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INTRODUCTION

Rickets or bone softness is a disease associated with
delayed bone growth in infants and children.!? In this
disease, children’s bones remain soft, which increases
the risk of bone loss and bone fractures. The main cause
of rickets is Vitamin D deficiency; however, calcium
deficiency has also been noted as an etiologic factor.**
Children with malnutrition are at higher risk of rickets.

In general, rickets is known as a childhood disease;
nevertheless, it also occurs in adults. Following groups
are at higher risk of rickets: (a) infants whose mothers
were not adequately exposed to the sunlight; (b) people
with lactose intolerance who do not use complete milk;
and (c) infants whose mothers suffered from Vitamin D
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deficiency during pregnancy.® Vitamin D is essential
for the intestinal absorption of calcium. In the absence of
this Vitamin, calcium is not absorbed, and the bones and
teeth become defective. If the condition progresses to a
deteriorating process, the muscles also become weak.*!

Butter, egg, fish liver oil, margarine, milk, and fatty
fish such as tuna, as well as fish and salmon, are
among Vitamin D rich foods.”'”! Rickets may rarely
be a hereditary illness linked to a dominant allele on
chromosome X disrupting the phosphate reabsorption
and Vitamin D metabolism.?!

Signs of rickets include bone softness and bone pain,
dental growth defects, premature rot, muscle weakness,
increased risk of bone fracture, curvature and defects
in bone formation, growth retardation, calcium
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deficiency, muscle weakness, and abnormal skull softness
in newborns.'"? The curvature is a “classic” symptom of
rickets that occurs in the bones of the legs and chest. This
defect may also occur in the skull deteriorating its elliptical
state. In severe conditions, the curvature also appears in the
long bones and the vertebral column. These tendrils are
generally treated in childhood.["*'4

Rickets is diagnosed by blood tests, X-rays of the bones,
blood gas analysis, and bone biopsy.['>!! Rickets can be
prevented and treated with administrating a diet rich in
Vitamin D (generally in the form of Vitamin D3 tablets),
phosphates, and liver oil, as well as by exposure to
sunlight.l”18l

The causes and symptoms of rickets have been addressed
by several studies worldwide. Performing meta-analyses
are necessary to validate the results of these studies.
The aim of this systematic review and meta-analysis
was to determine the characteristics, causes, biochemical
symptoms, and mineral deficiencies (Ca, alkaline
phosphatase [ALP], and PO4) in Iranian children with
rickets.

MATERIALS AND METHODS

Search strategy

This was a systematic review and meta-analysis evaluating
the literature published on childhood rickets. Electronic
databases, including Google Scholar, Scientific Information
Database, PubMed, Scopus, Web of science, and Elsevier,
were searched. The articles published in Persian and
English were recruited. The keywords included rickets,
rickets in Iran, biochemical symptoms of rickets,
complications of rickets, and consequence of rickets in
Iran. The literature published from 1975 to 2018 were
included in the study.

Selection of studies and data extraction

Two investigators independently performed the initial
search. Those studies addressing the primary outcomes of
interest on rickets (i.e., causes and consequences of rickets
in Iran) were selected. The studies that solely assessed
the treatment of rickets were excluded from the study.
A standardized data extraction template was used to
prepare a primary checklist of the included studies. This
checklist included the author’s name, article title, year of
publication, location of the study, sample size, population,
gender, weight, and height. Furthermore, the biochemical
symptoms of rickets, including the serum levels of PO,,
Ca, and ALP, were recorded in individual genders and age
categories. The final checklist was generated by selecting
the studies that met the qualification criteria. Accordingly,
80 studies entered into the primary checklist. Among these,
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50 articles were include after reading the titles. The 30
selected articles were reassessed for the secondary outcomes
of interest, as well as for sample size, the time of data
collection and biochemical symptoms of rickets. Finally,
seven articles met the qualification criteria to be included
in the meta-analysis. The full texts of these articles were
finally assessed [Figure 1].

Statistical analysis

The normal distribution model was used to analyze the
data. The weight of each study was inversely proportional
to its variance. The heterogeneity among the studies was
checked using the Q test and I*index. Due to the significant
heterogeneity among the studies, we used a random effects
model for meta-analysis. Meta-regression was used to
explore the reasons of heterogeneity. The statistical analyses
were performed in STATA software, version. 11 (College
Station, TX, USA).

RESULTS

The biochemical symptoms of Iranian children with rickets
had been reported in the seven included studies published
from 1975 to 2018. The total combined sample size was
933 (133 participants per article). The characteristics of the
included studies and their geographical distribution are
presented in Table 1.

