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Abstract

Purpose—To evaluate the efficacy of xylitol-sweetened milk as a caries preventive strategy.

Methods—In this nine-month prospective proof-of-principle trial, 153 Peruvian school children 

Peru were randomized to a milk group: 8g xylitol/200mL milk once/day, 4g xylitol/100mL milk 

twice/day, 8g sorbitol/200mL milk once/day, 4g sorbitol/100mL milk twice/day, or 8g sucrose/

200mL milk once/day. The primary outcome was plaque mutans streptococci (MS) at nine-

months. A secondary outcome was tooth decay incidence. We hypothesized children in the xylitol 

groups would have a greater MS decline and lower tooth decay incidence.

Results—One-hundred-thirty-five children were included in the intent-to-treat analyses. Children 

receiving xylitol had a greater reduction in MS than sucrose (P=0.02) but were not different from 

sorbitol (P=0.07). Tooth decay incidence for xylitol once/day or twice/day was 5.3±3.4 and 

4.3±4.0 surfaces, respectively, compared to sorbitol once/day, sorbitol twice/day, or sucrose 

(4.1±2.8,3.7±4.2, and 3.2±3.4 surfaces, respectively). There were no differences in tooth decay 

incidence between xylitol and sucrose (Rate Ratio [RR]=1.51;95% confidence interval 

[CI]=0.88,2.59;P=0.13) or between xylitol and sorbitol (RR=1.28;95% CI=0.90,1.83;P=0.16).

Conclusion—Xylitol-sweetened milk significantly reduced MS levels compared to sucrose-

sweetened milk, but we were unable to detect differences in caries incidence. ISRCTN34705772.

Xylitol efficacy has been evaluated in children1–4 and is known to lower mutans streptococci 

levels,5 but findings are mixed regarding caries prevention.6,7An unexplored modality is 

xylitol as a beverage sweetener.
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Peru’s Vaso de Leche (Glass of Milk) is a nutrition program that provides low-income 

school children with milk.8,9 Plain milk protects against tooth decay.10 However, most 

children in Peru and other South American countries dislike plain milk. A common practice 

is using sweeteners like honey or sugar to encourage milk consumption,11,12 which increases 

risk for caries and other diseases like obesity.13 Sugar-sweetened milk is served to children 

at many schools participating in Vaso de Leche.

Milk sweetened with xylitol is well accepted by children,14 presenting a viable alternative to 

sugar as a sweetener.15 In this proof-of-principle trial, which is designed to identify the 

mechanism of a preventive agent as well as preliminary evidence of clinical efficacy15, we 

tested the hypotheses that children who consume xylitol milk at school would have lower 

mutans streptococci (MS) levels and lower rates of new tooth decay than other children at 

follow-up. These findings are expected to serve as preliminary data for a large-scale study 

evaluating the caries prevention efficacy of xylitol as a beverage sweetener.

Methods

Trial design

This was a nine-month, five-arm prospective parallel randomized clinical trial with equal 

allocation. Nine months is a short period to assess caries incidence,16 but was believed to be 

sufficient time to demonstrate an effect on mutans streptococci. The trial was registered with 

the ISRCTN registry (ISRCTN34705772).

Participants

We recruited children kindergarten to grade 5 from an elementary school in a low-income 

community in Arequipa, Peru (N=246). Exclusion criteria were: 1) milk allergy or lactose 

intolerance; 2) antibiotic use four weeks prior to the baseline examination to control for the 

effects on intraoral MS17; 3) inability to cooperate for an examination; and 4) no parent 

consent or child assent. Pre-study information sessions in Spanish were held for parents and 

teachers. Study staff explained the importance of oral health, use of xylitol and sorbitol as 

sweeteners, and study procedures. Questions were answered and commercial products 

containing xylitol were available to sample. Staff members screened for eligibility. All 246 

children were eligible. We obtained parent consent and assent from children. The 

Institutional Review Boards at the University of Washington (Seattle, Washington, USA) 

and the Universidad Catolica de Santa Maria (Arequipa, Peru) approved the study.

Interventions

There were five arms (Figure 1). Children in the active experimental groups received whole 

milk (Gloria Ultra-High Temperature [UHT] Processed milk, Grupo Gloria, Arequipa, Peru) 

sweetened with xylitol (8g in 200mL milk once/day or 4g in 100mL milk twice/day) 

(XilySweet, Shandong Longlive Bio-Technology Co. Ltd., Yucheng City, Shandong, China). 

