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Abstract

Begg'’s tests assessed the publication bias.

Keywords: Child, Dental Caries, Anemia, Iron Deficiency

Context: Dental caries is a complication affecting the health of society, so it is vital to manage. Most children with early childhood
caries (ECC) are believed to undergo anemia, altered physical growth patterns, and low weight.

Objectives: This study aimed to evaluate the relationship between dental caries and iron deficiency anemia (IDA) in children.
Evidence Acquisition: The medical subject headings (MeSH) and non-MeSH were applied to choose the search terms. English lan-
guage case-control studies assessing blood factors associated with IDA in children with and without dental caries were potentially
eligible. Two independent researchers carried out an electronic search to retrieve studies published in the English language on Sco-
pus, ProQuest, PubMed, and Web of Science databases in October 2020. Initially, 494 articles were obtained. Of them, 17 were eligible
for inclusion, of which eight studies were eliminated. The meta-analysis was done using the comprehensive meta-analysis software
(version 2, Biostat). The forest plots estimated the mean difference and depicted the results of the meta-analysis. The Egger’s and

Results: A significant difference was observed in serum ferritin levels between the case and control groups, with a mean difference
of -0.230 (95% confidence interval (CI): -0.446 to -0.015; P value = 0.008). Blood hemoglobin and mean corpuscular volume (MCV)
levels indicated significant mean differences of -0.991(95% CI:-1.813 to-0.169) and -0.807 (95% CI:-1.336 to-0.279), respectively (P value
< 0001). In the case group, all three blood parameters were significantly lower.

Conclusions: Hemoglobin, serum ferritin, and MCV levels are lower in children with dental caries than in caries-free children.

1. Context

Early childhood caries (ECC) is a form of dental caries
thatinfluences the primary teeth in children under 6 years
(1, 2). Severe dental caries affect children’s growth, de-
velopment, and health (3) and can negatively influence
the parents and community socially and economically
(4). Dental caries can cause oral pain, interfering with
eating and sleeping and making a child underweight (5,
6) and stunted (7-9). It is believed that infants with se-
vere dental caries are anemic, scrawny, and ill-fed and
undergo changes in physical growth patterns, thereby
suffering from nutritional deficiency anemia, especially
iron deficiency, and poor oral health-related quality of life
(OHRQOL) (10).

Anemia in children can have several etiologies. The
common causes of anemia are (1) iron deficiency anemia;
(2) anemia of acute blood loss; (3) anemia of chronic in-
flammation; (4) anemia of malnutrition; and (5) inherited

hemoglobinopathy. Iron deficiency anemia is the most
common cause of anemia (11). Numerous factors such as
genetic and dietary factors, inflammatory processes, and
environmental factors like dental caries and low socioeco-
nomic status are involved in iron deficiency anemia (IDA)
(12-14).

The association between ECC and IDA as two multifac-
torial parameters is bidirectional. Diet is highly associated
with ECC and IDA separately, and a relationship may exist
between these two parameters. Prolonged breastfeeding
may be associated with both ECC and IDA. Toothache in ECC
can affecta child’s overall health. Impaired chewing due to
caries in children can decrease the consumption of iron-
rich foods such as meat and nuts. Besides, IDA may cause
damage to developing central nerves, leading to disabili-
ties and negatively impacting the children’s quality of life
(15-17).

Some studies reported that children with severe early
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childhood caries (S-ECC) were significantly more likely to
undergo IDA (18, 19). In contrast, others reported that ane-
mia was not significantly linked to the number of decayed
and filled teeth or surfaces (20) and found no causal associ-
ation between S-ECC and anemia (21, 22). Gurunathan et al.
(23) also revealed in their review that children with S-ECC
seemed to have significantly higher odds of IDA. In addi-
tion, Folayan et al. (24) indicated that anemia had an in-
verse relationship with ECC in older preschool children.
Inconsistent results in the review of evidence show
an inconclusive association between anemia and ECC. To
the researchers’ knowledge, there is no macro-level infor-
mation about the association between these two public
health issues. Understanding this association might help
design low-cost and effective interventions using the com-
mon risk factor approach and address at-risk children in
regions with the most widespread problems. On the other
hand, identifying this potential relationship between den-
tal caries and IDA will help pediatricians, pediatric den-
tists, health care policymakers, and family physicians pro-
mote child health and implement preventive policies.

