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Breastfeeding is associated with lower rates of infant mortality and morbidity,1-6 a reduced rate of sudden infant death 
syndrome (SIDS),7,8 delayed resumption of fertility,9 and reduced health care cost.10,11 The American Academy of 
Family Physicians has issued a policy statement supporting breastfeeding as the optimal form of nutrition for infants12 
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OBJECTIVE: Breast milk is the recommended method of nutrition for newborns and infants. Several studies 
have investigated factors associated with the cessation of breastfeeding. This study assessed the 
associations between pacifier use, digit sucking, child care attendance, and breastfeeding cessation among 
1387 infants in the Iowa Fluoride Study. 

STUDY DESIGN: This was a longitudinal questionnaire survey. Mothers completed mailed questionnaires 
sent at age 6 weeks, 3 months, and 6 months. 

POPULATION: Parents were recruited postpartum at 8 Iowa hospitals. 

OUTCOMES MEASURED: Survival analysis (using Cox proportional hazards model) assessed the time 
covariate effects of pacifier use, digit sucking, and child care attendance on cessation of breastfeeding, while 
adjusting for other possible confounding variables (not planning to breastfeed, maternal smoking, infants’ sex 
and antibiotic use, maternal and paternal age and education, and income group). 

RESULTS: Percentages of women who did any breastfeeding were 46%, 36%, and 27%, at 6 weeks, 3 
months, and 6 months, respectively. Percentages using pacifiers were 81%, 71%, and 59%. Combinations of 
pacifier use and digit sucking for various levels of child care had statistically significant associations with 
cessation of breastfeeding, with the effect being strongest for pacifier users and digit suckers with no child 
care days (hazard ratio = 1.88; 95% CI, 1.36-2.62). 

CONCLUSIONS: Pacifier use and digit sucking were associated with cessation of breastfeeding, with results 
dependent on the level of child care attendance. The strongest associations were found for those not 
attending child care and for combined use of pacifier with digit sucking. 
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and the American Academy of Pediatrics recommends that infants should be breastfed for at least 12 months.13 
Therefore, it is important to understand the factors associated with reduced breastfeeding. In previous studies, the 
factors associated with reduced breastfeeding included maternal employment,14 child care attendance,15 maternal 
smoking,14,16,17 and demographic factors.16,18,19 

Several recent studies have also identified an association between non-nutritive sucking (eg, pacifiers) and reduced 
breastfeeding20-35 that is consistent with the World Health Organization (and UNICEF) recommendation that pacifiers 
not be used by breastfeeding infants.36 Cross-sectional investigations in Sweden,20-22 Brazil,23 New Zealand,24 
England,25 Greece,26 and Sweden and Norway27 found strong associations between pacifier use and reduced 
breastfeeding (either less exclusive breastfeeding, shorter duration of breastfeeding, or breastfeeding problems), with 
only one26 not reporting statistically significant findings. 

Of particular interest were several longitudinal studies in Brazil (2 studies), Sweden, Italy, and the United States. In 
Brazil, one found that pacifier users had an adjusted relative risk of 2.87 for weaning,28 and the other an adjusted odds 
ratio of 2.5 for the cessation of breastfeeding associated with pacifier use.29 

Hörnell and colleagues30 and Aarts and colleagues31 reported longitudinal data from 506 mothers’ daily infant feeding 
practices in Uppsala, Sweden. All mothers had at least one previous child breastfed at least 4 months and were planning 
to breastfeed the study child for at least 6 months. Thumb sucking was not associated with the breastfeeding pattern, but 
infants using a pacifier frequently had approximately 1 less breastfeeding session and 15 minutes to 30 minutes less 
total breastfeeding time per day than those not using a pacifier at 2, 4, 8, and 12-week follow-up points. Cross-sectional 
and survival analyses of breastfeeding at 4 months compared with non-nutritive sucking at 1 month showed no 
significant relationship with thumb sucking, but a significant relationship with pacifier use, with increasing frequency of 
pacifier use related to a decline in breastfeeding duration. Riva and coworkers32 studied 1601 women in Italy and 
showed that pacifier use was associated with an elevated hazard ratio of 1.18 (95% confidence interval [CI], 1.04-1.34) 
for breastfeeding cessation in adjusted analyses. 

In the only published US study, Howard and colleagues33 reported on the effects of early pacifier use on breastfeeding 
duration among 265 infants in the Rochester, New York area on the basis of maternal telephone interviews at 2, 6, 12, 
and 24 weeks and every 90 days thereafter until the breastfeeding ended. Results were adjusted for factors such as 
maternal age, breastfeeding goals, and plans to work. Pacifier introduction by 6 weeks was significantly associated with 
shortened duration of some breastfeeding (hazard ratio [HR] = 1.61; 95% CI, 1.19-2.19; P = .002), as was a plan to 
return to work (HR = 1.42). Digit sucking was not examined and interactions were not assessed. 

