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Abstract

The oral health condition of the older population worldwide is poor and, in most cases, severely
affected by dental caries. Caries alters oral function, interfering with the masticatory process,
which may compromise normal food intake. Additionally, malnutrition is common among older
adults. As a way to counteract this problem, a range of dietary supplements including milk-
based drinks fortified with different nutrients are commercially available. In Chile, as well as in
some countries of the world, these dietary supplements are part of public government
programs to improve the nutritional condition of the elderly. Dental caries has been currently
defined as a sugar-dependent disease and since the majority of dietary supplements possess a
high-sugar content, it is expected these products exert a negative impact on consumers' oral
health. In light of the above mentioned, the aim of this thesis was to determine the
cariogenicity of a Chilean milk-based drink intended for older adults on root dentin caries
development and the anti-caries effect of fluoride-supplemented milk-based drink. This thesis is
comprised of 4 studies: Study 1. An epidemiological study to determine the acceptability,
consumption habits and caries experience of older adults who have consumed the dairy
product for a prolonged period of time; Study 2. In-vitro determination of the cariogenic
potential of the milk-based drink, using a relevant biological experimental root dentin caries
biofilm model; Study 3. In-vitro determination of the cariogenic potential of fluoride-
supplemented dairy product and Study 4. in-situ determination of the anti-caries effect of
fluoride-supplemented milk-based drink under a high cariogenic condition. We found a
statistically higher DMFT index (85.35+39.0 and 77.28428.9; p=0.043), greater number of root
caries lesions as well as higher Root Caries Index (p=0.02) in milk-based drink consumers
compared to non-consumers, respectively. The milk-based drink showed higher acidogenicity
and cariogenic potential against root dentin in comparison to whole of low-fat containing milk,
being the cariogenicity increased by adding sucrose to the formulation. However, the
supplementation of milk-based drink with 5, 10 or 20 ppmF led to a dose-response decrease on
its acidogenicity, being the lowest cariogenicity found under >5 ppmF. In situ dentin
demineralization under high cariogenic condition was reduced in the presence of 5 ppmF or 10
ppmF-supplemented milk-based drinks in a dose-dependent manner. The general conclusions
of this research are: a. Daily consumption of the milk product distributed by the supplementary
feeding program of the Chilean government for the elderly is related to an increased risk of
developing root caries lesions; b. By using a root caries experimental model, milk-based drink
shows a cariogenic potential for root caries development; c. Small amounts of fluoride (5 and
10 ppm) added to milk-based drink were able to lower its cariogenicity both in vitro and in situ.

Keywords: root caries, fluoride, milk, fluoridated milk



Resumo

A condicdo de saude oral da populacdo idosa em todo o mundo é precdria e, na maioria dos
casos, gravemente afectado pela carie dentaria. A carie altera a fungdo oral, interferindo com o
processo mastigatdrio, o que pode comprometer a ingestdo normal de alimentos. Além disso, a
malnutricdao é comum entre os idosos. Como forma de neutralizar este problema, uma gama de
suplementos alimentares esta comercialmente disponivel, incluindo bebidas a base de leite
fortificadas com diferentes nutrientes. No Chile, bem como em alguns paises, estes
suplementos alimentares fazem parte de programas publicos governamentais destinados a
melhorar a condigdo nutricional dos idosos. A carie dentdria foi atualmente definida como uma
doenca dependente do acucar e, dado que a maioria dos suplementos alimentares possui um
elevado teor de agucar, espera-se que estes produtos tenham um impacto negativo na saude
oral dos consumidores. Baseado nestas observagdes, o objetivo desta tese é determinar a
cariogenicidade de uma bebida chilena a base de leite destinada a idosos no desenvolvimento
de carie radicular e o efeito anti-carie desta bebida a base de leite através adigdo de fluor. Esta
tese é composta por 4 estudos: Estudo 1. Um estudo epidemiolégico para determinar a
aceitabilidade, habitos de consumo e experiéncia de cdrie de idosos que consumiram o produto
lacteo durante um longo periodo de tempo; Estudo 2. Determinagao in vitro do potencial
cariogénico da bebida a base de leite, utilizando um modelo experimental in vitro carie dentina
radicular; Estudo 3. Determinagdo in vitro do potencial cariogénico do produto lacteo com
adicao de fluor e Estudo 4. Determinagao in situ do efeito anti-cariogénico da bebida a base de
leite com adicdo de fllor em condicdes de elevada cariogenicidade. Foi observado um indice
CPOD estatisticamente mais elevado (85.3+39.0 e 77.284+28.9; p=0,043), um maior numero de
lesGes das carie radicular, bem como um indice de cérie radicular mais elevado (p=0,02) nos
consumidores de bebidas a base de leite em comparacdo com os ndao consumidores,
respectivamente. A bebida a base de leite apresentou maior acidogenicidade e potencial
cariogénico na dentina radicular em comparagao com leite desnatado com baixo teor de
gordura, e a adicdo de sacarose a formulacdo aumentou a cariogenicidade do produto. No
entanto, a suplementagao do produto a base de leite com 5, 10 ou 20 ppmF resultou em uma
diminui¢ao diretamente proporcional da acidogenicidade sendo a cariogenicidade mais baixa
encontrada abaixo de 10 ppmF. A desmineralizagdo in situ da dentina em condigdes
cariogénicas elevadas foi reduzida na presencga de bebidas a base de leite com suplementagao
de 5 ppmF ou 10 ppmF, de forma dose-dependente. As conclusdes gerais desta investigagao
sdo: a. O consumo didrio do produto lacteo distribuido pelo programa de alimentacao
complementar do governo chileno para os idosos esta relacionado com um risco acrescido de
desenvolvimento de lesdes de cdrie radicular; b. Ao utilizar um modelo experimental de cérie
radicular, a bebida a base de leite apresenta potencial cariogénico para o desenvolvimento de
carie radicular; c. Pequenas quantidades de fluor (5 e 10 ppm) adicionadas a bebida a base de
leite foram capazes de diminuir a sua cariogenicidade tanto in vitro como in situ.

