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Vitamin D-deficiency rickets is occasionally seen in some developed 
countries,’>2 but it is more prevalent in this part of the world.3'7 In 

spite of plentiful sunlight, rickets is still an important clinical problem 
in several developing countries. Anemia is not a rare associated finding 
in these children and most likely is due to other deficiencies. There have 
been several studies for the classification of the pathogenesis of anemia 
associated with vitamin D deficiency rickets,B'12 but it has not been 
established whether the anemia is related to rickets or not.

The purpose of this study was to find out any relationship, in 
general, between anemia and rickets and correlation between serum 
inorganic phosphorus level with hemoglobin concentration in children 
with rickets. The latter correlation seemed to be important since Card 
and Brain13 postulated that the “anemia” of childhood was the response 
to hyperphosphatemia in this age group.

Materials and Methods
Two hundreds children with rickets diagnosed by X-ray examination 

at Hacettepe Children’s Hospital were analyzed and their results were 
compared with those of 100 children, seen during the same period, who 
showed no X-ray evidence of rickets. The ages of the children in both 
groups ranged between 1.5 and 24 months and the mean age was 7.3 
(S. D. ± 3.9) and 5.7 (S. D. ± 3.5) months in the study and control 
groups (Figure 1).
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Figure 1
The distribution of ages of study and control cases.

Malnutrition was the commonest finding in both groups, 85 percent 
in the study and 79 percent in the control group. The severity of malnut­
rition was also comparable between groups, 3 or less than 3 percentile 
for the ages, being 73 and 66 % of the cases, respectively. Bronchopneu­
monia was the most common infection in both groups, being 64 percent 
in children with rickets and 61 percent in controls. Gastroenteritis was 
also a frequent disorder in the study group and controls, with 52 percent 
in each group (Table I).

TABLE I
THE PREVALENCE OF MALNUTRITION, BRONCHOPNEUMONIA AND 

GASTROENTERITIS IN THE STUDY AND CONTROL GROUPS
With rickets (%) Controls (%)

Malnutrition (< 25 percentile for age) 85 79
(< 10 percentile for age) 82 75
(< 3 percentile for age) 73 66

Bronchopneumonia 64 61
Gastroenteritis 52 52
Bronchopneumonia + Gastroenteritis 18 13
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Hemoglobin (Hb) and Hematocrit (Het) values were obtained 
by cyanmethemoglobin and microhematocrit methods and the blood 
smear was evaluated with Wright stain. Serum calcium (Ca), phos­
phorus (P) and alkaline phosphatase levels were determined by the 
methods of Clark and Collip,H Fiske and Subborow15 and Bodansky,16 
successively.

Results

Hb and Het values in the study group ranged between 4.55 and 
15.32 g/dl with the mean of 10.35 g/dl and 17 to 47 % with the mean of 
32.4 %, respectively. When these values were compared with those of 
the controls no statistical difference was found (Table II), and the 
prevalence of anemia (Hb < 11 g/dl in this age group) with 59 and 55 % 
in two groups were not different either.

Serum inorganic phosporus values, ranged from 1.5 to 9.4 mg/dl 
mean of 4.15 mg/dl) and from 2.1 to 9.2 mg/dl (mean of 4.56 mg/dl) 
in both groups, being significantly lower in patients with rickets (P < 0.05 / 
Table II). The rickets cases were further studied and grouped into 3 
categories accoriding to serum phosphorus levels.

a. Normophosphatemic rickets in which the serum P levels ranged 
between 3.6 and 6 mg/dl.

b. Hypophosphatémie rickets in which the serum P levels ranged 
between 1.5 and 3.5 mg/dl.

c. Hyperphosphatémie rickets in which the serum P levels ranged 
between 6.1 and 9.4 mg/dl.

The Hb, Het and serum P values were also compared between these 
groups. The serum P levels were found significantly different between 
groups, as expected (P < 0.001), but the Hb and Het values were not 
found to be significantly different between groups (P> 0.05/Table HI).

Keeping in view the influence of age on serum P levels, the cases 
of rickets and controls were further subdivided into 3 groups to determine 
any correlation between P and Hb values:

a. Those who were less than 3 months,
b. Those between 4 and 6 months,
c. Those who were more than 7 months.
Hb, Het and serum P levels were not found significantly different in 

any age group except in the one with 4 to 6 months of age, in which 
only the serum P differed significantly in the study and control cases 
(P < 0.01 / Table IV).
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TABLE II
COMPARISON OF HEMOGLOBIN, HEMATOCRIT AND SERUM PHOSPHORUS LEVELS 

BETWEEN RICKETS AND CONTROLS

Hemoglobin 
g/dl Hematocrit value (%)

Scrum phosphorus 
mg/dl

Subject Number Range Mean (S.D.) Range Mean (S.D.) Range Mean (S.D.)

