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Effect of iron on serum 25-hydroxyvitamin D and 24,25-
dihydroxyvitamin D ,2

Dov Heldenberg, Gershon Tenenbaum, and Yosef Weisman

ABSTRACI’ In 13 of 17 infants (aged 10.5 ± 4.3; i ± SD

mo) with iron-deficiency anemia, the serum 24,25-dihydroxy-

vitamin D concentration was below the normal range and in 9

of these 13 the serum 25-hydroxyvitamin D concentration was

below the normal range despite the fact that these infants received

10 �g vitamin D/d from the age of 1 mo. The infants were

treated with intramuscular iron dextran (Imferon). The iron-

dextran treatment increased the hemoglobin and serum iron

concentrations as well as 25-hydroxyvitamin D and 24,25-di-

hydroxyvitamin D concentrations. It is known that iron defi-

ciency impairs fat and vitamin A intestinal absorption. Therefore,

it is suggested that absorption ofvitamin D may also be impaired.

This may contribute to the development ofvitamin D deficiency.

Iron supplementation may have improved the absorption of
vitamin D in the small intestine and hence increased the vita-

mm D concentration in the plasma. Am J Clin Nutr l992;56:

533-6.

KEY WORDS Infancy, iron-deficiency anemia, vitamin D
deficiency, iron dextran

Introduction

Severe iron-deficiency anemia may cause malabsorption syn-

drome. Our assumption was that mild iron-deficiency anemia

may impair fat absorption including vitamin D, which is fat

soluble, and hence decrease vitamin D concentrations in the

plasma. If this assumption is correct, treatment with iron will

correct the anemia and will also improve the absorption of vi-

tamin D and increase its concentration in the plasma.

Dietary iron-deficiency anemia is very common in Israel ( 1’.

Because of the abundant sunlight and regular vitamin D sup-
plementation in infants from 1 mo of age on, vitamin D defi-

ciency is expected to be a rare phenomenon. Previously we di-

agnosed a few cases of rickets in infants with iron-deficiency
anemia, despite regular vitamin D supplementation. Therefore,

we examined the prevalence of iron-deficiency anemia and vi-

tamin D deficiency in randomly selected patients with iron de-

ficiency.

Subjects and methods

The study was performed from May through September, 1990,
a period with a substantial amount ofsunlight in Israel. Twenty-

five infants aged 6-24 mo (10.5 1 ± 4.30; .� ± SD) with anemia

were referred to the outpatient clinic ofthe Hillel-Yaffe Hospital.

The hospital provides medical services to a population of 220000

Jewish and Arab residents. The ratio of Jews to Arabs is 3:2,
respectively. In the patients’ group the ratio of Jews to Arabs

was 1 :7, respectively. The patients were dark skinned and came

from a low socioeconomic class. The maximal duration of breast-

feeding was 3 mo, mainly because the mothers were obliged to

return to work.

When breast-feeding was discontinued, cow milk was intro-

duced. Later in the second year the mothers reported that “the

infants were eating the usual family diet”. Every infant in the

study group received prophylactically 10 �g vitamin D orally

daily as Vitamidyne drops (Fischer Corp, Tel Aviv, Israel), from

1 to 12 mo of age; each drop contained 5 �g cholecalciferol.

This is a regular treatment in Israel given to infants, despite the

abundance of sunshine. The infants in this study were exposed

to much sunshine because they were raised in a rural environ-

ment and spent much time outdoors with their parents. Every

infant underwent a physical examination in which weight and
height were recorded. A roentgenogram of the wrist was per-

formed on every infant. The criteria for iron-deficiency anemia
were as follows: hemoglobin (Hb) < 1 .69 mmol/L, mean cor-

puscular volume (MCV) < 75 fL, red cell distribution width

(RDW) > 1 5%, transferrin saturation < I 5%, and a normal he-

moglobin electrophoresis. Criteria for vitamin D deficiency were

as follows: 25-hydroxyvitamin D [25(OH)D] < 24.7 nmol/L,

and 24,25-dihydroxyvitamin D [24,25(OH)2D1 < 205 nmol/L

(2, 3). This study was approved by the human subjects committee
of our institution.