2. Objectives

The purpose of this systematic review was to provide a
meticulous summary of all primary research in this field
and analyze their data to find a possible relationship be-
tween iron deficiency anemia and dental caries.

3. Evidence Acquisition

This systematic review was performed according to the
guidelines of preferred reporting items for systematic re-
views and meta-analysis (PRISMA statement) (25).

3.1. Search Strategy

Relevant studies were searched after defining a well-
focused PECO question and the inclusion and exclusion cri-
teria (Table 1) based on the study subject. Due to the dis-
crepancies in the results of the studies, the present study
only used the case-control studies conducted in this field
to obtain more reliable results. The included articles exam-
ined blood factors (O, outcome) in children (P, population)
with dental caries (E, exposure) versus caries-free children
(C, comparison).

The key terms were selected based on the medical sub-
jectheadings (MeSH)and non-MeSH terms in simple terms
or combinations. The major search terms consisted of
"dental caries," "child," and "iron deficiency anemia." The
searched databases included Scopus, ProQuest, PubMed,
and ISI Web of Science. No filters were applied except
for age group (< 18 years) and language (English). The

search strategy retrieved the articles involving (anemia
OR anemia iron deficiency OR low serum iron level OR
iron-deficient* anemia OR iron-deficient* anemia OR low
iron status) AND (optimal iron level OR control OR no ane-
mic OR optimal iron status) AND (caries OR carious OR
tooth decay OR teeth decay OR dental caries OR cavitated
caries lesion OR cavitated carious lesion OR dental caries
and child* OR early childhood caries OR tooth decay and
child* OR severe early childhood caries OR baby bottle
caries) AND (primary teeth OR primary tooth OR decidu-
ous teeth OR deciduous tooth OR deciduous OR primary
dentition OR teeth, deciduous OR tooth, deciduous OR pe-
diatric dentistry OR dentistry for children OR pedodontics
OR child dentistry). Two authors found other studies inde-
pendently through hand-searching of key journals, check-
ing the references of the articles included in the study, and
personal communication with experts in the field. In this
review, articles were included published between 1990 and
2020 (publication period).

3.2. Selection of Studies

A reference management system (EndNote) was used
to upload all the potentially eligible studies and eliminate
the duplicate ones. Using the search strategy developed,
two trained reviewers independently searched the above-
mentioned databases. Two reviewers were encouraged to
work with the third one, who was experienced in the pro-
cess of systematic reviews, to attend relevant training. The
reviewer’s article selection should be based on the inclu-
sion and exclusion criteria. Specified consensus and third
reviewer methods were used to resolve discrepancies and
design a data extraction form based on PECO. The review-
ers then reviewed the abstracts of the articles and chose
those that met the inclusion criteria. They screened the full
texts of the chosen abstracts and excluded some of them.
The correlation coefficients between the two researchers’
search results were 0.94 and 1in the abstract and full-text,
respectively. The third researcher who made the final deci-
sion resolved disagreements between the two researchers.

3.3. Data Extraction

Two researchers independently extracted data from
different studies as a table (Table 2). The variables included
the author’s name, publication year, children’s age, the
sample size of children in the case and control groups, type
of study, the mean and standard deviation of blood param-
eters in the case and control groups, and a brief conclusion
of each study.

3.4. Assessment of Risk of Bias

Based on the Newcastle-Ottawa scale (NOS), each study
was evaluated for inner-methodological risk of bias. The
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Table 1. Inclusion and Exclusion Criteria

Inclusion Criteria

Exclusion Criteria

English language case-control studies investigating iron deficiency anemia in children with and without dental

caries

Case reports

Editorial letters

Pilot studies

Historical reviews

Studies in languages other than English

Cohorts

Cross-sectional studies

risk of bias in the included studies was assessed by the NOS
modified for observational studies (25). The scale domains
consisted of comparability of the groups, measurement of
exposure and outcomes, and selection of cases and con-
trols. Studies were classified as having low, moderate, and
high methodological quality according to the NOS scores
< 5,5-7,and > 7, respectively. This quality assessment was
utilized merely for the descriptive section, not the inferen-
tial part.