Palavras-chave: carie radicular, flaor, leite, leite fluoretado.



Introduction

The world population is rapidly aging. In addition to the growing number of older adults
worldwide, malnutrition in this age group represents an important and complex challenge
(Pepersack 2009). According to the World Health Organization (WHQO), the term malnutrition
covers two groups of conditions that are both related to the lack of and the excess of nutrient
consumption. While the excess of nutrient intake is associated to "overweight" and "obesity",

the lack of nutrient consumption is associated to "undernourished" or "malnourished".
According to reports from different parts of the world, malnutrition among older adults could
affect up to 50% or more of the subjects belonging to this population group. The evidence
indicates that an inadequate nutritional status is related to the presence of critical systemic or
degenerative diseases since the nutritional status of a subject is an important modulator of the
physical and physiological changes that happen over time. Specially during aging, poor
nutritional status is directly associated with frailty that increases the risk of suffering geriatric
syndromes, such as falls, fractures, depression, muscle fatigue, functional impairment and

depressed immunity, among others (Morillas et al. 2006).

In addition to a detrimental nutritional status, the elderly population is also affected by
dental caries, which is the main cause of tooth loss (Sugihara et al. 2010). Root surfaces are
naturally exposed to oral environment due to aging. The exposed roots are the site where root
caries start (Ekstrand et al. 2008). A very thin and sometimes non-existent layer of cement
covers the dentine of the root surface. Since root dentin has a higher content of organic matrix
in relation to the enamel, it is believed to be more susceptible to rapid demineralization due to
the action of the acids originated by the biofilm in response to the metabolism of fermentable
carbohydrates. For demineralization to occur in enamel, a pH decrease to 5.5 is necessary,
meanwhile only a slight decrease in the normal local pH in dentin (under 6.7) is enough to start
caries lesion (Hoppenbrouwers et al. 1987).

Dental caries negatively compromises the quality of life of people in many aspects,
including functional masticatory capacity (Ledn et al. 2014). Tooth loss may predispose to loss
of functionality, which has been associated with a restriction in the variety and consistency of
ingested food. Indeed, tooth loss impairs the consumption of hard foods and intense chewing,
precluding the intake of foods rich in fiber, such as raw fruits and vegetables (Castrejon-Pérez
and Borges-Yafiez 2014). In general, the diet of the elderly contains low amount of
micronutrients (calcium, iodine, vitamin B2, zinc, phosphorus, and vitamin B12) (Rakicioglu et
al. 2015) but high amount in carbohydrates (Boirie et al. 2014; van Staveren and de Groot
2011); a situation that is observed in many countries around the world.



In response to this unfavorable nutritional scenario, some food supplements for elderly
people are commercially available aiming to provide some additional intake of adequate
nutrients. The commercial presentation of most of these nutritional supplements is a dairy
drink, easy to prepare or ready to drink, and widely accepted by the consumer. Within those
supplements, a dairy product intends to be consumed by elderly is available in Chile presenting
the following composition: about 16 - 18% proteins; 10 - 14% fat and 50 - 60% carbohydrates.
Interestingly, this dairy product contains significant amounts of sugars (20 to 36%) that may be
associated to caries development. Similar products are marketed internationally, in different
presentations and are accompanied by powerful advertising campaigns that support and direct
their choice as safe and highly necessary supplements for a healthy diet. However, the potential
health risks derived from their consumption are often omitted.

Currently and based on the available evidence, we can emphatically point out that the
sugars in the diet are the determining factor for the development of dental caries (Sheiham and
James 2015). According to international health-related guidelines, an adult must eat less than
10% of his daily caloric intake as free sugars (OMS 2015c). This recommendation might both
avoid a potential negative effect on systemic health and also on oral health (Moynihan and
Kelly 2014). It is important to mention that the worldwide leading nutritional supplements for
older adults available on the market, contribute significantly to the daily caloric load of
consumers, based only on their high sugar content (Popkin 2006). According to this, it is
reasonable to assume that these food supplements, widely distributed without any control or
prescription, could present a risk in terms of the oral health of the subjects who consumes
them regularly.

It has been demonstrated that regular consumption of milk in adults and older people is
positively associated with health outcomes. For example, the use of whole milk has been
associated with diabetes control (Yakoob et al. 2016), normal body weight (Vanderhout et al.
2016), reduced risk of ischemic stroke (Elwood et al. 2005), lower risk of coronary disease
(Steinmetz et al. 1994) and protection against some types of cancer (Prentice 2014). Although
worldwide consumption of milk and dairy products is below the international recommendation
for daily intake, older adults along with children are its main consumers (Singh et al. 2015).

In this context, some epidemiological studies have shown that regular milk consumption
is associated with a low caries experience (Merritt et al. 2006; Petridou et al. 1996). According
to different authors, some components of this drink such as: calcium, phosphate and fat would
have anti-caries properties (Bowen and Pearson 1993; Harper et al. 1987; Slomiany et al. 1986).
In addition, some of the proteins contained in milk, such as casein, albumin, lactoferrin and
lysozyme, have demonstrated antimicrobial activity (Aimutis 2004; Johansson and Lif Holgerson



2011). In vitro studies have shown that milk has a low cariogenic potential (Bowen and Pearson
1993; Giacaman 2014; Johansson and Lif Holgerson 2011). Different authors, indicate that some
components of milk, could impair the adhesion of cariogenic species to tooth surface,
encourage adhesion of commensal microorganisms, decrease production of extracellular
polysaccharides promote remineralization and reduce bacterial acid production (Johansson and
Lif Holgerson 2011; Vacca-Smith et al. 1994). Despite these findings, further evidence, obtained
from randomized clinical trials or systematic reviews, is needed to establish whether regular
consumption of milk effectively provides a protective effect against dental caries.