Dosing was based on evidence that 6–10g xylitol/day is needed for caries prevention.2 

Children in the active treatment control groups received UHT milk sweetened with sorbitol 

(8g in 200mL milk once/day or 4g in 100mL milk twice/day) (NEOSORB®, Roquette, 

Lestrem, France). Children in the control group received the standard 8g of sucrose in 
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200mL UHT milk once/day (Complejo Agroindustrial Cartavio S.A.A., Cartavio, Peru). 

There was no plain milk control group because children at the school refuse unsweetened 

milk. School officials insisted on sweetened milk to ensure the study did not disrupt delivery 

of milk to children through Vaso de Leche.

Study procedures

Sweeteners were pre-weighed, packaged in airtight bags, and labeled with colored stickers. 

Color-matched stickers on the sweetener bags, cups, and bracelets worn by children ensured 

participants received the assigned milk. Parent workers were trained on milk preparation and 

monitored to ensure proper preparation. Milk was served before breakfast. For children who 

received two milk servings, the second was served before lunch. Milk was distributed at the 

same times. The prepared milk was warmed to about 60°C, which is customary in Peru. 

Children were monitored to ensure cups were not traded and the milk was consumed.

Before collecting plaque and caries data, we assessed baseline hygiene using a modified 

plaque index based on supragingival plaque.18 Children were classified as having good (no 

visible plaque), fair (light plaque), or poor (heavy plaque) hygiene.

Outcomes measures

The primary outcome was change in mutans streptococci (MS) levels (log10). Pooled 

supragingival plaque samples were collected from the buccal surfaces of the maxillary and 

mandibular arches using two sterile microbrushes/child (Microbrush®, Microbrush 

International, Grafton, Wisconsin, USA),prior to toothbrushing and the examination. 

Samples were processed as previously described.19,20 MS enumeration included 

Streptococcus mutans and Streptococcus sobriunus.19,20 Negative cultures were defined as 

plates with no MS growth after seven days.

The secondary outcome was tooth decay incidence, measured at nine months post-baseline 

examination and defined as the number of new decayed, missing, or filled primary and 

permanent tooth surfaces. A single examiner was trained according to the U.S. National 

Institute of Dental and Craniofacial Research criteria.21 The examiner was blinded to 

allocation. Ten-percent of participants were randomly selected for a second examination to 

assess reliability. Examiner intrarater agreement (kappa coefficient=0.94; 95% confidence 

interval [CI]=0.92, 0.95) was good. Non-cavitated carious lesions were identified, 

recognizing that these lesions are difficult to assess reliably. Because there were no 

differences when non-cavitated lesions were included in the primary outcome, we reported 

all findings with non-cavitated lesions as part of the outcome. Teeth were cleaned with a dry 

toothbrush, dried with gauze, and examined with a disposable mouth mirror. No explorers 

were used. Examinations were conducted at baseline prior to randomization and at end-of-

study at nine months.

Power calculations

We estimate sample sizes using previous estimates of 73% reduction in dmft in children 

observed between xylitol gum and sugar gum.22 With 25 subjects in the each of the five 

groups, the power was estimated to be 85% to demonstrate a reduction in the incremental 
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dmft in the xylitol groups of 2/3 standard deviation compared to the sorbitol groups, based 

on a two-sided two-sample t-test (alpha=0.025). Power was 78% to demonstrate a ¾. 

standard deviation in the incremental dmft comparing xylitol and sucrose groups. In 

addition, power was 80% to detect a difference in the incremental dmft 0.8 standard 

deviation between the once/day versus twice/day xylitol groups. The goal was to enroll all 

eligible children. Because of the requirement for active parent consent, we expected 60% 

participation or about 150 participants.

Randomization and allocation

Each child was randomly assigned using computer-generated permuted blocks of varying 

block sizes and stratification on classroom to ensure balanced groups within classrooms. To 

prevent treatment assignment determination, blocks sizes were equal to five or ten, and were 

chosen randomly with three-fourth and one-fourth probability, respectively.23 The 

randomization list was prepared using the sample function of the R statistical software (R 

Foundation for Statistical Computing, Vienna, Austria, Version 3.0). After baseline data 

collection, the names of enrolled children were randomly sorted by classroom. Children 

were assigned according to the randomization list for their classroom that was maintained by 

the PI until the intervention start date to conceal allocation. Caries and plaque data were 

stored separately from the randomization list.

Blinding

Participating children, parents who prepared and distributed the milk, teachers, and 

laboratory staff were blinded to allocation. During baseline examinations, children had not 

yet been allocated to a group. The examiner did not know the child’s assignment during the 

post-study examinations.