Figure 2 shows the biochemical parameters (serum levels
of PO,, Ca, and ALP) in Iranian children with rickets. The
means of serum levels of PO,, Ca, and ALP were obtained
as 4.18 [95% confidence interval (CI): 3.75-4.61, I> = 98.3%,
P <0.001, Figure 2a], 9.23 [95% CI: 8.78-9.68, I* = 99.6%,

80 records were identified in the
primary literature search

l

50 duplicated records were omitted

A\ 4
30 remained records were R
screened g

20 records were
excluded

A\ 4

3 studies were excluded
because of incomplete
information

10 full-text articles were
assessed for eligibility

!

7 studies were included in
quantitative synthesis
(meta-analysis)

Figure 1: Flowchart of the present systematic review and meta-analysis
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Study %
ID ES (95% CI) Weight
-Ranjbar (2018) ~!  3.80(3.57,4.03) 14.32

Esmaeili (2018) + 5.10 (4.96, 5.24) 14.66

Dahnifar (2007) o 4.00(3.94,4.06) 14.87

Mohammad (2012) e 4.60 (4.20, 5.00) 13.25

Vakili (2017) + | 350(3.38,3.62) 14.74
Salimpou (1975) + | 3.48(3.30,3.66) 14.55
Barzegar (2007) | —— 4.86 (4.51,5.21) 13.60

Overall (I-squared = 98.3%, p = 0.000) > 418(3.75,4.61)100.00

NOTE: Weights are from random effects apalysis

Study %
ID ES (95% Cl) Weight
-Ranjbar (2018) i+ 9.80 (9.57, 10.03)13.97

Esmaeili (2018) 0 9.50 (9.37,9.63) 14.32

Dahnifar (2007) * 9.40(9.34,9.46) 14.44

Mohammad (2012) * 9.40(9.23,9.57) 14.19

Vakili (2017) ! 860(8.58,8.62) 14.47

Salimpou (1975) + 1 831(8.13,849) 14.17

)
Barzegar (2007) i+ 9.60 (9.54, 9.66) 14.44
)

Overall (I-squared = 99.6%, p = 0.000) @ 9.23 (8.78, 9.68) 100.00

NOTE: Weights are from random effects gnalysis
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%
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1.03(0.97, 1.09) 21.98
- 1.79 (1.63, 1.95) 15.35

1.33 (1.283, 1.44) 100.00

-2.34 0

2.34

Figure 2: (a) The mean serum PO4 level with 95% confidence interval in the studies included in the meta-analysis. Each line shows the 95% confidence interval. The
diamond shows the overall effects of the studies. The mean serum PO4 level in children with either partial or complete rickets using the random effects model. Each
square represents the effect estimated for individual studies. The confidence interval of the mean PO4 serum level is reflected by the size of each square, which is
proportional to the weight assigned to each study. The diamond represents the overall pooled results. (b) The mean serum Ca level with 95% confidence interval in
the studies included in the meta-analysis. Each line shows the 95% confidence interval. The diamond shows the overall effects of the studies. (c) The mean serum
alkaline phosphatase level with 95% confidence interval in the studies included in the meta-analysis. Each line shows the 95% confidence interval. The diamond
indicates the overall effects of the studies. The overall mean serum alkaline phosphatase level in children with either partial or complete rickets using the random

effects model. Each square represents the effect estimated for individual studies

Table 1: The biochemical parameters in Iranian children
with rickets
References First

Year Sample Girl Boy PO, Ca ALK

author size
[19] Ranjbar 2018 12 - - 3.8 9.8 198
[20] Esmaeili 2018 119 68 51 51 95 -
[21] Dahnifar 2007 414 414 0 4.0 9.4 1194
[22] Mohammadi 2012 48 21 27 4.6 9.4 155
[23] Vakili 2017 100 - - 35 86 12
[24] Salimpour 1975 200 73 127 3.48 8.31 1.03
[25] Barzegar 2007 40 10 30 4.86 0.96 1.79

ALK=Alkaline phosphatase

P<0.001, Figure 2b], and 1.33 [95% CI: 1.23-1.44, *=95.6%,
P <0.001, Figure 2c], respectively.

