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Abstract
Protein-energy malnutrition occurs when there are deficiencies in protein, energy foods or both,
relative to a body's needs. This paper reviews the association of early childhood malnutrition with:
(1) dental caries, (2) enamel hypoplasia, (3) salivary gland hypofunction, and (4) delayed eruption.
Studies suggest that caries of the primary dentition is associated with early childhood malnutrition,
though the effect on caries of the permanent dentition has essentially not been studied. Enamel
hypoplasia, salivary glandular hypofunction and saliva compositional changes may be mechanisms
through which malnutrition is associated with caries, while altered eruption timing may create a
challenge in the analysis of age specific caries rates.
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Protein-energy malnutrition (PEM) occurs when there are deficiencies in protein, energy foods
or both, relative to a body's needs [Shils et al., 1999]. ‘Dietary energy and protein deficiencies
usually occur together’ [Shils et al., 1999]. Mild PEM has an acute course and has a main
deficiency in energy; moderate PEM is chronic in nature and has a main deficiency in protein,
while severe PEM is both chronic and acute, and is composed of deficiencies in both protein
and energy [Shils et al., 1999]. PEM can be viewed as universally similar in its clinical
manifestations in terms of its relative protein and energy contributions for a given frequency
and magnitude of the deficiencies.

However, PEM during the first 5 years of life cannot be viewed solely in terms of nutritional
intake. ‘[Malnutrition] refers to the syndrome of inadequate intakes of protein, energy, and
micronutrients, combined with frequent infections’ [Semba and Bloem, 2001]. Over a third of
the world's children are affected by PEM [Onis et al., 2001], which results in a lower resistance
to diseases [WHO,1996]. Of over 13 million annual childhood deaths, it has been estimated
that more than one half are associated with PEM, and that three quarters of these deaths are in
children with only mild to moderate PEM [UNICEF, 1995].

PEM, while generally considered a health problem in developing countries, is not rare in
developed countries. A 1% prevalence of frank malnutrition in children under 5 years old
(almost 200,000 children) is reported for the US [Census Bureau, 2001; UNICEF, 1999]. Ten
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percent of US households report food insecurity with 3% classified as severe insecurity
(insecurity defined as not always having access to enough food for a healthy life, severe
insecurity as experiencing hunger) [USDA, 2000], with poor nutrition disproportionately
concentrated in citizens that are African-American, poor and less educated [Bowman et al.,
1998]. Reports of underweight and stunted children, a result of inadequate nutrition, range
from 3.3 through 21% for various US regions and populations [Carvalho et al., 2001; Crooks,
1999; Wiecha and Casey, 1994]. Thus, scientifically sound studies of malnutrition and health
outcomes, particularly those that distinguish a gradient of nutritional levels, have direct and
immediate applicability to the health of children worldwide.

In order to consider oral outcomes possibly associated with PEM, a brief synopsis of caries
biology, based on the excellent review of Seow [1998], is presented. Biological factors of caries
are: (1) cariogenic bacteria in a complex ecological system (plaque); (2) fermentable
carbohydrates, and (3) host factors. Cariogenic bacteria produce acid using fermentable
carbohydrates that demineralizes the tooth. Base-producing bacteria and remineralizing
activity may modify or counter the produced acid effects. However, more pertinent in terms
of PEM are the host factors associated with caries, specifically tooth defects and the salivary
system.

Tooth defects of interest are external structural defects (hypoplasia) that can provide a more
cariogenic environmental niche and less protective enamel and defects that include
hypomineralization and might increase susceptibility to demineralization. Salivary flow rates
are related to caries directly through oral clearance and in terms of buffering capacity and
antimicrobial components. Salivary buffering is mediated by the carbonate-bicarbonate
system, as well as phosphate and protein systems. Salivary antimicrobial activities include both
an effect on microbial adhesion and colonization of the tooth surface, and specific antimicrobial
proteins. These proteins include lysozyme, lactoferrin, peroxidase enzymes, and histidine-rich
proteins. Further, components of saliva such as mucins, glycoproteins, fibronectin, β2-
macroglobulin, lysozyme and s-IgA may agglutinate bacteria and aid in their clearance.
Additionally, although salivary and crevicular immunoglobulins are present, little is known of
their effective anticaries activities.

This paper reviews the literature on the association of early childhood malnutrition with dental
caries, as well as the evidence that enamel hypoplasia and salivary gland hypofunction may be
underlying explanatory mechanisms for the effect of PEM on dental caries. Further, this paper
reviews the literature on altered eruption timing as a potential confounding or explanatory
variable in the relationship between PEM and dental caries.