3.5. Statistical Analysis

Using the comprehensive meta-analysis software (ver-
sion 2, Biostat), a meta-analysis was conducted to deter-
mine the relationship between anemia and the prevalence
of dental caries in children. The random-effects model de-
termined the standard mean difference in continuous data
at a 95% confidence interval (CI). The P value and I? statis-
tics analyzed heterogeneity in studies. Thus, a P value <
0.05oran I* > 50% showed heterogeneity. Forest plots esti-
mated the mean difference and depicted the results of the
meta-analysis. The Egger’s and Begg’s tests assessed publi-
cation bias.

4. Results

4.1. Study Selection

Figure 1illustrates the flow diagram of the search strat-
egy. Atotal of 494 articles [139 on ProQuest, eight on Web of
Science, 211 on Scopus, and 136 on MEDLINE (PubMed)] were
obtained. Excluding the duplicate and irrelevant articles,
the abstracts of 29 articles were analyzed. Finally, 17 arti-
cles were subjected to full-text analysis, but eight were ex-
cluded because they were cross-sectional and did not have
a control group to compare.

4.2. Quantitative Analysis

The study of Deane et al. (33) could not be included in
the meta-analysis because blood factors were not reported
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precisely. Finally, eight studies were included in the meta-
analysis. Table 3 presents the descriptive results and pa-
rameters of each study.

4.3. Risk of Bias

Table 3 indicates a detailed assessment of the risk of
bias. The NOS is a star rating system with eight items that
assigns a maximum of nine stars to three domains, in-
cluding selection (four stars), comparability (two stars),
and exposure measurement (risk factor) in case-control
studies (three stars). The quality was highly different
among studies; one study indicated low quality, six studies
showed moderate quality, and two studies demonstrated
high quality.

4.4. Study Characteristics

All the reviewed articles were case-control studies that
assessed the blood factors associated with IDA among 1,116
participants in the case (children with dental caries) and
control (caries-free children) groups. Of the eight arti-
cles included in the systematic review, seven (18, 26-28,
30-32) evaluated blood ferritin levels, and seven assessed
hemoglobin levels (18, 26-30, 32). Moreover, six studies (18,
26-30) evaluated mean corpuscular volume (MCV).

Abed et al. (26) assessed other blood factors like HCT,
red blood cells (RBCs), mean corpuscular hemoglobin con-
centration (MCHC), mean corpuscular hemoglobin (MCH),
red cell distribution width (RDW), total iron-binding ca-
pacity (TIBC), and serum iron. Shaoul et al. (27) measured
RDW, iron, and transferrin in addition to the major blood
factors evaluated in this systematic review. Packed cell vol-
ume (PCV) and MCHC were also evaluated in the study by
Bansal et al. (29).

Among the studies included, three (26, 30, 31) com-
pared children with ECC with caries-free children. While
in four (18, 26, 29, 30) studies, children with severe early
childhood caries were compared with caries-free children.
In Nayak et al. (32) study, children with DMFT more than
zero were compared with caries-free children.
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Table 2. The Main Characteristics of Studies Included in Systematic Review *