Incentives

Each child received a toothbrush, one 31.9g tube of fluoridated toothpaste (Colgate Maxima 

Proteccion AntiCaries, 1450 ppm sodium monofluorophosphate and sodium fluoride, 

Colgate, Guanajuato, Mexico), and a t-shirt. At the study end, we sponsored a school-wide 

party that included oral health education delivered by cartoon characters.

Safety monitoring

Parents and teachers monitored children for potential side effects associated with the 

intervention (e.g., headache, stomachache, vomiting) and other side effects not normally 

associated with polyols. When side effects were observed or reported, milk distribution to 

the child was stopped. The child was monitored to ensure symptoms resolved and then the 

milk distribution was resumed.

Statistical analyses

The unit of analysis was the child. We generated descriptive statistics on the study 

population (e.g., grade, age, gender, baseline hygiene, attendance) and compared these 

characteristics across milk groups using the chi-square test, ANOVA, or Cochran-Mantel-

Haenszel test. We compared characteristics of children included in the final analyses and 
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children who were randomized but excluded due to drop out or missing data. We estimated 

baseline and post-study tooth decay across the five groups and by sweetener type.

For the primary outcome, MS levels were logarithmically transformed (log10). We assessed 

baseline and MS levels across the five groups and by sweetener type. For hypothesis testing, 

the two xylitol groups and two sorbitol groups were combined because of the small samples 

and similar outcomes. Unadjusted and covariate-adjusted linear regression models with 

generalized estimating equations (GEE) and robust standard error estimates were used to test 

the hypothesis that children in the xylitol groups would have a greater MS decline than 

children in the sorbitol or sucrose groups. As a supplemental analysis, we used the 

Spearman rank correlation to examine the associations between MS (baseline, post-study, 

and change) and tooth decay incidence. Analyses were completed using R statistical 

software (R Foundation for Statistical Computing, Vienna, Austria, Version 3.0) and SAS 

(SAS Institute, Cary, NC, Version 9.3) (two-sided α=0.05).

Similar to the primary outcome, the two xylitol groups and two sorbitol groups were 

combined for hypothesis testing. Unadjusted and covariate-adjusted log-linear regression 

models were used to evaluate the secondary hypothesis that children in the xylitol groups 

would have a lower tooth decay incidence than children in the sorbitol or sucrose groups. We 

used GEE and robust standard error estimates and calculated rate ratios and corresponding 

95% confidence intervals.24 For teeth missing due to caries during the post-study 

examination, one-half of the corresponding baseline surfaces at risk for new decay were 

counted as new decay. An offset equal to the logarithm of the total number of tooth surfaces 

at risk for new decay was included in the regression model. Time-at-risk was set equal to 

one-half the follow-up time for surfaces present at baseline that by follow-up were erupted, 

carious, exfoliated, or missing due to reasons other than caries. For surfaces that erupted 

after baseline and developed caries by follow-up, time-at-risk was set equal to one-fourth of 

the follow-up time.

Results

Participant recruitment, flow, and allocation

Children were recruited in March 2014 and were followed up for nine months through 

December 2014.Of the 246 eligible children, we recruited, consented, and randomized 153 

children (62.2%) (Figure 1). The largest proportion of participants was in grade 5 (22.2%) 

(Table 1). Most children were male (55.6%) and had poor hygiene (77.8%). There were no 

significant differences across the five groups on grade (P=0.97), age (P=0.23), gender 

(P=0.86), or oral hygiene (P=0.75).

Among randomized participants, there were five dropouts: three children moved and two 

withdrew because they disliked the milk (Figure 1). We had missing data for 21 children: 13 

were absent for the end-of-study examination and eight were missing baseline MS data 

(plaque samples had been collected but were lost during transport to the laboratory). There 

were no significant differences in grade (P=0.40) between children with missing data and 

those included in the analyses. However, children with missing data were more likely to be 
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male (77.8% vs. 52.6%; P=0.04) and to have poor hygiene (100% vs. 74.8%;P=0.03) (data 

not shown).

Primary outcome

We had complete MS data on 127 children (83.0%). Children in the five milk groups had 

similar MS levels at baseline (P=0.24) and at the end of the study (P=0.47) (Table 2). 

Children in the sorbitol twice/day and both xylitol groups exhibited declines in MS level 

whereas children in the sorbitol once/day and sucrose groups exhibited increases in MS. 

Across the combined groups, there were no differences in MS change between combined 

sorbitol and combined xylitol (P>0.05) or between combined sorbitol and sucrose (P>0.05). 