Methods
The Medline database was searched for English-language articles, published over the period
1966-2003 for the topics of malnutrition, PEM, caries, enamel hypoplasia, tooth eruption, oral,
dental, and saliva/salivary function. Hand searching was additionally conducted from the
citations of the identified reports. The intent of this literature search was to identify and review
the analytic reports of malnutrition and dentition and salivary outcomes and include all peer-
reviewed epidemiological and supporting animal scientific articles in this review.

Results
Dental Caries

Experimental investigations in rats of associations between PEM and dental caries have
demonstrated increased caries levels with both pre- and postnatal nutritional deficiencies
[Harris and Navia, 1980; Johansson et al., 1985; Menaker and Navia, 1973a; Shaw and
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Griffiths, 1963]. Menaker and Navia [1973a] showed this association to be with protein rather
than caloric malnutrition, while Harris and Navia [1980] showed increased caries in vitamin
A-deficient rats. A mechanism for this increased caries susceptibility was hypothesized to be
through increased enamel solubility [Aponte-Merced and Navia, 1980].

Several studies in Guatemala [Infante and Gillespie, 1976, 1977; Sweeney and Guzman,
1966; Sweeney et al., 1971] and one among Thai children [Kanchanakamol et al., 1996], taken
in aggregate, have suggested positive relationships between malnutrition, enamel hypoplasia
and primary dentition caries. A few other studies have provided more direct evidence of a
PEM-primary dentition caries association. Three cross-sectional studies showed increased
primary dentition caries levels in stunted children [Alvarez et al., 1988; Cleaton-Jones et al.,
2000; Li et al., 1996], and two additional cross-sectional studies have shown this increase in
primary dentition caries to be associated with wasted, and wasted and stunted children [Alvarez
et al., 1990; Cleaton-Jones et al., 2000]. Two of these studies accounted for confounding due
to the delayed eruption of primary teeth in malnourished children [Alvarez et al., 1988,
1990]; while no study adequately controlled for other possible confounding variables, e.g.,
sugar consumption, with the exception of Li et al. [1996].

A longitudinal study in Peru, adjusting for delayed eruption through the comparison of peak
caries levels, suggested that a single, prolonged, mild to moderate malnutrition episode in the
first year of life may result in higher primary dentition caries rates, an increase in permanent
dentition caries and that the caries risk may be mediated by means other than enamel hypoplasia
[Alvarez et al., 1993, 1995]. This study provides the sole evidence of a relationship between
early childhood PEM and permanent dentition caries.

Enamel Hypoplasia (EH)
Epidemiological studies have suggested associations between caries, enamel hypoplasia and
PEM [Enwonwu, 1973; Infante and Gillespie, 1977; Kanchanakamol et al., 1996; Li et al.,
1996; Matee et al., 1992; Pascoe and Seow, 1994; Sweeney and Guzman, 1966; Sweeney et
al., 1971]. The reported EH association with increased caries suggested a pathway between
malnutrition and dental caries. However, study designs, primarily cross-sectional, limit the
strength of this evidence for both the primary and permanent dentition.

The geographic distribution of EH is worldwide in developing nations [Jontell and Linde,
1986] and is associated with lower socioeconomic status [Enwonwu, 1973; Sweeney et al.,
1971]. Goodman et al. [1991] reported 15-70% prevalence of permanent anterior dentition EH
and found that the prevalence varies between specific teeth.

As classically described in the malnutrition-caries literature, EH is a lesion characterized by
hypoplastic grooves and/or pits in the enamel, often horizontal or linear in appearance. More
recently, the World Health Organization (WHO) has defined diagnostic criteria expanding this
case definition to include enamel opacities [WHO, 1997] and detailed discussions of these
criteria have been published [Clarkson and O'Mullane, 1989].

Suckling et al. [1983] demonstrated an association between EH and both micronutrient and
general malnutrition. These investigators induced a nutritional disorder in sheep by the
introduction of nematode parasites and demonstrated a relationship between the timing of the
malnutrition and the location of the enamel hypoplastic lesion, suggesting a correspondence
between the timing of the malnutrition and the disruption of enamel maturation and
development. Experiments using rats have shown no EH and protein deficiency relationship,
but a demonstrated non-EH alteration of rat surface enamel has been observed [Aponte-Merced
and Navia, 1980]. Enamel alterations in animal models have also been observed for vitamin
A [Mellanby, 1942], vitamin D, and calcium deficiencies [Jontell and Linde, 1986].