Blood was drawn for Hb, hematocrit (Hct), MCV, RDW,
serum iron, total-iron-binding capacity, albumin, alkaline phos-

phatase, calcium, phosphorus, blood urea nitrogen (BUN), crc-
atinine, 25(OH)D, and 24,25(OH)2D. The concentration of
25(OH)D and 24,25(OH)2D were measured in lipid extracts of

serum by competitive radioimmunoassay (4). Hemoglobinop-

athy was found in five infants; they were excluded from the

study. Twenty infants fulfilled the criteria of iron-deficiency

anemia and therefore were included in the study. Iron dextran
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TABLE 1
Hematological and vitamin D values in infants with iron-deficiency anemia pre- and posttreatment with iron5

Hemoglobin 25(OH)D

Group Pre Post Pre Post

mmo//L mmol/L

Low 25(OH)D and low 24,25(OH)2D

(n = 9) 1.23 ± 0.14k 1.70 ± 0.04 17.80 ± 4.24a 63.90 ± 32.80
Normal 25(OH)D and low 24,25(OH)2D

(n = 4) 1.41 ± O.03�’ 1.85 ± 0.07 44.95 ± 15�51L� 55.87 ± 16.15
Normal 25(OH)D and normal 24,25(OH)2D

(n = 4) 1.44 ± 0.04k’ 1.76 ± 0.04 45.62 ± 16.84” 71.13 ± 14.42
P 0.008 0.24 0.001 0.73

S � � SD. Means not sharing a common superscript leuer are significantly different based on Tukey’s test at the P values shown.

(Imferon; Fisions, Leicestershire, UK) was given intramuscularly addition, they received a supplement of 10 �g vitamin D orally
to all infants. The total intramuscular dose of iron dextran was daily, from the age of 1 mo.

calculated according to Dailmar (5). The parenteral medication
was used because of poor compliance of the mothers with oral

medication. At 8 wk posttreatment, 17 infants reattended and Results

further investigations were carried out, including repeated blood

tests. The pre- and posttreatment results were compared. Ret- The infants’ physical examinations were unremarkable. They
rospectively, the infants were divided for further analysis into were at the 25th-SOth percentiles for their age, height, and weight.

three groups by their concentration ofvitamin D metabolites at Roentgenographic findings revealed no rachitic changes. Parasitic
the outset of the study: 1) low 25(OH)D and low 24,25(OH)2D ova were not found. The mean (± SD) values for BUN and
(n = 9); 2) low 24,25(OH)2D and normal 25(OH)D (n = 4); creatinine were 3.2 ± 0.6 mmol and 3.78 ± 0.72 �imol/L, re-

and 3) normal concentrations of both vitamin D metabolites spectively (normal values for all infants with no exceptions).
(n = 4). At the first stage all the hematological and vitamin D measures

A repeated-measures (RM) analysis ofvariance (ANOVA) was were subjected to a descriptive statistics broken down by three
applied to the pre- and posttreatment data for all the dependent groups (Tables I and 2). At the second stage a one-way ANOVA
measures (6). was applied to the data, with vitamin D status as the independent

A control group consisted of 10 healthy Arab infants ofsimilar measure. The results (Tables 1 and 2) indicated that before iron

age, with an Hb > 169 mmol/L, who were hospitalized for elec- supplementation, the group with low 25(OH)D and low 24,25-

tive minor surgery. These infants received an iron-fortified for- (OH)2D had on the average lower Hb, 25(OH)D, 24,25(OH)2D,

mula immediately after discontinuation of breast-feeding. In MCV, and transferrin saturation values than the other two groups

TABLE 2

Values for calcium, phosphorus, and alkaline phosphatase in infants with iron-deficiency anemia pre- and posttreatment with iron5

Red cell
Alkaline Mean corpuscular distribution Percent

Calcium Phosphorus phosphatase 24,25(OH)�D volume width saturation

Group Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post

mmol/L mmo!/L U/L mmo!/L ft. %

Low 25(OH)D and 2.38 2.39 1.87 1.97 4377.8 4022.2 0.69 4.60 58.44 76.22 18.20 14.62 6.89 17.97

low 24,25(OH)2D ± 0.12 ± 0.10 ± 0.40 ± 0.20 ± 1325.5 ± 791.8 ± 0.82’ ± 159b � 5.36k ± 1.39 ± 0.83 ± 0.48 ± 2.82’ ± 2.29

(n = 9)

Normal 25(OH)D and 2.29 2.41 2.01 1.68 3650.0 3000.0 1.62 2.62 66.25 76.50 18.27 14.65 1 1.40 17.40

low24,25(OH)2D ±0.21 ±0.10 ±0.39 ±0.21 ± 1226.1 ±697.6 ±O.lSb ± l.02� �310b � 1.73 ±0.76 ±0.57 ± 152b ±0.41

(ii = 4)

Normal 25(OH)D and 2.29 2.43 1.84 1.77 3675.0 3500.0 3.26 5.37 63.50 76.75 17.57 14.22 10.72 16.55

normal24,25- ±0.16 ±0.12 ±0.20 ±0.17 ± 1187.1 ±778.9 ±0.56c �0�35b �252b � 1.26 ±0.43 ±0.22 ± 1.22” ±0.44

(OH)2D (n = 4)

P 0.94 0.77 0.76 0.07 0.53 0.1 1 0.0001 0.02 0.03 0.83 0.34 0.33 0.008 0.42

* I ± SD. Means not sharing a common superscript letter are significantly different based on Tukey’s test at the P values shown.
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of infants. After iron supplementation these differences disap-

peared.