However, children in the combined xylitol group had a significant decrease in MS compared 

to children in the sucrose group, who exhibited an increase in MS level (P<0.05).

The linear regression models adjusted for age, gender, baseline MS levels, baseline tooth 

decay, and attendance indicated that at follow-up children in the xylitol groups had 

significantly lower MS levels than children in the sucrose group (coefficient=−0.46;P=0.02) 

but were not different from children in the sorbitol groups (coefficient=−0.34;P=0.07). In the 

covariate-adjusted model, there was no difference in MS level between sorbitol and sucrose 

(coefficient=−0.12; P=0.59). In the unadjusted analysis, the twice/day sorbitol group had a 

significant decline in MS levels as compared to the sucrose group (coefficient=

−0.64;P=0.03), the difference was no longer significant in adjusted regression analysis 

(coefficient =−0.33;P=0.22)

Secondary outcome

The mean total tooth decay incidence for all children was 4.1±3.6 surfaces (Table 3). Tooth 

decay incidence for children in the xylitol once/day and twice/day was 5.3±3.4 and 4.3±4.0 

surfaces, respectively, compared to sorbitol once/day, sorbitol twice/day, or sucrose (4.1±2.8, 

3.7±4.2, and 3.2±3.4 surfaces, respectively) (Table 2). Similar trends existed for primary and 

permanent tooth decay incidence. In the intent-to-treat analyses adjusted only for time-at-

risk (for the combined groups), there were no significant differences in tooth decay 

incidence when comparing xylitol and sucrose (rate ratio [RR]=1.51;95% 

CI=0.88,2.59;P=0.13) or xylitol and sorbitol (RR=1.28;95% CI=0.90,1.83;P=0.16). Findings 

were similar in the covariate-adjusted regression models including age, gender, baseline MS 

level, baseline tooth decay, and attendance. The covariate-adjusted rate ratio for tooth decay 

for xylitol versus sucrose was 1.23 (95% CI=0.67,2.23;P=0.49) and 1.00 for xylitol versus 

sorbitol (95% CI=0.77,1.32;P=0.95). There were no differences when the regression models 

were restricted to primary or permanent teeth.

Harms

Of the 153 randomized children, 13 children reported symptoms (8.5%). The most common 

side effect was stomachache (n=13) followed by headache (n=9) and/or vomiting (n=2). Of 

the 13 children reporting any symptoms, four were from the 8g sorbitol once/day group 

(14.3%), four from the 4g xylitol twice/day group (11.1%), two from the 4g sorbitol 

twice/day group (6.7%), two from the 8g xylitol once/day group (6.5%), and one from the 
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sucrose group (3.6%). All reported symptoms self-resolved within 24–48 hours and no 

children withdrew because of side effects. There were no adverse effects.

Discussion

In this proof-of-principle trial, there were two main findings. First, children receiving 

xylitol-sweetened milk once or twice/day at a total dose of 8g for nine months had 

significantly lower MS levels compared to children who received milk with sucrose. Second, 

xylitol-sweetened milk did not appear to prevent tooth decay compared to sorbitol-or 

sucrose-sweetened milk.

Although the reduction was small, xylitol significantly reduced MS levels, which is 

consistent with published literature indicating a microbiological mechanism of action 

underlying xylitol.19,25 In our study, there was no difference in MS between one and two 

doses of xylitol, indicating that total xylitol dose (8g) may be more important than frequency 

in reducing intraoral bacteria. There appeared to be differences in MS levels by sorbitol 

frequency in which once/day was associated with an increased MS level whereas twice/day 

was associated with MS decrease. This indicates the potential importance of dosing 

frequency for sorbitol. However, these differences were not statistically significant in any of 

the models. Finally, children in the sucrose group exhibited increases in MS levels. One 

explanation is that constant sugar intake over time leads to a greater number of carious 

lesions that harbor MS colonies. Future work should continue to elucidate the 

microbiological impact of various sweeteners and the long-term effects of sweeteners on 

oral microflora levels.

Our second finding in consistent with two studies indicating no caries prevention benefit 

associated with xylitol administered over a short time period in high-risk children.4,26 There 

are three explanations. First, it is possible that a longer study period is needed to see 

benefits. The International Consensus Workshop on Caries Clinical Trials recommended that 

caries trials involving preventive agents should last 2–3 years.16 Long study periods are 

particularly important in populations with low caries to allow for sufficient caries cases to 

develop. Even though caries rates in our study were high, with 85.9% of children developing 

any new tooth decay during the nine-month period, a longer trial may have been needed. It is 

not clear how long teeth need to be exposed to preventive therapies like xylitol to begin 

seeing reductions in both MS levels and caries. Additional research is needed to determine 

optimal caries prevention trial duration for high-risk children.