Psoter et al. Page 3

Caries Res. Author manuscript; available in PMC 2006 February 9.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Human studies have observed an association between early childhood malnutrition and EH in
primary teeth using various study designs, mostly cross-sectional [Goodman and Armelagos,
1985; Goodman et al., 1991; Infante and Gillespie, 1977; Matee et al., 1992, 1994; May et al.,
1993; Nikiforuk and Fraser, 1981; Schamschula et al., 1980; Sweeney and Guzman, 1966;
Sweeney et al., 1969, 1971]. These studies have generally been limited in their analyses, having
little if any ability to control for confounding. For example, three of these reports also describe
EH in the permanent dentition, but used supplementation given to mothers or socioeconomic
status as a proxy for malnutrition. Further, these studies have largely defined EH as hypoplastic
grooves and/or pits in the enamel or do not distinguish between structural lesion and
developmental enamel opacities. Notably, Rugg-Gunn et al. [1998] found concurrent
malnutrition in 2- to 6-year-old Saudi males associated with both case definitions of EH
(structural and opacities), while controlling for a variety of potential confounders. Only this
report and that of Li et al. [1996] utilized multivariate modeling to control for possible
confounders such as low birth weight.

Sweeney et al. [1969] suggested an association between infectious disease in the first 35 days
of life and EH of primary teeth. Using their data, we have computed an odds ratio (OR) for EH
of 3.3 (CI 1.05, 10.5) for those children with an infection in the first 35 days of life. This OR
is reduced slightly to 2.9 when controlled for birth prematurity. This finding suggests either a
direct effect of infections on EH, possibly through febrile responses, or an indirect effect, i.e.
infections being markers for malnutrition rather than an etiological risk factor for EH.

In simple terms, EH has been associated with caries development as it may provide a
mechanical nidus for bacteria and food [Infante and Gillespie, 1977; Kanchanakamol et al.,
1996; Li et al., 1996; Matee et al., 1992, 1994; Schamschula et al., 1980; Sweeney and Guzman,
1966; Sweeney et al., 1971]. This external EH may reflect and/or be a marker for tooth external
and/or internal hypomineralization or alterations in enamel composition; EH is observed in
studies of neonatal calcium homeostasis disorders, as subjects with these disorders have
demonstrated an association with EH [Jontell and Linde, 1986]. However, no studies of
malnutrition-associated hypoplasia/hypomineralization structural or chemical properties in
humans have been reported, in fact ‘little is known of the microscopic structure of teeth with
developmental defects’ [Fearne et al., 2004]. Inference regarding such properties can be made
from two laboratory studies by Fearne et al. One study, a three-dimensional X-ray microscopic
study of ‘idiopathic enamel hypoplasia’, found a 20% decrease in mineralization of both
structural and opacity hypoplastic enamels that extended throughout the depth of the enamel
[Fearne et al., 2004]. An earlier study had reported a 10% decrease in mineralization in primary
dentition developmental defects of low birth weight children [Fearne et al., 1994]. As noted
by Aoba [2004], the extent of mineralization of enamel affects its solubility in an acid
environment, and suggests another mechanism other than a structural bacterial niche, for any
association between enamel hypoplasia and caries. A recent comprehensive review on the
demineralization-remineralization of teeth published by Robinson et al. [2000] may be of
interest for further background information.

In summary, animal studies suggest nutritional deficiencies as a mechanism to explain EH,
demonstrating that both general and specific nutritional deficiencies can cause enamel
alteration. In humans malnutrition in early childhood is associated with EH of the primary
dentition both of the classic, structural hypoplasia and with more limited evidence, for enamel
opacities; there is weaker support for an EH association with the permanent dentition due to a
limited number of studies, potential malnutrition misclassification and confounding. The few
studies of EH properties, and those of hypoplasia/hypomineralization not associated with
known nutritional deficiencies in humans, suggest a decreased mineralization surface and
subsurface of enamel affected by PEM.
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Salivary Gland Hypofunction
Salivary gland hypofunction may be defined by decreased saliva flow rate, decreased buffering
capacity, and decreased salivary constituents, particularly proteins. In general, animal studies
support an association between PEM and salivary hypofunction [Deichtman et al., 1980;
Johansson et al., 1985; Menaker and Navia, 1973b, 1974; Watson and Antal, 1980; Winick
and Noble, 1966]. In aggregate, these studies report decreased submandibular gland weight,
saliva flow, and salivary proteins in mal-nourished animals.