Author Age Type of Study Control Parameters Conclusion
Study Group (S) Group (C)
1-Hb (g/dL): S:10.01 % 0.83; C:11.80
+0.91
2-Red blood cells (RBCs): S: 4.17 +
035;C:4.52 +0.44
3-HTC (%): S:30.27 £ 3.45; C: 36.29
+378
1c(l)1(i)ldren 50 4-Mean corpuscular volume All parameters, except for red cell distribution
1-Abed et Case- B . (MCV):5:72.56 =+ 4.96; C: 803+ width (RDW) and total iron-binding capacity
2-5years with early caries-free S .
al. (26) control dental children 635 (TIBC), were significantly lower in the case
caries 5-Mean corpuscular hemoglobin group (P < 0.05)
(MCH) (pg): S:24.05 £ 1.91; C: 26.18
+2.02
6-MCHC (g/dL): S:33.16 &= 1.66; C:
32.62 +1.32
7-Serum iron (mg/mL): S: 0.40 £
0.10;C:0.73 £ 0.23
8- Serum ferritin (ng/mL): S: 31.86
+18.2; C: 40.96 = 21.1
1-Hb (g/dL): S:11.22 £ 0.46; C:12.45
o7
2-MCV (fL):S:75.8 + 4.7;C:82.9 &
77
30 children 3-RDW (%): 5:15.0 £12;C:12.8 = 1.4 All parameters, except for RDW and
2. Shaoul Case- with severe 30 — transferrin, were significantly lower in the
3-18 years caries-free 4-Ferritin (ng/mL): $:14.2 £ 6.2;C: case group (P < 0.0001); RDW and transferrin
etal. (27) control dental ] 30.6 +13.9 o - -
caries children 5 : were significantly higher in the case group (P <
5-Iron (mcg/dL): S: 47.5 + 11.4; C: 0.0001 and P=0.01, respectively)
75.2£19.0
6-Transferrin (mg/dL): S: 285.1 &
34.9;C:262.1 £ 315
1- Ferritin (ug[L): S: 29.1 £ 18.4; C:
302+17.4 Ferritin and MCV levels did not differ
3-Schroth Under 72 Case- 14‘% 122A 2-Hemoglobin (g/L); S:109.8 £ 8.7; significantly bereen the Eroups ° =A0'62 and
etal. (18) months control children caries-free Ci7+76 P=0.74 respectively), and children with S-ECC
) with S-ECC children 27T had significantly lower mean hemoglobin
3-MCV:S:78.3 £ 5.3;C:78.5 3.8 levels than controls (P < 0.001)
1- Ferritin (pug[L): S: 29.33 & 24.29;
C:76.05 1 84.74
4-Iranna Case- 30 children 30 . 2-Hemoglobin (gm/dL); S:9.49; C: The serum feArmAm’ hemoglobu?, and MCv
Koppal et 2 to 6 years . caries-free levels were significantly lower in the case
control with SECC - 10.73 R
al. (28) children group than in the control group (P < 0.05)
3-MCV:S:75.70; C: 83.10
1- Hemoglobin (Hb) (g/dL): S:11.3 =
15;C:12.8 2.0
2-MCV (pm’): $:74.0 £ 7.5; C: 87.5 All parameters (Hb, MCV, and PCV), except for
5-Bansal Case- 30 children +11.0 MCHC, were significantly lower in the case
1. (29) 2-6years control with S-ECC 30 controls roup (P=0.002,P< 0.001,and P=0.002
etal. 3-MCHC (g/dL): S:32.8 £ 2.6;C:33.2 | 8roup(P=0.002,P<0.001, =0.002,
+17 respectively)
4- Packed cell volume (PCV) (%): S:
34.7425;C:385 £ 6.0
1-Hb (g/dL): S:12.31 £ 1.10; C: 12.38
+1.02
6- 157 83 " L . .
. Case- . . 2- Ferritin (ng/mL): S: 34.58 + 25.01; No significant differences were detected in the
Shamsaddin|  2-6years control children caries-free C:34.63 £19.16 three parameters (P> 0.05)
etal.(30) with ECC children o - P :
3-MCV: S: 76.81 =+ 5.66; C: 77.61 ==
4.59
7-Jayaku- <72 Case- 79 children 35 ECC-free Ferritin: S: 28.22 4 20.65; C: 37.40 Children with ECC had lower ferritin levels
mar and months control with ECC children +24.20 than children without ECC (P> 0.05)
Gu-
runathan
&N
19 1-Hb (g/dL): S:11.82 4-1.29; C:12.57
8-Nayak et Case- children 47 ) +0.92 Only was Hb significantly lower in the case
5-12 years . caries-free
al. (32) control with DMFT controls 2- Ferritin (ng/mL): $:30.71 & 21.54; group
>0

C:31.06 1932

? Values are expressed as mean = SD.
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Records from proquest
database
(N=139)

Eligibili Screening Identification

Included

Records from Web
of science database

(N=8)

Records from
scopus database
(N=211)

Records from pubmed
database
(N=136)

Records after duplicates removed

(n=29)

Full-text articles
assessed for eligibility
(n=17)

Full-text articles
excluded, with reasons
(n=9)

Studies included in
quantitative synthesis
(meta-analysis)
(n=8)

Figure 1. Flow diagram of the search strategy

Table 3. Quality of Evidence of Included Studies Based on the Newcastle-Ottawa Scale (NOS)*

Variables

Abed etal.
(26)

Shaoul et al.
(27)

Schroth, etal. Iranna

(18) Koppal etal.