At community level, for more than 50 years, the use of fluoride has been an effective
tool for the control of dental caries. In view of the demineralization of the hard tissues of the
tooth due to the production of acids by the biofilm, the presence of this ion in the
microenvironment promotes the precipitation of minerals on the dental structure decreasing
the demineralization and enhancing the remineralization of the dental substrate (Tenuta and
Cury 2010). At the community-level, the addition of low concentrations of fluoride to drinking
water was the first attempt to control dental caries development (Buzalaf et al. 2011). Initial
epidemiologic studies showed that the use of fluoridated water reduced the number of caries
lesions in children by as much as 60% and in permanent adult teeth nearly 35% (Peckham and
Awofeso 2014). Today, studies prove water fluoridation continues to be effective in reducing
tooth decay by 20-40% (Evans et al. 1995). Based on this benefit, in regions where it is difficult
to implement the incorporation of fluoride into water, the consumption of fluoride-
supplemented foods seems appealing. Thus, fluoridated salt, milk, sugar, bread and even
cereals were proposed and used as sources of this element. Currently, evidence of the
effectiveness of food fluoridation in the prevention of caries is scarce and inconclusive (Cagetti
et al. 2012). Moreover, most studies have been conducted in children or adolescents.

Fluoride supplementation of milk has been a focus of interest for many years, since milk
is an important part of the regular diet in children (Yeung et al. 2005). Since it was proposed
(Ziegler 1953) and because of its ability to decrease the occurrence of caries lesions, milk
fluoridation has been suggested for community-based caries prevention programs. Currently,
clinical studies conducted in children and adolescents have shown that the regular consumption
of milk supplemented with fluoride is an effective preventive measure for the onset of dental
caries (Bandczy et al. 2013). According to these reports, daily consumption of a portion of milk
supplemented with fluoride concentrations ranging from 0.5 to 7 ppm determines a decrease in
dmft/DMFT rates of up to 69 to 89% respectively (Bian et al. 2003; Pakhomov et al. 1995).
When the implementation of these programs ends, and therefore the consumption of
fluoridated milk ceases, the positive effect in terms of reducing the incidence of tooth decay
disappears (Marifio et al. 2004). Along with this positive effect in the reduction of the caries



experience, there is evidence supporting the fluoridation of milk as a safe and low-cost public
health measure (Bandczy et al. 2013). In fact, milk fluoridation schemes already exist in several
countries like Bulgaria, Chile, China, Peru, the Russian Federation, Thailand and the United
Kingdom. In contrast to this, there is no evidence about its effect in older adults.

Considering the broad consumption of milk and dairy products among older adults,
fluoride supplementation of this type of food could bring an important benefit in terms of
improving oral health status. Strategically, modifying a dairy product for older adults might be
cost-effective with minimal risks to the subject's systemic health. Clinical and laboratory
experiments, which analyze the cariogenicity or remineralizing capacity of fluoride in this food
vehicle, show its high effectiveness in doses as low as 2.5 ppm (lvancakova et al. 2003;
Malinowski et al. 2012).

This thesis aims to study the potential cariogenicity of the dairy product available in
Chile, as part of the Supplementary Feeding Program for the Elderly due to its high inherent
sugar content. Additionally, it aims also to evaluate the anti-caries effect achieved by its
supplementation with low doses of fluoride.



Research Questions

Is the Chilean dairy product, part of the Supplementary Feeding Program for the Elderly,
cariogenic for root surface?

Can the supplementation of this dairy product with sodium fluoride control the demineralization
of root dentin?

Objectives

Objective 1 - To determine the cariogenicity of the milk-based drink delivered by the
Complementary Food Program for the Elderly (PACAM) on root dentin.

Study 1. Caries experience in elderly people consuming a milk-based drink nutritional
supplement - a cross sectional study

Study 2. Cariogenicity of a milk-based drink used as dietary supplement for Older Adults, on a
root caries experimental model.

Objective 2 - To assess the caries-inhibitory effect of fluoridated milk-based drink on root
dentin.

Study 3. Anti-caries effect of fluoridated milk-based drink consumed by older adults on an in
vitro root caries experimental model

Study 4. In situ effect of fluoridated milk-based drink on root caries development under a high
cariogenic condition



Perguntas de Pesquisa

O produto lacteo chileno, parte do Programa de suplementacdo alimentar para idosos, é
cariogénico para a superficie radicular?

A suplementacdo com fluoreto de sddio do produto lacteo pode controlar a desmineralizacdo da
dentina radicular?

Objetivos

Objetivo 1 - Determinar a cariogenicidade da bebida a base de leite oferecida pelo Programa
de Alimentag¢ao Suplementar para Idosos (PACAM) sobre a dentina radicular.

Estudo 1. Experiéncia de cdrie em adultos idosos que consomem uma bebida a base de leite—
um estudo transversal

Estudo 2. Cariogenicidade de uma bebida a base de leite usada como suplemento dietético para
adultos idosos, num modelo experimental de cdrie radicular.

Objetivo 2 - Avaliar o efeito anti-cariogénico da bebida a base de leite suplementada com
flior sobre a dentina radicular.

