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Abstract \
Backgrounds: Previous surveys have found that children with iron deficiency (ID) were likely to suffer from early childhood caries
(ECC). We aimed to assess the scientific evidence about whether ID is intrinsically related to ECC.

Methods: The medical subject headings (MeSH) terms and free words were searched on PubMed, Web of Science, Cochrane, China
National Knowledge Infrastructure, Wanfang, and the Database for Chinese Technical Periodicals from March 2020 to September
2020. Two researchers independently screened the articles. Data extraction and cross-checking were performed for the studies that
met the inclusion criteria. Meta-analysis was performed using the Cochrane Collaboration’s Review Manager 5.3 software.
Results: After excluding duplication and irrelevant literature, 12 case-control studies were included in the study. The meta-analysis
demonstrated that children with ECC were more likely to have ID (odds ratio [OR] =2.63, 95% confidence interval [CI]: [1.85,
3.73], P < 0.001). There was no statistically significant association found between the level of serum ferritin and ECC (weighted
mean difference (WMD) = —5.80, 95% CI: [-11.97, 0.37], P = 0.07). Children with ECC were more likely to have iron-deficiency
anemia (OR =2.74, 95% CI: [2.41,3.11], P < 0.001). The hemoglobin (HGB) levels in the ECC group were significantly lower
compared with that in the ECC-free group (WMD = —9.96, 95% CI: [-15.45, —4.46], P = 0.0004). The mean corpuscular volume
(MCV) levels in the ECC group were significantly lower compared with that in the ECC-free group (WMD = —3.72, 95% CL:
[—6.65, —0.79], P=0.01).

Conclusions: ID was more prevalent in children with ECC, and the markers of iron status in the ECC group, such as serum ferritin,
HGB, and MCV, were relatively lower than the ECC-free group.
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Introduction

Early childhood caries (ECC), affecting the primary tooth
of preschool children, is one of the most common chronic
diseases in childhood. Recently, clinical and epidemiologi-
cal surveys have found that children with iron deficiency
(ID) or iron deficiency anemia £IDA) were associated with
dental caries in childhood."*! Some studies have also
shown that children with caries have lower serum ferritin,
hemoglobin (HGB), and mean corguscular volume (MCV)
levels than caries-free children.!®*?! However, these studies
were performed with limited sample size or only
investigated the relationship between one or a few indexes
of iron status and ECC. In addition, it was reported that ID
was not significantly associated with the number of
decayed and filled surfaces or decayed and filled teeth.['3!
Therefore, we performed a systematic review and meta-
analysis to investigate the association between ID and ECC.
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Methods

The systematic review was registered in PROSPERO under
protocol number CRD42020215611.

Literature search strategy

The two data researchers carried on article retrieval from
March 2020 to September 2020, with the language of
Chinese and English. The suitable searching words
(medical suject headings [MeSH] terms and free words)
were indexed in the electronic databases of PubMed, Web
of Science, Cochrane, China National Knowledge Infra-
structure (CNKI), Wanfang, and the Database for Chinese
Technical Periodicals (VIP).

The MeSH terms used were “dental caries,” “preschool
child,” “infant,” and “iron deficiency.” The following
strategies were used to search in the PubMed: (“dental
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caries” [MeSH terms] OR (“dental” [all fields] AND
“caries” [all fields]) OR “dental caries” [all fields]) AND
((“infant” [MeSH terms] OR “infant” [all fields]) OR
((“child” [MeSH terms] OR “child” [all field] AND
“preschool” [all fields]) OR (“child” [MeSH terms] OR
“child” [all fields] OR “children ” [all fields])) AND (“iron
deficiency” [MeSH terms] OR (“anemia, iron deficiency”
[all fields] AND “iron-deficiency anemia” [all fields]) OR
“anemias, iron-deficiency” [all fields] OR “anemias, iron
deficiency” [all fields]). The similar search method (MeSH
terms and free words) was also applied in the other
electronic databases. If additional data and articles were
needed, we wrote e-mails to contact the corresponding
authors. References of included studies were checked to
find suitable articles.

Inclusion and exclusion criteria

Observational studies were included in this study if they
met the following criteria: (1) the study investigated the
relationship between ECC and ID or IDA; (2) the study
population consisted of children < 6 years old or preschool
children; (3) ID was defined in the studies or serum ferritin
levels were <30 wg/L without inflammation; IDA was
defined as two of the three abnormal blood tests
determining serum ferritin, HGB, and MCV or defined
in related articles;''¥ and (4) the primary outcomes
investigated between ECC and ECC-free groups were
the number of ID or IDA. If the number of ID or IDA did
not show in the studies, the corresponding indicators of
iron status, such as serum ferritin, HGB, and MCV, were
recorded with means with standard deviation (SD).