(28)

Bansaletal.

Shamsaddin

Jayakumar Nayak et al.

(29) etal.(30) and (32)

Gurunathan

(31)

Deane et al.

(33)

Adequate case definition
Representativeness of the cases
Selection of controls

Definition of controls
Comparability of cases and controls
Ascertainment of exposure

The same method of ascertainment for
cases and controls

Non-response rate

Methodological quality

Mod

Mod

High Low

Mod

High Mod Mod

Mod

2 NOS methodological quality: Low: Under five; Moderate: Five to seven; High: Above seven.
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In all studies included in the systematic review, except
for two (27,32), the studied children were under six years. A
statistician (MT) assessed the studies included in the meta-
analysis were assessed by a statistician (MT). The funnel
plot and Begg’s test determined the heterogeneity among
these studies.

4.5. Serum Ferritin Outcome

Six articles with a similar methodology evaluated
blood ferritin levels as a mean and SD. The heterogene-
ity showed P = 0.029 and I* = 59.942 %, and a random-
effects model was used for the meta-analysis. The meta-
analysis results indicated a statistically significant differ-
ence in serum ferritin levels between the case and control
groups, with a mean difference of -0.230 (95% CI:-0.446 to
-0.015; P value = 0.008). Serum ferritin level was signifi-
cantly lower in the case group. Figure 2 shows the forest
plots of serum ferritin levels (18, 26, 30-32).

4.6. Hb Outcome

Four articles with a similar methodology evaluated
hemoglobin levels as a mean and SD. The heterogene-
ity showed P > 0.000 and I* = 95.766 %, and a random-
effects model was used for the meta-analysis. The results
also showed a statistically significant difference in blood
hemoglobin levels between the case and control groups,
with a mean difference of -0.991 (95% CI: -1.813 to -0.169) (P
value < 0001). Blood hemoglobin levels were significantly
lower in the case group. Figure 3 shows the forest plots of
Blood hemoglobin levels (18, 26, 29, 30).

4.7. MCV Outcome

Five articles with a similar methodology reported MCV
asamean and SD.The heterogeneity showed P> 0.000 and
I> = 90.867%, and a random-effects model was used for the
meta-analysis. The meta-analysis results indicated a sig-
nificant difference in MCV between the case and control
groups, with a mean difference of 0.807 (95% CI: -1.336 to
-0.279) (P value < 0001). Thus, MCV was significantly lower
in the case group. Figure 4 shows the forest plots of MCV
(18, 26,27, 29,30).

5. Discussion

Early childhood caries is a severe tooth decay that in-
fluences infants and young children. These children un-
dergo iron deficiency, growth retardation, and weight loss
due to malnutrition, poor chewing ability, and pain (3, 8).
Disturbed sleep quality causes inadequate growth in these
children due to decreased production of glucosteroids
(34).

On the other hand, anemia can occur as a result of
factors such as genetic (congenital) factors, inflammatory
processes, nutritional factors, and environmental factors
like dental caries and low socioeconomic status (13, 35). Ac-
cording to the World Health Organization (WHO), IDA is
confirmed if at least two out of three parameters (MCV,
serum ferritin, and Hb) are lower than normal (36). The
present systematic review provided a meticulous sum-
mary of the relationship between iron deficiency anemia
and dental caries in children by considering all available
case-control studies.

Different factors like socioeconomic condition, diet,
race, and sleep patterns can affect anemia. These factors
vary in various communities (12, 24, 37). One of the differ-
ences between this study and similar studies is that this
study only included case-control studies to reduce the pos-
sible socioeconomic effects in different societies. Studies
were done in communities with different socioeconomic
conditions that may affect multifactorial variables such as
dental caries and IDA. Having a case group and control
group in each community and considering them in the
meta-analysis can reduce the effect of community differ-
ences. On the other hand, the age group considered in this
study differs from other studies; our study included chil-
dren up to the age of 18, but other studies usually included
children with early childhood caries.