Estudo 3. Efeito anti-caries da bebida a base de leite fluoretado, num modelo experimental in
vitro de carieradicular

Estudo 4. Efeito in situ da bebida a base de leite fluoretado no desenvolvimento de carie
radiculars sob uma condi¢ao de elevada cariogénicidade



CHAPTER 1. CARIOGENICITY OF A MILK-BASED DIETARY SUPPLEMENT DRINK FOR THE
ELDERLY
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Abstract

Objective: Malnutrition is a common condition in elderly people. WHO has recommended the
use of nutritional supplements to overcome nutritional deficiencies in this age-group. These
products are usually supplemented with different nutrients and a significant amount of sucrose.
Since 1999, the Chilean government has implemented the Supplementary Nutrition Program
for the Elderly (PACAM, for its Spanish acronym). This program consists in a monthly
distribution of a milk-based drink and an instant-soup, for daily supplementation of diet. The
milk-based product contains 8% sugar and low-fat milk, making it potentially cariogenic. The
aim of this study was to determine whether older adults who consume PACAM products have a

higher caries experience when compared to older adults not receiving the food supplement.

Methods: A cross-sectional study was conducted with a representative sample from the Maule
Region in Central Chile. The sample comprised two groups: a) PACAM consumers subjects
(CS)(n=60) and b) Non-consumers of PACAM products (NCS)(n = 60). Participants received
intraoral examination and coronal caries (DMFT/DMFS and SiC Index, both considering caries as
cavitated lesion with dentin involvement) and root caries (RCl index; using ICDAS as diagnostic
criteria) experience were recorded and scored. Additionally, a validated questionnaire was
applied, to determine knowledge, acceptability and consumption habits regarding PACAM
products. A 24-hour diet recall and a food frequency questionnaire were applied. Non-
parametric Mann Whitney test was used to compare coronal/radicular caries experience. To
explore the relationship between the caries experience with demographic and consumption
variables, binary logistic regression was used. Poisson regressions were used to analyze the
relationship between the presence of root caries lesions and milk-based product consumption

controlled by demographic variables. A p-value<0.05 was considered significant.

Results: No differences were detected in food consumption patterns between study groups
(p>0.05). CS participants had increased dairy product consumption. Higher DMFS mean value

was observed in the CS group (85.35+39.0) compared with NCS (77.28+28.9), (p=0.043). The SiC



index value was greater for the CS than NCS (28.89+1.8 vs 27.22+0.9; p=0.003). The multivariate
analysis showed that the CS group had a higher number of root caries lesions (f=0.41; p=0.02)

and higher RCI (B=7.34; p=0.02) than the non-consumer group.

Conclusion: Daily consumption of a PACAM’s milk-based drink supplement seems to increase
coronal and root caries risk. Further research appears needed to modify composition and raise

awareness of the potential pitfalls of the program.



Introduction

The world is experiencing a rapid growth in the number and proportion of older
persons. This demographic change determines an increase in the proportion of adults over 60
and over. It is expected that by 2025, more than 1.2 billion people will belong to this age group
(OMS 2015a). This phenomenon poses a challenge, as it means higher demand for dental care
and treatment in an already highly constrained system in most of the countries, especially in
the developing world. A good nutritional status and a healthy lifestyle are crucial factors for
healthy aging. Optimal nutrition has a positive effect on systemic health and well-being of older
adults, delaying and reducing the risk of developing diseases, as well as maintaining functional
independence (Kritchevsky 2016). However, it is common to find some kind of malnutrition in
older adults (Guerrero-Garcia et al. 2016). Dietary patterns in elderly people has been reported
to be low in micronutrients (mainly calcium, iron, iodine, zinc, phosphorus and vitamins A, C, E
and B), fiber and protein (Rakicioglu et al. 2016) and a high percentage of carbohydrates (Boirie
et al. 2014). Given limitations in the masticatory function, older people tend to select soft and

highly processed foods of low nutritional value (Castrejon-Pérez and Borges-Yafiez 2014).

According to the World Health Organization (WHO), the term malnutrition covers two
groups of conditions: undernutrition or deficit malnutrition, which is related to a lack of
nutrients, and overnutrition, which is due to a high and unbalanced food intake (Hickson 2006).
According to reports from different regions of the world, malnutrition among older adults
reaches about 22% (Kaiser et al. 2010), increasing dramatically in dependent or hospitalized
people, where more than 60% can be affected (Corish and Kennedy 2000). To provide adequate
amounts of micronutrients, protein and calories, on a daily basis, to people who are at risk or
affected by malnutrition, WHO has recommended the use of instant nutritional supplements,
which are easy to prepare and consume orally (Qato et al. 2016). These products are usually
fortified with proteins and fatty acids and formulated with significant amounts of sucrose.
However, it is recommended that all programs involving the use of nutritional supplements,

should be conducted and monitored by a trained health professional and developed according



to the specific nutritional needs of the subject (Walrand 2018). Thus, different private initiatives
as well as public policies have been implemented to address a lacking nutritional condition,
based on the use of food supplements for the enrichment of the daily diet of the elderly. In this
respect, the Chilean government has implemented since the late 1990s the “Programa de
Alimentacion Complementaria para el Adulto Mayor (PACAM)” (Supplementary feeding
programme for the elderly (PACAM)) based on the monthly distribution of a powdered instant
milk-based drink product (fat 4.5%, total carbohydrates 59.5%, sucrose 8% and 28% lactose)
and an instant soup (13% protein, 11% fatty acids and 2% total sugars). This program currently

benefits more than 430,000 people, representing 15.35% of the country's elderly population.