Meta-regression analysis indicated that the studies with
lower sample sizes reported higher levels of the biochemical
parameters in Iranian children with rickets [Figure 3a]. The
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trend of biochemical parameters over time in children
with rickets is shown in Figure 3b. This indicated an
increasing trend in the biochemical symptoms of rickets
from 1975 to 2018. Figure 4 depicts a symmetric funnel plot
implying no publication bias in the included studies. Level
of heterogeneity in this study was 95.6%, which indicates
there were high heterogeneous among studies.”!

DISCUSSION

The aim was to determine the causes and symptoms of rickets
in Iranian children. The minerals (i.e., Ca, ALP, and PO4)
deficiencies were assessed as biochemical indicators of
rickets using meta-analysis.

The altered metabolisms of Vitamin D, calcium, and
phosphorus in children can manifest as rickets and

bone deformation. In fact, nutritional deficiencies and
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Figure 3: (a) Meta-regression analysis according to the sample size. (b) Meta-regression analysis according to the year of publication. An increasing trend in biochemical

parameters was observed in Iranian children with rickets from 1975 to 2018
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Figure 4: Publication bias in the studies reporting the biochemical parameters
in Iranian children with rickets. The symmetric funnel plot implied no publication
bias among the included studies

poor dietary intakes of Vitamin D and calcium are the
main etiologies for rickets.! Determining the levels of
Vitamin D3, parathyroid hormone, ALP, creatinine, calcium,
phosphorus, and blood urea nitrogen can be beneficial to
establish the diagnosis of rickets.!'"!?

In the present meta-analysis, the mean serum PO, level
was found to be lower than normal in Iranian children
with rickets. Other studies have also reported similar
findings.**! Poor nutritional status during pregnancy and
childhood can predispose children to phosphate deficiency.
Therefore, this condition may be preventable by educating
parents to consume foods such as meat and milk which
contain protein phosphates. A diet rich in calcium and
protein can also provide the phosphorus needed by the
body. Bread made from whole grains and legumes also
contain high levels of phosphorus.[*?!

We also found that the mean serum Ca level was lower
than normal in Iranian children with rickets, which is
consistent with other studies.'>?”! Poor nutritional intake
is also the main cause of Ca deficiency. Consuming milk
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and other dairy products such as ice cream can be helpful
in preserving an adequate level of Ca within the body.
Infants who are solely breast-fed are particularly at risk
of Ca deficiency as breast milk alone cannot provide all
the Ca needs. Therefore, administrating simultaneous
Ca supplementation is recommended to avoid calcium
deficiency in infants and children.””*! Educating pregnant
or lactating mothers about the nutritional needs of infants
and providing them with appropriate breast-feeding
schedules may be beneficial to meet the nutritional needs
of infants.

Similarly, we noticed that the mean serum level of ALP
was lower than normal in Iranian children with rickets.
Considering the role of ALP in bone reabsorption, ALP
deficiency can exaggerate bone deformation in children
with rickets. ALP deficiency in children with rickets may
be secondary to either malnutrition or the presence of
underlying diseases.'/132%]

In present systematic review and meta-analysis, we
identified that the frequency of rickets was higher in boys
than girls among the included studies. This was in parallel
to the results of previous studies.’??! Other studies have
also indicated a higher incidence of rickets in boys than
girlsi#2%3! which is in line with our observation. This may
be in part related to early diagnosis of rickets in boys due
to their higher physical activities and the nature of their
movements. Nevertheless, there is still no explanation for
this phenomenon, and this should be addressed in future
studies.

Most children with rickets are diagnosed in the first 2 years
of their lives. As rickets is more likely to present at this
period, it is advisable to closely monitor children <2 years
old to predict and prevent the formation of rickets.

Studies have shown an increasing incidence in childhood
rickets in some regions of the world. Feeding children
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with milk enriched with Vitamin D is a viable strategy to
prevent the disease in countries with a high prevalence of
rickets.?? Although all Iranian infants receive about 400 units
Vitamin D per day after the first 2 weeks of life, rickets still
occurs in Iranian children.”” This indicates that parents
are not adequately educated regarding the nutritional
requirements of children. By providing such educations, it
may be possible to eradicate rickets among Iranian children.

Limitations

There were several limitations in the studies included in
the present meta-analysis. There were no clear distinctions
between Vitamin D levels and the types of movements in
some studies. We were also unable to assess all biochemical
parameters of rickets in some geographical areas of Iran due
to the lack of respective studies in these areas.

CONCLUSION

The prevalence of rickets was higher in boys than girls. By
timely and precise detection of biochemical characteristics
of rickets, it is possible to prevent this disease in children.
Social educations about the biochemical symptoms of rickets
are crucial to early diagnose and successfully treat rickets
in children.
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