We found only one prospective study31 that considered the effects of both pacifier and digit sucking, and one study that 
considered the effects of pacifier and plans to return to work33 on breastfeeding duration. However, no studies 
simultaneously looked at the effects of maternal employment or child care, pacifier use, digit sucking, and any potential 
interactions, although they have been shown to be individually associated with cessation of breastfeeding. Thus, the 
purpose of this study was to assess the associations of non-nutritive sucking (pacifiers and fingers) with cessation of 
breastfeeding, while considering child care attendance, from birth to age 6 months, using a longitudinal study design in a 
sample of children in the United States. 

  METHODS 
The data were collected as part of a larger, prospective study of a birth cohort assessing fluoride exposures 
longitudinally and relationships with dental caries and dental fluorosis.16,37-43 Mothers were recruited at the time of their 
infants’ births at 8 hospitals in eastern Iowa from March 1992 to February 1995, using appropriate informed consent 
procedures approved by the Institutional Review Board. The recruitment questionnaire assessed household smoking 
patterns during pregnancy, whether women planned to breastfeed, and other demographic factors. 

Information regarding infants’ weight, feeding practices (breastfeeding vs bottle-feeding), non-nutritive sucking (pacifier 
use and sucking thumb or fingers), child care attendance (number of full or half days), maternal smoking, otitis media 
experience, and antibiotic use was collected by mailed questionnaire sent at 6 weeks, 3 months, and 6 months of age. 



Each questionnaire concerned the preceding time period. Nonrespondents received follow-up mailings after 3 weeks and 
telephone follow-up after 6 weeks. Direct validation of responses was not conducted, but subjects were contacted by 
mail or telephone, when necessary, to clarify or correct responses. Data were double-entered and verified. 

Breastfeeding and bottle-feeding practices for each period were summarized in 3 ways: (1) exclusive breastfeeding, (2) 
any breastfeeding, and (3) mostly bottle-feeding (defined as at least 75% of estimated total calories based on body 
weight from formula, milk, or juice). These definitions generally correspond to those proposed by Labbok and Krasovec44

of full, almost exclusive breastfeeding, and low, partial breastfeeding, respectively. 

Time until cessation of all breastfeeding was modeled using the Cox proportional hazard regression model45 against 3 
main factors of interest: pacifier use (yes/no), digit sucking (yes/no), and child care attendance (total number of child care 
days). Since no information was collected regarding maternal employment, we considered child care attendance as a 
proxy. Pacifier use and digit sucking were coded “yes” if the child started using the pacifier or sucking on the digit, 
respectively, any time during the first 6 weeks of life. Main effects, 2-way interactions among these variables, and 
nonlinear effects of child care days were tested while adjusting for maternal and paternal age and education, family 
income, breastfeeding plans, maternal smoking, infant’s sex, and infant antibiotic use. We used the likelihood ratio test to 
assess significance at an alpha level of 0.05, and the statistical analyses were conducted using PROC PHREG in SAS 
software.46 

  RESULTS 
The number of mothers who were successfully recruited and who provided at least one subsequent completed 
questionnaire was 1387. There were 1236 (89%) respondents at 6 weeks, 1196 (86%) at 3 months, and 1048 (76%) at 6 
months. 

Table 1 summarizes the study sample at baseline recruitment. Approximately two thirds of mothers and fathers had at 
least some college education; 76% had family income of at least $20,000; 95% were white; 43% of the infants were the 
mother’s first-born child; and 65% of the mothers said they were planning to breastfeed their infants. 

Table 2 summarizes the breastfeeding practices of the cohort by presenting the percentages of infants at each time point 
with different feeding practices. Approximately 46% reported some breastfeeding on the 6-week questionnaire, declining 
to 36% at 3 months and 27% at 6 months. Only 16% of the infants were exclusively breastfed at 6 weeks, dropping to 
1% by 6 months. A high percentage of infants were mostly bottle fed at each of the 3 corresponding time periods. 

Table 2 also summarizes the patterns of non-nutritive sucking across the infant ages. A high percentage of the infants 
practiced some form of non-nutritive sucking during each period (86.3%, 92.0%, and 86.3% at 6 weeks, 3 months, and 6 
months, respectively). From the 6-week to 6-month responses, pacifier use declined from 81% to 59%, while digit 
sucking increased from 50% to 83% and then declined to 76%. Table 3 summarizes child care attendance during the 6 
months, with half days and full days of child care added together. Thirty-four percent of the infants attended some child 
care, with approximately 12% receiving more than 25 full days of child care by the age of 6 months or the time of 
censor/failure, where censor in this case is loss to follow-up prior to reaching 6 months of age. 

We next analyzed the data using Cox regression, an analysis method designed for longitudinal data on event times, such 
as time until death. The outcome variable was time until cessation of all breastfeeding. The median failure time 
(cessation) was 72 days (95% CI, 68-78) with interquartile range from 53 to 192 days. Seventy-four percent had ceased 
breastfeeding by 6 months and 26% were censored because of continued breastfeeding at 6 months when analysis 
ended or earlier loss to follow-up. 