In general, subjects aged 60 and over are the main consumers of milk in the world,
especially women (Singh et al. 2015). Regular milk consumption in older or middle-aged people
has shown to have a positive effect on systemic health, as it is positively associated with
glycemic control in diabetic patients (Yakoob et al. 2016), body weight (Vanderhout et al. 2016),
reducing the risk of ischemic stroke (Elwood et al. 2005) or coronary disease (Steinmetz et al.
1994) and protects against some types of cancer (Prentice 2014). Despite the above-mentioned
benefits related to regular milk consumption, an experimental study conducted in vitro by our
research group have shown that the PACAM’s milk-based drink, contains potentially cariogenic
nutrients such as skim milk and sucrose (Castro et al. 2018; 2019). Importantly, dental caries is
the main cause of tooth loss among older adults (Sugihara et al. 2010), condition that
additionally negatively affects their quality of life (Ledn et al. 2014). The determining factor for
caries is the high sugars intake in the diet (Sheiham and James 2015). In older adults, there is an
increase in the incidence and prevalence of a particular type of caries lesion, root caries. These
lesions affect the tooth root, typically involving the enamel-dentin junction. Multiple factors
have been described in older adults that may favor the development of root caries lesions, such
as decreased salivary flow, use of removable prosthetic appliances, periodontal diseases and
gingival recessions, which expose root surfaces (Sugihara et al. 2010). It is important to note
that because the critical pH for dentin demineralization is higher than that of coronal enamel

(Peters 2010), exposed root surfaces are considered to have increased risk for caries lesions.



Given the potential caries risk posed by the consumption of dietary supplements in
older persons, we aimed to evaluate whether people regularly consuming the PACAM’s milk-

based drink are more affected by caries than those who do not consume it.

Subjects and Methods

After obtaining Ethics approval from the University of Talca (#2014-009-RC), a cross-
sectional study was conducted with the participation of older adults from the Maule Region,
Chile. This region comprises 30 communes and shows poor community-based oral health index
(Ministerio de Salud 2008) and also present a high proportion of rurality (INE 2015). According
to the national socioeconomic characterization (CASEN 2015), the region of Maule has a large
population assigned to the public social security health system (86.2%), contrasting with a low
percentage of the population assigned to the private health system (5.9%). Another data that
confirms the low socioeconomic level, shows that the households in the region of Maule, obtain

the second lowest value of average autonomous income at a national level (CASEN 2015).

Sample size calculation: The sample size was calculated based on the data that older adults
with a good nutritional status have less root surfaces areas affected by caries, compared to
those with an inadequate nutritional status (Yoshihara et al. 2007). According to the Yoshihara
et al. (2007) study, among subjects with good nutritional status and those with poor nutritional
status, there was a mean difference of one tooth surface affected by root caries and a common
standard deviation of 1.9. An alpha risk of 0.05 and a beta error of 0.2 were accepted in a
bilateral contrast. The calculation resulted in a number of 114 subjects needed, divided in two
groups of equal number (57 subjects each). To avoid any data loss during processing, a total
sample of 120 subjects, divided into two groups of 60 individuals each, was recruited. Sample

size calculation was estimated with the software GRANMO v.7.12.



A total of 10 communes of the Maule Region were randomly selected (4 urban and 6
rural, proportional to the demographic distribution of the Maule region). The primary sampling
units in each commune corresponded to the Family Health Centers (CESFAM). The CESFAM with
the highest population coverage within their territory was selected. In the second stage,
individuals (secondary sampling units) over 60 years old who were registered in the CESFAMs
were selected through a systematic random selection procedure. The information related to
demographic data (age, sex and place of residence) were obtained from the clinical records, as
well as the subject's membership into PACAM. The groups were categorized in: a) subjects who
consumed the milk-based drink product for at least two years (CS) (n=60) and b) subjects non-
consumers of the dairy product (NCS) (n=60). In both groups, subjects had to have at least 5

teeth.

Diet assessment: A previously trained interviewer applied a guided questionnaire (Contreras
2011), for subjects in both groups. This questionnaire determined the acceptability and
consumption habits related to the products supplied by PACAM (i.e., added sugar and volume

III

consumed). To evaluate each subject's diet patterns, a "24-hour diet recall” and a "food
frequency questionnaire” were applied (Ministerio-de-Salud-Chile. 2014). For both surveys,
simple portion/size explanations were used to guide the respondents’ answers. Participants
were interviewed personally, and their responses were recorded. The portion/size were
transformed in grams per day (gr/day) using a table of home measurements and their
equivalent value (Ministerio-de-Salud-Chile. 2014). Subsequently, the gr/day of each food

group was analyzed and calculated (i.e., Dairy, Meat, Oils, Candies, Sugared dough, Sugared

beverages and Sweeteners).

Carious lesions assessment: An experienced examiner previously trained and calibrated in the
diagnosis of caries lesions (kappa index inter examiner: 0.69, intra examiner: 0.78), performed
clinical examination. Each examination was carried out in a dental box-office, with the aid of
artificial light and examination kits. After cleaning and drying the dental surfaces, for root

lesions, ICDAS criteria was used (Ismail et al. 2007). Teeth with root surfaces with caries lesions,



restored and exposed/healthy, were recorded (Shivakumar et al. 2009). The criterion for
considering a coronal caries lesion for the "carious" component of DMFT/S was a cavitated

lesion with dentin involvement (World-Health-Organization 2013).

Statistical analysis:

The prevalence and caries experience were analyzed. For coronal caries lesions, DMFT/S
was calculated (sum of "decayed", "fillings" and "missing" in relation to Tooth/Surface).
Additionally, SiC (Significant caries index) (Bratthall 2000) and root caries index (RCI%) (Katz
1980), were calculated. Sociodemographic characteristics were compared by study groups using

Chi-squared tests and Mann-Whitney.