The exclusion criteria were: (1) no direct comparison
between ECC and ECC-free groups or no mention of the
proportion of ID or IDA in ECC and ECC-free groups; (2)
incomplete data; and (3) reviews, letters, abstracts, and
unpublished or inaccessible full-text articles.

Data extraction and quality assessment

The following information from the included literature was
collected and summarized by the two independent
researchers: first author, published year, country, age,
gender, sample size of case and control group, number of ID
or IDA kids in two groups, mean value of HGB, serum
ferritin, and MCV in two groups. Disagreements were
discussed with the senior authors and resolved by them. The
Newcastle-Ottawa scale was used for the assessment of
including articles’ quality. Studies with seven or more points
were considered to have high methodological quality.
Studies with four to six points were considered to have
medium methodological quality. Studies under three points
were considered to have low methodological quality. Two
reviewers assessed all these data, and dissents were settled by
discussion or consultation with a third author.

Statistical analysis

The meta-analysis was performed using Review Manager
5.3 (Cochrane Collaboration, Oxford, England) to analyze
the correlation between ID and ECC. A random-effects
model was used for meta-analysis to reduce the heteroge-
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neity when the I statistic was >50% or P value <0.10.
Sensitivity analyses were also adopted by eliminating
articles one by one to determine the heterogeneity. The
funnel plot was used to analyze whether there was
publication bias.

Results

Study characteristics

A total of 12 case-control studies published between 2002
and 2019 were included in this meta-analysis [Figure 1,
Supplementary Table 1, http:/links.lww.com/CM9/A735],
including four Indian articles, four Chinese articles, one
American article, one Canadian article, one Iran article, and
one Egyptian article. Ten studies included 9807 children
(5351 boys and 4456 girls), with additional 174 children in
the two studies of Iranna-Koppal et al®' and Jayakumar and
Gurunathan!”! that did not record gender data. Almost all
preschool children were aged <6 years except the study of
Lii ez al,"" ! involving children from 1 to 7 years old. There
were no apparent sex and age differences between ECC and
ECC-free groups in the following ten articles: Bansal ez al,"!
Abed et al,”” Deane et al,® He and Wei,'*! Gao,' Sadeghi
et al,'”! Guan et al,” Lii et al,'" Shamsaddin et al,'*! and
Ramos-Gomez et al.!'¥! The two studies, Iranna-Koppal
et al® and Jayakumar and Gurunathan,'” had not
provided single-gender or age information between ECC
and ECC-free groups. All included studies had excluded the
other diseases that may influence the index of ID or IDA by
questionnaire survey or medical records.

Risk of bias appraisal

Supplementary Table 2, http://links.lww.com/CM9/A735
shows the results of the qualit?f appraisal of the articles.
Only three studies, Bansal et al,'"! Abed et al,'*! and Deane
et al,®' received high-quality scores. Nine studies, He and
Wei,'¥ Gao,! Sadeghi et al,'”! Iranna-Koppal et al,'®
Guan et al,’”! Jayakumar and Gurunathan,'" Lii et al,f1 1
Shamsaddin er al,'*?! and Ramos-Gomez et al'®' had
medium-quality scores.

The proportion of ID between ECC and ECC-free groups

Eight articles described the relationship between ID and
ECC, including one article about ID, five articles about
IDA, and two articles about serum ferritin with <30 pg/L.
The heterogeneity was P = 0.04, I* = 55%, and a random-
effects model was used for meta-analysis. The results of the
meta-analysis suggested that children with ECC were more
likely to have ID (odds ratio [OR] =2.63, 95% confidence
interval [CI]: [1.85, 3.73]; P < 0.001) [Figure 21. After
eliminating the studies of Ramos-Gomez et al,''’! the
heterogeneity was P = 0.170, I? = 35%, showing statistical
significance (P < 0.001) [Figure 3].