Before applying a more advanced statistical procedure the

matrix data were transformed into logarithmic values to avoid
the requirement ofnormal distribution, because ofan insufficient

number of infants within each of the groups. An RM ANOVA

applied to Hb data showed a significant interaction effect (F12,141
= 5.2 1 ; P � 0.02) between the group and the time elapsed before

and after supplementation with iron to the infants. In addition,

the pretreatment and posttreatment effects were also significant

(F1�,141 = 168; P � 0.00001). All groups significantly increased
Hb from the outset to the end stage of the study. However, the

significant differences at the outset of the study disappeared at

the end, where the differences among the three groups were in-

significant.

A similar analysis (RM ANOVA) was applied to the 25(OH)D

data. As shown in Table I , significant differences were obtained

at the outset of the study. However, all groups increased signif-

icantly (F11141 = 16.91; P � 0.001) from pre- to posttreatment
periods. However, the largest average increase was obtained by

infants with low 25(OH)D and low 24,25(OH)2D concentrations.

At the end, no significant differences among the groups were

found. This trend was indicated by a significant tendency for

time X group effect (F12141 = 2.08; P � 0.10).
RM ANOVA was applied to the 24,25(OH)2D data. The trend

obtained for 25(OH)D was also obtained for 24,25(OH)2D. At

the outset of the study the group with normal 25(OH)D and

normal 24,25(OH)2D averaged higher values than the other two

groups. At the end, all groups significantly increased their
24,25(OH)2D values (F11,141 = 26.72; P � 0.000 1). The substantial

increase in the group with normal 25(OH)D and normal

24,25(OH)2D was indicated also by a significant time X group

interaction (F12,141 = 4, 54; P � 0.03). It should be added that

at the end of the study, although all mean values were within

the normal range, infants with normal 25(OH)D and low 24,25-

(OH)2D concentrations were still significantly (P < 0.05) lower

than the others in 24,25(OH)2D after iron supplementation (see

Table 1).
Finally, differences in MCV and transferrin saturation, which

were low at the outset of the study in the group with low 25-

(OH)D and low 24,25(OH)2D, disappeared after iron supple-
mentation. The results obtained in the control group were as

follows: Hb, 1.8 1 ± 0.05 mmol/L; transferrin saturation, 25.07

± 5.5.0%; 25(OH)D, 64.78 ± 19.86 nmol/L; and 24,25(OH)2D,
4.37 ± 1.52 nmol/L. The concentrations ofcalcium, phosphorus,

and alkaline phosphatase were similar in all groups with no sig-

nificant differences between pre- and posttreatment ofiron dcx-

tran (Table 2).

Discussion

In the present study in > 50% of infants with iron-deficiency

anemia, a decreased concentration of 25(OH)D and 24,25-

(OH)2D was reported, despite the fact that the infants received

daily supplementation with vitamin D. Treatment with iron

dextran increased concentrations of serum iron and vitamin D

metabolites. The increase in serum vitamin D metabolites oc-
curred even though no change was made in the diet or vitamin

D supplementation. This observation raises the question of

whether there is a causal relationship between iron deficiency

and serum vitamin D metabolite concentrations. Vitamin D

produced in the skin or absorbed from the gut is carried to the

liver. There vitamin D is hydroxylated to 25(OH)D, the major

vitamin D metabolite in the serum. 25(OH)D is subsequently

hydroxylated to either l,25-dihydroxyvitamin D [l,25(OH)2D]

or 24,25(OH)2D in the kidney. There is emerging evidence that

24,25(OH)2D is involved in the development ofembryonic car-

tilage and in endochondral bone formation (7). Rickets or os-

teomalacia due to vitamin D deficiency is usually detected when

the plasma concentration of25(OH)D is < 24.7 mmol/L (2, 3).

When vitamin D deficiency is in its earliest stage and calcium
homeostasis is put under strain, the kidney reacts by producing

less 24,25(OH)2D. Some investigators therefore believe that a

reduction in the ratio of serum 24,25(OH)2D to its precursor,

25(OH)D, could be an even more sensitive index ofvitamin D
deficiency than that of serum 25(OH)D concentration (8, 9).