Data collected were analyzed according to measures of dispersion and central tendency.
Normality tests were performed using the Kolmogorov-Smirnov Test. Because data were not
normally distributed, the non-parametric U-Mann Whitney test was used to compare the diet
consumption patterns and coronal/root caries experience among the study variables (i.e.,
demographics and PACAM). The possible relationship between the coronal caries experience
and variables such as sex, area of residence, consumption of the milk-based drink product,
volume of dairy product consumed and addition of sugar to the milk-based drink supplied by
PACAM was determined through a binary logistic regression. For binary logistic regression,
coronal caries experience (DMFS) of the CS was dichotomized in relation to a SiC value of 63.
This value (cut-off point) corresponded to the minimum DMFS value of one third of the study
group (n: 120) with the highest caries score. Poisson regressions were used to analyze the
relationship between the presence of root caries lesions (number of root caries lesions and
RCI%) and consumption of milk-based drink controlled by demographic variables. Significant
differences were considered if p<0.05. Data processing and manipulation was performed using

the statistical program SPSS version 25.0 (IBM, NY, USA).



Results

Information is shown for both study groups by sex, age and geographical distribution in

Table 1. There were no statistically significant differences in the study groups regarding age and

residency (p>0.05). The CS participants were older than NCS, with a mean age of 73.45(1.8) and

70.21(3.6), respectively (p< 0.001)

Table 1. Distribution and characterization of both groups. Consumers of the milk-based drink

product (CS) and non-consumers of the milk-based drink product (NCS) according to sex and

geographical distribution (n(%)) and age (n(SD)),

CS (n=60) NCS (n=60) Test
Sex

Men n(%) 25 (41.4) 26 (42.8)

Female n(%) 35 (58.6) 34 (57.1) X*=0.03, p = 0.85.
Age mean (SD) 73.45(1.8) 70.21(3.6) MW = 8.73, p <0.001.
Geographical distribution
Urban n(%) 44 (72.8) 40 (65.7)
X?=0.63, p = 0.43.

Rural n(%) 16 (27.2) 20 (34.3)

The daily portions/size of different food groups consumed by the subjects demonstrated

no differences between the study groups, with the exception of dairy products. The CS group

showed a higher daily intake of milk (p<0.05).



Table 2. Dietary assessment between consumers (CS) and non-consumers (NCS) of the milk-

based drink product. Average quantity (SD) in g/day or cc/day of some foods consumed daily.

CS mean (SD) NCS mean (SD) P-VALUE

Dairy (cc/day) 392.18 (208.35) 204.16 (212.04) 0.0001*
Meat (gr/day) 103.16 (43.09) 91.38 (42.38) 0.241
Qils (gr/day) 36.35(31.47) 50.86 (65.5) 0.97
Candies (gr/day) 18.34 (21.9) 24.4 (25.68) 0.312
Sugared masses (gr/day) 7.81 (16.43) 4.21(8.47) 0.675
Sugary drinks (cc/day) 220.784 (249.49) 434.248 (325.96) 0.092
Sweeteners (gr/day) 0.083 (0.096) 0.068 (0.092) 0.529

Bold values indicate statistical difference between CS and NCS

Most CS (68%) drank more than one cup (200 cc) of the milk-based drink product per
day and also sweetened the product with sugar or some non-caloric sweetener (70%). Most
subjects (64%) reported very low soup intake (1 dish or less per day) or no soup consumption at

all (Table 3).



Table 3. Consumption habits (quantity/day) of products supplied by the PACAM in the CS
group (n = 60)

Milk-based drink product consumption n(%)

<1cup 19 (32%)
>1 and <2 cups 33 (55%)
> 2 cups 8 (13%)

Addition of sweetener to the dairy product n(%)

Sugar 14 (23%)
Sweetener 28 (47%)
No addition 18 (30%)

Consumption of instant Soup n(%)

> 1 plate 22 (36%)
<1 plate 37 (61%)

No consumption 1(3%)



Coronal Caries Experience

Table 4 shows a greater number of decayed teeth in men than in women (6.36 v/s 5.09;
p=0.018). Also, greater number of filled teeth (2.19 v/s 0.98; p=0.006) and filled surfaces (3.31
v/s 1.49; p=0.006) were found in subjects from urban areas compared to rural areas. However,
no difference in DMFT/S was observed among those areas. A higher DMFS value was reported

in CS compared to NCS (85.35 v/s 77.28; p=0.043).



Table 4. Mean and standard deviation (SD) of coronal caries experience, according to predictor variables (sex, place of residence

and affiliation to the supplementary feeding program PACAM).