Of the studies included in the meta-analysis, six (18, 26,
28,30-32) with a similar methodology evaluated blood fer-
ritin, four (18, 26-30, 32) assessed hemoglobin levels, and
five (18, 26, 27, 29, 30) evaluated MCV. The results indi-
cated that MCV, hemoglobin, and blood ferritin levels were
significantly lower in children with dental caries than in
those without dental caries.

Several theories have indicated a relationship between
ECC and IDA in children with dental caries. Inflamma-
tion in ECC can induce cytokine production, which can
hinder erythropoiesis and decrease hemoglobin and iron
levels. A probable effect of severe caries on children is
that chronic dental abscesses and pulpitis influence their
growth by causing chronic inflammation, which influ-
ences metabolic pathways where cytokines affect erythro-
poiesis. For example, interleukin-1 (IL-1), which has a wide
range of activities against inflammation, can inhibit ery-
thropoiesis. This hemoglobin inhibition can induce ane-
mia due to decreased erythrocyte production in the bone
marrow (38).

On the other hand, iron deficiency can destroy the
functions of the salivary gland in children and decrease the
buffering capacity and dental caries (39). Moreover, ECC-
induced malnutrition and chewing inability cause iron
deficiency and anemia. A nutritional and health survey
showed a prevalence rate of 0.2% - 6.2% for iron deficiency
in children aged 4 - 6 years. Various studies have shown

Iran | Pediatr. 2022;32(4):e124071.
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Study name Statistics for each study Std diff in means and 95% CI

Std diff  Standard Lower Upper

in means error Variance limit limit Z-Value p-Value
Abed (2014) -0.473 0.175 0.031 -0.816 -0.129 -2.695 0.007 —.—
Schroth (2013) -0.057 0.123 0.015 -0.298 0.184 -0.463 0.643
Koppal (2013) -0.753 0.267 0.071 -1.276 -0.229 -2.817 0.005 ——.—
Shamsaddin (2016) 0.000 0.136 0.018 -0.266 0.266 0.000 1.000
Jayakumar (2017) -0.410 0.205 0.042 -0.811 -0.008 -2.001 0.045
Nayak (2017) 0.000 0.172 0.030 -0.338 0.338 0.000 1.000

-0.230 0.110 0.012 -0.446 -0.015 -2.095 0.036
-2.00 -1.00 0.00 1.00 2.00
Ferritin is lower in cases  Ferritin is higher in cases
Figure 2. Forest plot of serum ferritin level

Study name Statistics for each study Std diff in means and 95% CI

Std diff  Standard Lower Upper

in means error Variance limit limit Z-Value p-Value
Abed (2014) -2.000 0.208 0.043 -2.408 -1.592 -9.608 0.000
Schroth (2013) -1.000 0.130 0017 -1256 -0.744 -7.665 0.000 .
Bansal (2016) -1.000 0.274 0075 -1537 -0463 -3.651 0.000 -.—
Shamsaddin (2016) 0.000 0.136 0018 -0.266 0.266 0.000 1.000

-0.991 0.419 0.176 -1.813 -0.169 -2.363 0.018 ‘

-4.00 -2.00 0.00 2.00 4.00

HB is lower in cases HB is higher in cases

Figure 3. Forest plot of blood hemoglobin level

a higher prevalence of iron deficiency and anemia in chil-
dren with ECC, which results in discomfort and pain. Thus,
they have difficulty chewing iron-rich foods, which may
cause nutritional deficiencies, including low iron levels.
The dietary factors such as a high intake of beverages and
carbohydrates and low meat consumption decrease iron
levels and cause dental caries (24).

Tang et al. (40) and Shaoul et al. (27) reported a high
prevalence of IDA, due to bad eating habits, in children
with severe childhood caries. They found that altered food
habits could relieve pain and reduce IDA. Further, chronic
infections decrease Hb levels, which may contribute to ane-
mia (41).

Schroth et al. (18) reported that MCV and ferritin lev-
els were not significantly different between the groups (P

Iran | Pediatr. 2022; 32(4):e124071.