Johansson et al. [1985] reported that in rats total protein, lysozyme, lactoperoxidase and
immunoglobulins were all depressed under conditions of malnutrition. There are a limited
number of studies investigating malnutrition and salivary hypofunction in humans [Agarwal
et al., 1984; Azzopardi and Watson, 1986; Johansson et al., 1984, 1992, 1994; McMurry et al.,
1977]. An early study by McMurry et al. [1977] indicated that malnourished children in
Colombia had a markedly reduced rate of salivary secretion and of IgA in both saliva and tears.
A subsequent study by Agarwal et al. [1984] found that among a sample of Indian children the
salivary protective constituents including overall protein levels and specifically amylase,
lysozyme, and immunoglobulins displayed a dose-response pattern with PEM. Azzopardi and
Watson [1986] found that Gambian children had significantly lower salivary IgA than
comparable British children and attributed the differences to malnutrition among the Gambian
children. A later investigation by Johansson et al. [1992] linked malnutrition in children with
reduced stimulated salivary flow rate, buffering capacity, and caries incidence, but observed
that resting salivary flow rate was not affected. These findings were supported and expanded
in a latter study that found Indian children with moderate to severe PEM had a reduced salivary
secretion rate, reduced buffering capacity, lower calcium, and lower protein secretion in
stimulated saliva, and reduced agglutinating defense factors in unstimulated saliva than Indian
children with no or mild PEM [Johansson et al., 1994].

These studies, albeit in small groups of children, clearly indicate the possibility of a link
between PEM, salivary flow rates, buffering capacity and the protein composition/content of
saliva. This reduced function may increase caries risk and offers a mechanism that may partially
explain an association of caries with PEM.

Altered Eruption Timing
The importance of altered eruption timing of the teeth is that an advanced or delayed eruption
would increase or decrease, respectively, the age-specific exposure time to cariogenic
conditions, so age-specific caries rates may be confounded by altered eruption. An association
of delayed eruption with malnutrition has been observed in rats fed protein- or protein- and
calorie-deficient diets [DiOrio et al., 1973; Shaw and Griffiths, 1963]. Delayed eruption of
deciduous teeth in humans was observed in twelve cross-sectional studies and two concurrent
cohort studies [Alvarez et al., 1988, 1990, 1995; Barrett and Brown, 1966; el Lozy et al.,
1975; Enwonwu, 1973; Kanawati and McLaren, 1973; McGregor et al., 1968; Mukherjee,
1973; Neil et al., 1973; Rami Reddy et al., 1986; Sweeney and Guzman, 1966; Toverud,
1956; Visweswara et al., 1973]. In contrast, three other cross-sectional studies and one
concurrent cohort study found little to no association of eruption times of primary teeth with
malnutrition [Delgado et al., 1975; Rami Reddy, 1981; Robinow, 1973; Truswell and Hansen,
1973].

Only two studies of early childhood malnutrition have recorded eruption times of permanent
teeth and they report conflicting results, one reporting advanced eruption of the permanent
incisors and first molars, the other finding no difference in eruption ages [Alvarez, 1995;
Toverud, 1956]. The overall picture is of a likely association between malnutrition and delayed
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eruption of primary teeth but no firm association between early childhood malnutrition and the
age of eruption of the permanent teeth.

Conclusion
Primary dentition caries has been associated with early childhood malnutrition, though an
effect on permanent dentition caries is as yet not established because of the small number of
scientific studies. Investigations of PEM and the primary dentition need to take delayed
eruption into account and studies of PEM and the permanent dentition need to be cognizant of
possible altered eruption timing of the permanent teeth, which create a challenge in the analysis
of age-specific caries rates.

Although the majority of the studies we report here consider few confounders, investigations
of PEM and both EH and salivary hypofunction suggest a possible biological mechanism for
a PEM-caries association. Reports provide a significant body of evidence associating early
childhood PEM and external EH in the primary dentition, though the association with the
permanent teeth is less substantiated. Internal and subclinical hypoplasia is hypothesized but
not reported in regards to PEM-associated enamel defects. External EH/hypomineralization
may create a surface that is more retentive to a pathogenic microbial flora, and there is some
indirect evidence that any hypoplasia/hypomineralization may be structurally more susceptible
to demineralization. Though studies are limited in number, changes in salivary flow, buffering
and composition have been consistently reported to be associated with PEM. However, human
studies have been cross-sectional and have not established a lasting PEM effect on salivary
function that some animal studies suggest. Further, whether any such salivary changes increase
caries susceptibility is unknown. The US National Institute of Dental and Craniofacial
Research Caries Consensus Conference's systematic review of the physical and chemical
aspects of saliva and dental caries reports that there is no convincing evidence of caries
associations with salivary small molecules, immunoglobulins or innate non-immunoglobulin
factors (primarily the proteins) [Leone and Oppenheim, 2001]. Thus, detailed PEM saliva
studies may provide evidence for an association of such salivary components with caries and
generate hypotheses on the interactions of the various protective mechanisms.

Overall, longitudinal studies of the oral outcomes associated with early childhood malnutrition
that control for known confounders and focused research on the detailed biological mechanisms
would benefit our scientific knowledge base and have broader applications in dentistry and
medicine.
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