Rickets 200 4.55-15.32 10.35±1.98 17-47 32.40±5.52 1.5-9.4 4.15± 1.44

Controls 100 6.00-14.87
P > 0.05

10.53±2.09 19-14
> 0.05

32.07±6.12 2.1-9.2 
< 0.05

4.56±1.38
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TABLE III
COMPARISON OF HEMOGLOBIN, HEMATOCRIT AND SERUM PHOSPHORUS LEVELS 

BETWEEN THREE TYPES OF RICKETS

Type of Hemoglobin level (gm/dl) Hematocrit value (%) Serum phosphorus level (mg/dl

Rickets Number Range Mean ± SD Range Mean ± SD Range Mean ± SD

Normophos- 
phatcmic 91 5.96-14.87 10.26± 1 -94 19-42 32.31±5.54 3.6-6 4.63 ±0.66

Hypophospha­
témie 88 6.25-15.32 10.35±2.03 17-46 32.21±5.49 1.5-3.5 2.95±0.53

Hyperphospha­
témie 21 7.05-15.16 10.80±1.98 24-47 33.76±5.62 6.1-9.4 7.08±1.02
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TABLE IV
COMPARISON OF HEMOGLOBIN, HEMATOCRIT AND SERUM PHOSPHORUS LEVELS 

BETWEEN THE THREE AGE GROUPS OF RICKETS AND CONTROLS

Age in Hemoglobin level (gm/dl) Hematocrit value (%) Scrum phosphorus (mg/dl)

months Number Range Mean (S.D.) Range Mean (S.D.) Range Mean (S.D.)

0-3 Rickets
Controls

26 8.50-14.00 10.50±1.66 25-44 32.92±5.10 2.0-9.4 4. 87±1.80
32 6.75-14.07 10.72±1.99 21-44 32.18±5.81 2.2-9.2 4. 79±1.44

4-6 Rickets
Controls

67 4.55-15.32 10.86±2.09 17-47 33.07±5.57 1.9-8.2 3. 98±1.31
33 6.00-14.87 10.71±2.33 19-44 32.42±6.40 2.1-9.0 4. 68±1.36

7-24 Rickets
Controls

107 5.96-14.87 10.00±1.94 19-44 31.93±5.62 1.5-9 4.037±1.38
35 6.00-13.26 10.22±1.99 19-41 31.40±6.14 2.1-7.5 4. 34±1.33
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TABLE V
COMPARISON OF SERUM CALCIUM, PHOSPHORUS AND ALKALINE PHOSPHATASE LEVELS 

BETWEEN RICKETS AND CONTROLS

Number in parenthesis indicates the range.

Calcium (mg/dl) Phosphorus (mg/dl) Alkaline Phosphatase (B.U.)

Rickets 8.128±1.763 (2.8-11.2)* 4.15±1.44 (1.5-9.4) 14.072±8.277 (2.6-37)

Controls 8.402±1.495 (4.1-10.9) 4.56±1.38 (2.1-9.2) 9.669±5.922 (2.3-27)

P > 0.05 < 0.05 < 0.001
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Although serum alkaline phosphatase levels were significantly 
higher in the study group (P < 0.001) Ca values were not found signi­
ficantly different between groups (Table V). Since thé serum Ca levels 
were low in both groups the prevalence of hypocalcemia (< 8 mg/dl) 
was looked for and found to be 38 % and 33 % in two groups, respecti­
vely.

Discussion

Rachitic children generally come from low socio-economic families 
In these cliildren, in addition to rickets, other nutritional deficiencies are 
more frequently expected. Iron deficiency anemia is the more prevalent 
anemia, especially in infancy. Therefore it is not surprising that 59 % 
of the rachitics and 55 % of the control children were suffering from 
anemia. Since marked hypochromia was observed in the peripheral 
smear of these children, it is most likely that the majority of the anemic 
cliildren, if not all, had had iron deficiency anemia.

There are some cases of rickets with anemia in whom myelofibrosis 
has been shown.10'12-18 Myelofibrosis due to renal rickets has also 
been reported.19 Red cell survival in these cases showed decreased eryth­
rocyte survival.10 In this study the mean Hb and Het values indicated 
anemia in the same range of Salimpour’s rickets cases.6 But these values 
were not significantly different from the control values. Control group 
children were especially chosen from those babies who had the same 
ailments of the study group, excepting rickets. It might then be concluded 
that in vitamin D deficiency rickets cases, anemia is most likely associated 
with poor diet and low socio-cultural conditions. The prevalance of 
very high malnutrition among these children (85 %) supports this 
conclusion.

In spite of low serum P levels, Hb and Het values were not found 
elevated in patients with rickets. These results do not seem to support 
the studies of Card and Brain13 who found correlation between Hb 
concentration and the levels of serum P, in the range of the study group. 
Card and Brain postulated that higher serum P levels in childhood lead 
to a rise of erythrocyte ATP and2-3 DPG which decreases oxygen affinity 
of Hb, may thus account for the physiologic ¿‘anemia” of childhood.

Hypocalcemia of these children may be related to the stage of the 
rickets, but it was also observed in the control children. So malnutrition 
might be a major factor for this finding. Serum and tissue alkaline phos­
phatase changes have often been studied in rickets.4-5-20 Although 
serum alkaline phosphatase values were significantly higher in the study
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group (Table V), for individual values they would not serve as a dif­
ferentiating factor in the malnourished, as was previously indicated.6'12

Summary

Hemoglobin and hematocrit values of 200 children with vitamin D 
deficiency rickets under 24 months of age were compared with the 
values of 100 children within the same age range who had the same 
ailments as the study group, but no differences could be found. The 
diagnosis of rickets was made radiologically. Although the study group 
patients had statistically low serum P levels, their Hb and Het values 
did not differ either from the control children’s values or the study group 
with normal or elevated P values.

59 % of the patients with rickets had anemia (Hb < 11 gr/dl) 
and 55 % of the children in the control group were also anemic. It is 
therefore concluded that with the exclusion of very unusual cases of 
myleofibrosis, anemia is not a related finding of rickets.
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