= 0.62 and P = 0.74, respectively), and children with S-
ECC had significantly lower mean hemoglobin levels than
controls. Shamsaddin et al. (30) also found no signifi-
cant differences between the case and control groups in
ferritin, MCV, and hemoglobin levels. Likewise, Nayak et
al. (32) showed that serum ferritin level was not signif-
icantly different between the case (children with dental
caries) and control (caries-free children) groups, whereas
the hemoglobin level was significantly lower in the case
group. However, Abed et al. (26) Shaoul et al. (27), and
Iranna Koppal et al. (28) indicated that hemoglobin, MCV,
and serum ferritin were significantly lower in the case
group than in the control group.

Most studies (8, 26, 28-31) in this systematic review in-
cluded children below six years; in contrast, Nayak et al.
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Study name S for each study
Std diff  Standard Lower Upper
in means error Variance limit limit
Abed (2014) -1.308 0.189 0.036 -1.678 -0.938
Shaoul (2011) -1.049 0.275 0.076 -1.589 -0.510
Schroth (2013) -0.219 0.123 0015 -0.461 0.023
Bansal (2016) -1.456 0.290 0.084 -2.025 -0.887
Shamsaddin (2016) -0.176 0.136 0.018 -0.443 0.090
-0.807 0.270 0.073 -1.336 -0.279

Std diff in means and 95% CI

Z-Value p-Value

6.922  0.000 B
3810  0.000 s B
773 0.076

5.013  0.000 o
1296 0.195

2996  0.003 ‘

-4.00 -2.00 0.00 4.00

MCV is lower in cases  MCV is higher in cases

Figure 4. Forest plot of mean corpuscular volume (MCV)

(32) evaluated 5 to 12-year-old children, and Shaoul et al.
(27) included children aged 3 - 18 years. However, all stud-
ies compared two groups with and without dental caries in
terms of blood parameters. Some studies in the systematic
review recruited children with ECC (26, 32, 33), and others
included children with severe ECC (18, 27, 30, 31). Nayak et
al. (32) recruited children with DMFT > 0 in the case group.
However, all studies recruited caries-free children in their
control groups.

Gurunathan etal. (23)and Folayan etal. (24),in their re-
view articles, examined the association between iron defi-
ciency anemia and dental caries in children. However, they
did not statistically analyze the results of the studies but
examined the results qualitatively. Gurunathan et al. (23)
showed that children with S-ECC had significantly higher
odds of IDA, while Folayan et al. (24) indicated thatanemia
had an inverse relationship with ECC.

Anemia may not be directly caused by ECC but may be
induced by elevated milk consumption in early childhood.
Due to the discrepancies in the results of the studies, the
present study meta-analyzed the case-control studies to ob-
tain more reliable results. This systematic review showed
that children with dental caries had significantly higher
odds of hemoglobin, ferritin, and MCV levels and IDA than
caries-free controls. Dentists and primary care providers
should know about this oral-systemic relationship. There-
fore, dentists and doctors should consider dental caries a
risk factor for anemia while treating young children. Doc-
tors should know that nutritional deficiencies are proba-
bly followed by dental caries, which may be presentin their
patients. Dentists should also know that children with
dental caries are at risk of developing nutritional deficien-
cies that may influence their long-term health.

On the one hand, the long-term consumption of milk
and milk bottles for more than two years can expose chil-
dren to ECC and malnutrition because they do not take
enough iron and other nutrients. Hence, ECC, iron defi-
ciency, and other nutritional complications are more likely
to occur in this group of children (42, 43). Multiple den-
tal caries make it difficult for children to chew foods, espe-
cially meat, which reduces the absorption of nutrients in
the intestine. As a result, children tend to consume sugary
drinks to create a feeling of satiety to avoid meat and sub-
stances containing iron (34, 44). Dietary factors inducing
iron deficiency (high beverage and low meat intake) can
also anticipate dental caries (19). In the end, whether caries
causes IDA or IDA results in caries in children remains un-
clear, indicating the need for further cohort studies with
larger sample sizes among various communities.

5.1. Conclusions

Iron deficiency anemia was more prevalent in chil-
dren with dental caries. Hemoglobin, MCV, and serum fer-
ritin levels are lower in children with dental caries than
in caries-free ones. Further high-quality research is recom-
mended to gain a better insight into the association be-
tween dental caries and IDA in children.
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