We can also find a decreased concentration of24,25(OH)2D and

normal 25(OH)D in moderate renal insufficiency. Some of the

25(OH)D formed in the liver is secreted into the bile, mainly in

the form ofglucuronides and may be reabsorbed in the entero-

hepatic circulation (10). The significance and magnitude of this

enterohepatic circulation is controversial. Even ifit is small, the

continual loss of 25(OH)D as a result of impaired reabsorption

from the gut could lead to vitamin D deficiency. Gastrointestinal

abnormalities of function associated with iron deficiency include
impaired intestinal absorption of fat, vitamin A, and xylose (I 1).
Iron deficiency in some way inhibited the metabolism of vitamin

D to 25(OH)D. It may also be that iron deficiency impairs vi-

tamin D absorption and 25(OH)D reabsorption in the gut, and

this may contribute to the state of vitamin D deficiency found

in our patients.

Iron-deficiency anemia is very common in Israel ( 1 ). Winter

found that 45% of the infants developed an Hb < 1 .69 mmol/

L and 15% of the infants had an Hb < 1.54 mmol/L (I). In

contrast to the high prevalence ofiron deficiency, it was expected

that the exposure to sunlight in Israel, together with a daily sup-

plementation of 10 �g vitamin D, would prevent the infants

from developing vitamin D deficiency (12). However, surpris-

ingly, vitamin D deficiency was found in 13 of the 17 infants.

Grindulis et al (1 3) found a combined deficiency of iron and

vitamin D in Asian toddlers. Both deficiencies were because of

inadequate nutrition and were associated with evidence of un-

derprivileged environment, crowded living conditions, low social

class, and poor maternal education. They also noticed that chil-

dren with low vitamin D concentrations had lower Hb and serum

iron concentrations. Grindulis et al (1 3) failed to demonstrate

any relationship between iron and vitamin D concentrations.

In the present study a combined deficiency of iron and vitamin
D was found despite the fact that the patients received a daily

supplementation of vitamin D and were exposed to sunlight. It
is possible that the observations that were made are explained

by the fact that the infants in our study were 2 mo older and

were more likely to be outdoors and be exposed to sunlight. The
treatment oftheir anemia may also have made the children feel
better, and therefore, be more active outdoors, thereby increasing
the likelihood of making more vitamin D in their skin. However,

note that the infants in our study live in a very poor Arab village,

and most of their time from early infancy is spent outdoors.

Therefore, it is not likely that there would be a significant change

in their exposure to sunlight during the 2 mo. In contrast with

the findings ofGrindulis et al, a relationship between iron and

vitamin D concentration was found. Elevation of serum iron
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1 . Winter S. Letter to the editor. Prevalence of anemia among Israeli
infants. Harefuah 1988;l 14:525 (in Hebrew).

was associated with elevation in vitamin D concentration. The

increase in the concentration of vitamin D occurred even though

no change was made in the diet. We assume that the increase
in vitamin D concentration was affected by the iron, which sig-

nificantly increased the absorption of vitamin D from the in-
testine.

Other possible effects ofiron therapy on serum 25(OH)D con-
centrations may be alterations in vitamin D binding protein or
inhibition of the conversion of 25(OH)D to l,25(OH)2D.

Rickets in tropical or subtropical countries with an abundance
ofsunlight is surprising (14). One study has suggested that Asians

and dark-skinned infants may tend to have a poorer vitamin D
status than whites (15). Another study showed that melanin re-

duces the amount of vitamin D produced in response to ultra-
violet (UV) radiation exposure. Asians do not impair vitamin
D synthesis from dehydrocholesterol in the skin, but they require

longer exposure to UV radiation to have vitamin D production
similar to Caucasians (16). Ifthis explanation is accepted, some
doubts still arise as to the very high prevalence ofrickets in those
countries. It is suggested that iron-deficiency anemia, which is

common in those countries, contributes to the high prevalence
of rickets because the amount of vitamin D synthesized in the

skin is insufficient and does not satisfy the infants’ vitamin D
requirements. Furthermore, the absorption of vitamin D in the

small intestine is limited, as the result ofiron deficiency, resulting

in the development of rickets.

During the first several months of rickets’ development, nor-
mal concentrations of calcium, phosphorus, and alkaline phos-
phatase may occur whereas concentrations of vitamin D may
be lower than normal.

In summary, 17 patients with both iron and vitamin D defi-
ciencies were investigated. The results do not represent the status

of iron and vitamin D in the whole Arab population in Israel.
Vitamin D supplements alone given to infants with iron-defi-

ciency anemia may not necessarily prevent vitamin D deficiency.

The maximal absorption and efficiency of vitamin D may only
occur if the infants’ diet is fortified with iron. Therefore, it is
recommended to supply to infants a formula containing both
iron and vitamin D. 13
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