Comparison of serum ferritin between ECC and ECC-free groups

Five of the 12 studies reported the serum ferritin presented
as mean with the SD. The heterogeneity was P =0.009,
I? =70%, and a random-effects model was used for meta-
analysis. The level of heterogeneity could not be minimized
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Records identified through database searching

PubMed n=62 CNKI n=35
Cochrane n=14 Wang Fang n=31 Additional records identified through
Web of Science n=137 VIP n=25 manual search n=2

| Studies identified through initial searches of electronic databases n=306 |

| Records after duplicates removed »n=184 ‘

Records excluded by title and abstract
=169

Records screened n=15 |

h‘ Records excluded through full-text »=3

Studies included in quantitative synthesis
(meta-analysis) n=12

Figure 1: Flowchart of studies identified, included, and excluded.
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Figure 2: Forest plot shows the meta-analysis outcomes of the correlation between ID and ECC. Cl: Confidence interval; ECC: Early childhood caries; ID: Iron deficiency; OR: Odds ratio.
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Figure 3: Forest plot shows the meta-analysis outcomes of the correlation between ID and ECC after sensitive analysis. Cl: Confidence interval; ECC: Early childhood caries; ID: Iron
deficiency; OR: Odds ratio.
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ECC ECC-free

Study or Subgro! Mean SD_Total Mean SD _Total Wei

Abed et al. 2014 3186 182 100 4096 211 50 235%
Deane et al 2018 291 184 144 302 174 122 284%
Iranna-Koppal et al., 2013 293 243 30 761 86.7 30 33%
Jayakumar et al, 2017 28.22 2065 79 374 242 35 19.0%
Shamsaddin etal 2017 3439 2493 159 3463 1916 83 258%
Total (95% Cl) 512 320 100.0%

Heterogeneity: Tau® = 30.08; Chi*= 13.43, df= 4 (P = 0.009); F=70%
Test for overall effect: Z=1.84 (P = 0.07)
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Figure 4: Forest plot shows the meta-analysis outcomes of the correlation between serum ferritin and ECC. CI: Confidence interval; ECC: Early childhood caries; SD: Standard deviation.
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Figure 5: Forest plot shows the meta-analysis outcomes of the correlation between IDA and ECC. CI: Confidence interval; ECC: Early childhood caries; IDA: Iron deficiency anemia; OR: Odds

ratio.
ECC ECCfree Mean Difference Mean Difference
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Guan etal 2014 111.37 871 111 11855 787 85 221% -7.18[-9.44,-4.92) -
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Total (95% CI) 544 380 100.0%  -9.96 [-15.45, -4.46] L 2
Heterogeneity: Tau®= 34.33; Chi*= 61.72, df= 4 (P < 0.00001); F= 94% Hoo o 5 100

Test for overall effect Z= 3.55 (P = 0.0004)
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Figure 6: Forest plot shows the meta-analysis outcomes of the correlation between HGB and ECC. CI: Confidence interval; ECC: Early childhood caries; HGB: Hemoglobin; SD: Standard

deviation.

<50% through sensitivity analysis. There was no statistically
significant association found between the level of serum
ferritin and ECC (weighted mean difference [WMD] = 5.80,
95% CI: [~11.97, 0.37], P = 0.07) [Figure 4].

The proportion of IDA in ECC and ECC-free groups

Five articles studied the correlation between IDA and ECC.
The heterogeneity was P=0.20, I=33%, and a fixed-
effect model was used for meta-analysis. The results of the
meta-analysis suggested that children with ECC were more
likely to have IDA (OR=2.74, 95% CI: [2.41, 3.11],
P < 0.001) [Figure 5].

HGB comparison between EGC and EGC-free groups

Five of the 12 studies reported the HGB level presented as
the mean with the SD. The heterogeneity was P = 0.00001,
I’ =94%, and a random-effect model was used for meta-
analysis. The level of heterogeneity could not be minimized

<50% through sensitivity analysis. The HGB levels in the
ECC group were significantly lower compared with that in
the ECC-free group (WMD =-9.96, 95% CI: [-15.45,
—4.46], P=0.0004) [Figure 6].

MCYV comparison between ECC and ECC-free groups

Five of the 12 studies reported the MCV level presented as
the mean with the SD. The heterogeneity was P =0.00001,
I’ =95%, and a random-effect model was used for meta-
analysis. The level of heterogeneity could not be minimized
<50% through sensitivity analysis. The MCV levels in the
ECC group were significantly lower compared with that in
the ECC-free group (WMD =-3.72, 95% CI: [—6.65,
—0.79], P=0.01) [Figure 7].

Analysis of publication bias

There were too few included literatures about the
relationship between ID and ECC, so funnel plots had
no obvious significance.
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Figure 7: Forest plot shows the meta-analysis outcomes of the correlation between MCV and ECC. Cl: Confidence interval; ECC: Early childhood caries; MCV: Mean corpuscular volume; SD:

Standard deviation.