Coronal Caries - Tooth

Coronal Caries - Surface

D F M DMFT D F M DMFS
Variables Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)
5.57 (3.2) 1.76 (2.8) 14.36 (7.8) 21.6 (6.9) 8.78 (6.1) 2.66 (4.2) 69.88 (36.1) 81.32 (34.4)
Women (n =
5.09 (3.2) 2.31(3.3) 15.20 (7.3) 22.60 (5.9) 8.45 (6.5) 3.43 (5.0) 72.99 (32.0) 84.87 (29.2)
75)
Sex
Men (n = 45) 6.36 (3.0) 0.84 (1.3) 12.96 (8.5) 22.16 (8.2) 9.33 (5.3) 1.38 (2.1) 64.69 (42.0) 75.40 (41.4)
p=0.018 p=0.059 p=0.138 p=0.209 p=0.123 p=0.064 p=0.342 p=0.453
Rural (n = 43) 5.56 (3.2) 0.98 (1.8) 14.63 (8.3) 21.16 (7.6) 8.12 (4.6) 1.49 (2.8) 70.60 (38.1) 80.2 (36.8)
Place of
Urban (n = 77) 5.57 (3.2) 2.19(3.1) 14.21 (7.6) 21.97 (6.5) 9.16 (6.7) 3.31(4.7) 69.47 (35.2) 81.94 (33.2)
residence
p= 0.685 p=0.006 p=0.673 p=0.792 p=0.568 p= 0.006 p=0.816 p=0.887
NCS (n = 60) 5.87 (3.0) 2.03(2.8) 13.73 (6.6) 21.63 (5.4) 8.55 (4.3) 3.12 (4.7) 65.62 (31.4) 77.28 (28.9)
Program CS (n = 60) 5.27 (3.3) 1.48 (2.7) 14.98 (8.9) 21.73(8.2) 9.02 (7.4) 2.20(3.7) 74.13 (40.2) 85.35 (39.0)
p=0.369 p=0.098 p=0.259 p=0.207 p=0.748 p=0.158 p=0.097 p=0.043

* Bold values indicate differences in average per group according to Mann Whitney test, p < 0.05.



Binary regression shows that subjects living in urban areas and those who consumed
more than one cup of milk-based drink product per day had a greater probability of being more

severely affected by coronal caries (OR 4.84 and 4.24, respectively) (Table 5).

Table 5. Association between predictor variables (sex, place of residence, consumption of
milk-based drink product, volume of milk-based product consumed, addition of sugar to the
milk-based product) and experience of coronal caries (DMFS), dichotomized according to the

SiC index, of the consumer subjects (CS) (n=60).



Low DMFS*  High DMFS*  Unadjusted 95% ClI Unadjusted Adjusted 95% CI Adjusted
N (%) N (%) OR P-value OR P-value
15 45
(25%) (75%)
Sex
Women 7 30
(46.7%) (66.7)
Men 8 15 0.44 0.13-1.44 1.17 0.52 0.14-1.92 0.33
(53.3%) (33.3)
Place of residence
Rural 8 11
(53.3%) (24.4%)
Urban 7 34 3.53 1.04 -11.98 0.04 4.84 1.18-19.78 0.03
(46.7%) (75.6%)
Milk-based drink
consumption
Under than 200 7 10
mL/day (46.7%) (22.2%)
Over 200 mL/day 8 35 3.06 0.89 - 10.52 0.07 4.24 1.03-17.42 0.04
(53.3%) (77.8%)
Addition of sugar
to dairy product
do not add 12 34
(80%) (75.6%)
Adding 3 11 1.29 0.31-5.44 0.72 1.71 0.37-7.93 0.49
(20%) (24.4%)

Significant regression model. x2(4)= 10.20; p=0.04, Nagelkerke 23%. Bold values indicate statistical differences.
* Low DMFS = low SiC value (<63) and high DMFS = value greater or equal to SiC (263)



Root Caries Lesions

When comparing data between both groups regarding root caries experience (number of

root caries lesions and root caries index), no differences were observed (Table 6).

Table 6. Distribution and comparison of root caries lesions (RCLs, mean; SD) and root caries

index [RCI%, mean; SD] by sex, place of residence and milk-based drink product consumption.

Root Caries
Number ofRCLs RCI

Variables Mean (SD) Mean (SD)
1.19 (1.1) 18.55 (17.8)
Sex Women (n =75) 1.14 (1.0) 17.59 (15.3)
Men (n = 45) 1.27 (1.3) 20.15 (21.5)

p=0.950 p=0.867
Place of Rural (n = 43) 0.90 (0.8) 14.4 (14.7)

residence

Urban (n = 77) 1.35(1.2) 20.86 (19.0)

p=0.070 p=0.064
Program NCS (n = 60) 0.93 (0.7) 14.6 (12.2)
CS (n = 60) 1.4 (1.3) 22.5(21.4)

p=0.077 p=0.063

* differences in mean per group according to Mann Whitney test, p < 0.05.

According to a multivariate analysis, non-consumers of the milk-based product (= -0.41,
p=0.02), are less likely to have root surfaces affected by caries (Table 7.A). Additionally, CS show

higher RCI, compared to non-consumers (=-0.17, p=0.02) (Table 7.B).



Table 7. Poisson regression for number of root caries lesions (A) and RCI (B) (n=120) adjusted

by predictor variables (sex, place of residence and consumption of milk-based drink product).

Standard Standard
A*. Variables Beta p-value B**. Variables Beta p-value
error error

Constant 0.55 0.16 <0.001 Constant 3.05 0.07 <0.001
Sex (woman) -0.13 1.17 0.45 Sex (woman) -0.26 0.07 <0.001
Residence -0.38 0.19 0.05 Residence

-0.44 0.07 <0.001
(Rural) (Rural)
Program (NCS) -0.41 0.17 0.02 Program (NCS) -0.17 0.07 0.02
*Significant model xi (3) = 11,21; p=0,01. **Significant model xi (3) = 56,27; p < 0,001.

NCS, subjects non consumer. NCS, subjects non consumer.



Discussion

The results of this investigation show that a milk-based drink product, with added sugars
(8%) is cariogenic and could be a risk factor for both coronal and root caries in people who
consume it. These epidemiological findings are consistent with our in vitro experimental results

(Castro et al. 2019).