A second explanation is that baseline tooth decay rates and MS levels in our population were 

high. A ceiling effect might have limited xylitol efficacy. Stronger topical chemotherapeutics 

like diammine silver fluoride might be needed to prevent caries in populations at a caries 

ceiling,27 followed by xylitol used as a maintenance therapy. Another approach would be to 

focus on younger children prior to teething. This could explain why xylitol syrup was shown 

to be efficacious among children ages 9–15 months in a similarly high-risk population.2 

Future work should evaluate the efficacy of introducing stronger chemotherapeutics to be 

used in conjunction with xylitol as well as introduction of xylitol-sweetened beverages like 
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milk in younger children during the pre-eruptive phase who are already being exposed to 

sugar-sweetened beverages.

A third explanation is that our control condition involved milk sweetened with sucrose. A 

plain (non-sweetened) milk group would have been ideal to include in the study, which may 

have allowed us to detect differences between xylitol and non-sweetened milk, particularly if 

the non-sweetened milk group exhibited lower caries incidence than the sucrose group. 

However, a no-treatment control group was not possible because school administrators 

believed children would refuse unsweetened milk. Future studies examining xylitol-

sweetened beverages should include a non-sweetened beverage arm, if feasible, or minimize 

the amount of added sucrose. It may also be possible to recruit a comparison school without 

the milk program.

In populations with high caries rates like those participating in programs like Vaso de Leche, 

it is possible that xylitol alone is insufficient in preventing caries, a multifactorial disease 

linked to suboptimal behaviors and social factors. These populations may require 

comprehensive interventions that increase daily exposure to fluorides, reduce sugar-

sweetened beverages and snacks through xylitol replacement, and improve access to 

preventive dental care like fluoride varnish and sealants. Few children saw a dentist and 

based on the oral hygiene assessment most were not brushing regularly with fluoridated 

toothpaste. In addition, we tested the school drinking water (likely to be the same source of 

water at the childrens’ homes) and found that fluoride levels were about 0.2ppm, which is 

below the recommended level of 0.7ppm. Equally important, the water pH was 5.5, which is 

the critical pH for demineralization and may expose children to acidogenic episodes.28 

Another contextual observation was the sugar-sweetened snacks and beverages for sale at 

school snack carts. These carts are used to fundraise for the school. Insufficient fluoride 

exposure, acidic drinking water, and excess added sugar intake are important risk factors that 

could be offset through school-based fluoride rinse, toothbrushing, and varnish programs. 

Policies are needed to reduce the availability of sweets within schools.

The overall side effect rate was 8.5%, which is consistent with those reported in previous 

studies.2 Within the milk groups, children in the 8g sorbitol once/day exhibited the greatest 

rate (14.3%) followed by children in the 4g xylitol twice/day group (11.1%). The most 

common side effect was stomachache. Symptoms self-resolved within 48 hours. While these 

findings indicate that xylitol is safe, interventions involving polyols should include 

monitoring protocols and be prepared to implement polyols gradually.

There were three limitations. First, the analyses are likely to be underpowered. We did not 

conduct post-hoc power analyses based on previous recommendations.29 Future studies 

should use findings from the current study to estimate sample sizes, plan for loss to follow 

up, and ensure adequate power. Second, the study length was nine months, which may be 

insufficient time to detect clinical benefits associated with therapeutics like xylitol, even in 

populations with high caries rates. Third, the findings are generalizable to low-income 

children from a single elementary school. Nevertheless, children in Vaso de Leche are 

similar to low-income children in other counties. Additional studies should assess the 

benefits of xylitol as part of a comprehensive public health intervention.
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Conclusion

This is the first known study to evaluate the caries preventive efficacy of milk sweetened 

with xylitol. The proof-of-principle trial indicates xylitol-sweetened milk reduces mutans 

streptococci levels, one of the known risk factors for dental caries, but does not reduce caries 

rates compared to milk sweetened with sorbitol or sugar. These findings suggest that xylitol-

sweetened milk is a potentially promising strategy to prevent tooth decay in places where 

milk is sweetened. Additional studies are needed on use of xylitol-sweetened milk and 

beverages in school-aged children as part of a comprehensive caries preventive strategy.
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Figure 1. 
CONSORT Flowchart for RCT to Assess the Efficacy of Milk Sweetened with Xylitol for 

Elementary School Children in Peru’s Vaso de Leche Program
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