one-sided 

tests (*p<0.05; **p≤0.01). 
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