Milk is a widely consumed food throughout the world and its intake increases with age.
The average amount of milk ingested daily by an adult is 0.57 portions per day (114 cc), while for
women over 60, this amount can reach 0.68 portions per day (136 cc) (Singh et al. 2015). In
general, a higher milk consumption is observed in developed countries compared to poor or
tropical countries (Singh et al. 2015). Data from Latin America indicate that the region shows a
moderate consumption of this food with an average amount of 30-150 kg per capita/year (FAO
2013). According to our data, regular milk consumption of the subjects consuming the dairy
product would reach 18.25 kg/year (on average 50g of product/02 cups per day), which is less
than the average in the Latin American region. As the beneficiaries of PACAM are from low socio-
economic status and the program increases the consumption of the milk product, it is clear that
this program is necessary and makes a real contribution to supplementing the daily diet of

consumers, so the discussion on its potential caries risk must be addressed and it is of relevance.

Although the higher rurality of the Maule region, and this condition was reflected in the
studied sample, no significant differences between program users (CS) and non-users (NCS) and
the residence location was detected. It should be noted that in rural areas, access to health
services is limited compared to urban areas. Distance to provider centers might explain the
differences in access. This difference in access to health services may explain why, although
subjects in the rural and urban areas have the same caries experience, subjects in the rural area
have less filled teeth. Yet, rural communities did have access to the food supplement and no
differences were found in consumption between residence groups. In general, PACAM has good
acceptance among older adults. In fact, among NCS, the main reason for this condition was that

they did not meet the requirements to be part of the program. To be eligible, older people have



to be in treatment or active control in some public health center. Despite the scarce evidence
available on the benefits of the program, it has been demonstrated that the regular consumption
of food supplements provided by the program, cause a significant increase in the daily intake of

energy and some micronutrients such as vitamin B12, C, E and zinc (Masi and Atalah 2008)

In Chile, older people have a high caries prevalence (Marifio et al. 2015), and this situation
could be aggravated by the consumption of the milk product supplied by PACAM. When
comparing caries experience among the study groups, program users had more coronal caries
lesions, with higher DMFS and SiC indexes compared to non-users. Additionally, program users
showed a greater experience of root caries, with higher number of root caries lesions and a
higher RCI. It is important to note that no difference in eating habits (diet surveys) was observed
between program users and non-users, except for the consumption of the dairy product that was
higher in the program users. Importantly, most users reported to consume more than one cup of
dairy product per day, which means additional sugars intake that may explain the differences

found.

It has been stated that there would be a possible protective role against dental caries
associated with regular milk consumption, but the evidence is not clear. As reported by some
researchers, milk proteins such as casein and lactoferrin (Johansson and Lif Holgerson 2011),
whey proteins, fat content (Shetty et al. 2011), and the high concentration of calcium and
phosphorus (Grenby et al. 2001), would be important factors that would alter the adhesion of
cariogenic bacteria, interfering with dental biofilm development, or promoting remineralization
(Merritt et al. 2006). Our studies have shown, meanwhile, that milk does not decrease the
demineralization of enamel and dentin subjected to a cariogenic challenge through frequent
exposure to sucrose (Giacaman et al. 2012). On the other hand, lipids contained in whole milk
(3.1% fat content) could modulate the effect of lactose, as well as the presence of sucrose,
presenting lower cariogenicity (Giacaman 2014). This could be explained by a potential
protective mechanism of fatty acids that has been described both in vitro (Giacaman et al. 2015),
as in vivo (Giacaman et al. 2016). These molecules are not metabolized by bacteria (Schuster et

al. 1980), they may present antimicrobial activity being able to inhibit glucose transport through



bacterial cell membrane and inhibit cell adhesion (Williams et al. 1982). As the fat content of the
milk decreases (semi-skimmed or skimmed milk) or when sugar is added, milk becomes highly
cariogenic in both enamel and root dentin (Giacaman 2014), comparable to 10% sucrose

solutions.

In general, non-specialized dietary supplements for older adults, like Enprocal®,Ensure®,
Fortisip® and Afios Dorados® in Chile (the brand used for the PACAM product), whose most
common commercial presentation is a milk-based drink, are usually fortified with protein and
fatty acids, similar to those found in milk, but have a significant amount of sucrose in their
formulation (between 8 and 50%), which exceeds any caries-decreasing effect, as described
before. Considering that the PACAM dairy dietary supplement contains in its composition a low
percentage of fat, plus 8% of sucrose and is consumed more than once a day (on average 392.18
cc/day), it would be expected that this product represents a risk in terms of consumers' oral

health. Our results seem to confirm this hypothesis.

Although there are many modulating factors that can affect the natural course of caries
disease and determine whether new lesions can appear, the situation of older adults should be
considered as a particular case. Indeed, to the higher sugars consumption in the diet, the typical
salivary flow reduction due to glandular atrophy or polypharmacy, root surfaces exposure and
the wearing of prosthetic devices, may represent added caries risk (Sugihara et al. 2010).
Although it has been demonstrated the contribution of nutritional supplementation to the
general health, it is important to consider that the incorporation to the daily diet of dairy

products with sugars added, may represent a risk for oral health.

Within the limitations of this study, the lack of information regarding the periodontal
condition of the subjects (periodontitis or gingivitis) is indicated, as well as a determination of
the plague index, an important factor since it is directly related to the amount of biofilm present

on the teeth.



We can conclude that when considered as a whole, the results of this study suggest that
daily consumption of the PACAM nutritional supplement for older adults, which contains sucrose
in its composition, increases the risk of presenting caries lesions. The results suggest the need to
review the formulation, in terms of components, of the products supplied by supplementary
feeding programs. Milk reformulation, eliminating the elements that may represent a risk to oral
health may be an alternative to preserve its nutritional benefits, avoiding potential oral health
damage. In addition, it would be beneficial to incorporate or adjust the content of those
nutrients that can play a protective role against cariogenicity, such as proteins (Diamanti et al.

2011), fatty acids (Huang et al. 2011) or the addition of fluorides.
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