Discussion

We analyzed 12 studies that used data of 9981 children
to investigate the association between ID and ECC. The
results of the meta-analysis suggested that children with
ECC were more likely to have ID. The level of
heterogeneity could be apparently reduced through
sensitive anal?fs1s of eliminating the study of Ramos-
Gomez et all'®!, That is probably because this study divided
the children into three groups: ECC, incipient lesions, and
ECC-free groups. Only ECC and ECC-free groups were
included in our investigation.

Iron storage in vivo in the form of serum ferritin is
gradually reduced during the period of ID. That may be the
reason why the serum ferritin in the ECC group was also at
lower levels compared with the ECC-free group. However,
serum ferritin is an acute-phase reactant, with high levels
present in an inflammatory state. The level of serum ferritin
was not different between the ECC and ECC-free - groups in
the studies of Deane ez al'*! and Shamsaddin ez all'?!, which
may be the source of high heterogeneity in this analysis.

Serum iron level as the important indicator of iron levels in
the body is dependent on hepcidin and is not related to iron
storage.!"*! Hepcidin is easily affected by inflammation, as
a result, reducing the level of serum iron. The correspond-
ing studies about the relationship between serum iron and
ECC were so few that we do not collect and analyze the
data.

We also found that children with ECC were more likely to
have IDA. ID goes through three complex phases to
become IDA: iron depletion, iron-deficient erythropoiesis,
and IDA.I"® In the third phase, red blood cells showed
small-cell changes, and serum ferritin, serum iron, HGB,
and MCV levels were decreased.!'”! Our results suggest
that the HGB levels in the ECC group were significantly
lower than those in the ECC-free group. The HGB
dlfference between the two gro Hs in the studies of Guan
et al”’ and Shamsaddin et al'*! was relatively small
compared with the other three studies. That may be the
source of high heterogeneity in this analysis. There were
two diagnostic criteria for IDA in this study, making the
result not entirely convincing. This study showed that the
level of MCV in the ECC group was significantly lower
than that in the ECC-free group. This is probably due to
MCV levels reduce in long-term ID or other kinds of

anemia."® In another case, IDA would not occur until the
iron of red blood cells or iron stores are fully exhausted, and
the MCV level may be normal in the earlier stages of IDA.

Two common risk factors between ECC and ID were
found in some studies: social-economic status and
malnutrition.'"”?" IDA under the age of 5 years accounted
for 41.7% worldwide,”?! mainly due to nutritional
deficiency.[*3! The limitations of economic conditions
could bring many children to the edge of malnutrition.
Eruption and replacement of primary teeth could be
delayed in chronic malnutrltlon cases, which may increase
the prevalence of ECC.**! However, we cannot Verlfy
that assumption due to missing background data in the
analyzed articles.

There are two assumptions to interpret the increased risk
of ECC when there is ID. The first theory is that salivary
gland function is often impaired in ID, influencing salivar ary
secretion and buffermg capacity vs. dental caries.!
Second, ferric ions in blood decrease during ID."?¢! Iron
has anti-caries characteristics: iron ions can inhibit the
activity of the virulence factor of Streptococcus mutans,
and iron ions can supplement the minerals dissolved in
the acidic environment by combining with calcium and
phosphate ions.*”8

A mutual relationship between ID and ECC was found,
which suggests that many children diagnosed with ECC
may have inflammation and necrosis in the pulp of their
primary teeth, and the agony and discomfort could change
their chewing habits, resulting in decreases in meat intake
and fruit fre yency, affectlng the intake and supplementa-
tion of iron.*’! This can lead to nutritional IDA. A study
suggested that the treatment of dental caries Would remove
or relieve the status of IDA with iron remedy.'®! This adds
to evidence that an association between ECC and IDA is
associated with nutritional status. A closer connection
between ID and ECC is found when children suffering
from IDA. The inflammatory response accompanied by
ECC can produce cell factors that could restrain the
productlon of HGB and further reduce the iron storage
levels.l

The present meta-analysis has the following limitations.
First, the criteria of ID diagnosis are inconsistent across
studies, and the severe stage of ID-IDA also does not have
a consistent norm. Second, the sample sizes varied widely
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between the different studies (from 60 to 6266). In
addition, the population of included article almost were
yellow race, and the subgroup analysis would analyze
specific indicators meaninglessly. Finally, the main study
strategy that used the method from effect to cause testified
that the ID was related to ECC, so it would be more
credible to carry out a study about the caries experience
between ID and ID-free groups.

Conclusions

ID was more prevalent in children with ECC, and the
markers of iron status in the ECC group, such as serum
ferritin, HGB, and MCV, were relatively lower than in the
ECC-free group.
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