Table 4 reports the relative hazard ratios and 95% confidence intervals at various levels of child care, pacifier use, and 
digit sucking, while adjusting for the other potential confounders considered (see Methods section). The baseline 
category (or reference cell) is a child with no child care and no non-nutritive sucking. We see from Table 4 that the 
estimated risk of breastfeeding cessation is the highest, with a value of 1.88 (95% CI, 1.36-2.62), for a child who sucks 
on both pacifier and digit at no child care days. This hazard ratio drops to 1.52 (95% CI, 1.03-2.25) at 15 child care days 
and then becomes nonsignificant at 30 and 60 child care days. 



Our results in Table 4 also show that pacifier use at zero child care days has a significant effect in that a child who sucks 
only on a pacifier has a 67% increase in the hazard of cessation of breastfeeding, compared with a child with no non-
nutritive sucking. At higher levels of child care days, this effect changes and becomes a protective effect, although this 
effect was not significant at 15 child care days, was significant at 30 child care days, and was borderline significant at 60 
child care days. Finally, the effect of digit sucking and child care by themselves tended not to be significant at the 0.05 
level, with the one exception at 15 child care days where there is a significant effect of 1.41 (95% CI, 1.02-1.96). 

  DISCUSSION 
Our findings concerning pacifiers are generally consistent with several recent studies that have demonstrated 
associations between pacifier use and reduced breastfeeding, including the few reported longitudinal studies. However, 
these other studies did not control for child care attendance. We found that the effect of pacifier use changed with 
increasing number of child care days. For example, in the absence of child care, children who sucked on a pacifier were 
about 1.7 times as likely to cease breastfeeding than children who did not use a pacifier. For 15 days to 60 days of child 
care, the hazard ratios were less than 1.0, with results statistically significant at only 30 days. 

Furthermore, our analyses showed the joint effect of pacifier use and digit sucking at various child care days. We found a 
significant reduction in breastfeeding for children who use both pacifier and a digit by the age of 6 weeks. But this joint 
non-nutritive effect reduces to being nonsignificant with 30 or more child care days. Although we found that digit sucking 
and child care days by themselves had little effect on cessation of breastfeeding, it was important to consider them 
because these variables significantly interacted with pacifier use. 

Our study found that for infants who did not attend child care, pacifier use significantly increased the odds of 
breastfeeding cessation, as did the combination of pacifier use and digit sucking. However, digit sucking with no pacifier 
use in the absence of child care did not increase the odds of breastfeeding cessation. In contrast, for infants who 
attended child care for 30 days in the first 6 months of life, pacifier use alone appeared to be somewhat protective in 
maintaining breastfeeding, while digit sucking, either alone or in combination with pacifier, increased the odds of 
breastfeeding cessation, with significance at 15 days. It is possible that pacifiers were used sparingly in child care, 
whereas digits were available and more widely used, so that non-nutritive sucking interference with breastfeeding was 
more strongly influenced by digit sucking. Alternatively, it is possible that mothers who placed their infants in child care 
early in life used pacifiers differently than mothers who did not. That is, for non-child care infants, pacifiers may have 
been part of a planned strategy to wean from breastfeeding, whereas for children in child care, pacifiers may have been 
part of a planned strategy to encourage sucking behavior and comfort children until the mother was available for 
breastfeeding. In such a scenario, digit sucking was less under parental control, particularly at child care, so that it may 
have interfered with breastfeeding despite parental planning or desires. 

Limitations 

There are several limitations when considering our study’s findings. The study group was not a probability sample fully 
representative of a defined population. It was of generally high socioeconomic status and, representative of Iowa, had 
little minority inclusion. Respondents were more educated than nonrespondents.39 Although response rates were 
generally favorable, approximately 100 to 300 did not respond at a given time point, resulting in censoring of 26% of the 
cases. Data on breastfeeding, sucking, childcare, and so forth were collected at 3 discrete time points and not on a more 
frequent, daily, weekly, or monthly basis. Although recall bias was limited by the short-term nature of recall with 6-week 
and 3-month intervals, it could have an effect on results. Since so few infants exclusively breastfed, any breastfeeding 
was the only suitable dependent variable. No maternal employment data were collected and quantification of pacifier use 
was not included. 

Only our study and that of Howard and colleagues33 reported results from the United States. The statistical analyses by 
Howard and colleagues concerning pacifier use adjusted for a number of factors, including plans to return to work, family 
and paternal preferences for breastfeeding, and breastfeeding goal. Our study adjusted for plans to breastfeed and 



demographic factors while assessing the effects of pacifier use, digit sucking, and number of child care days. However, 
neither study specifically assessed reasons for use of the pacifier, in particular, in relation to work and child care 
requirements. So pacifiers could have been used to facilitate weaning, thus resulting in the association with reduced 
breastfeeding. Also, there may be other confounding differences between those using pacifiers and those who did not. 

Although decisions by mothers to return to work, or for other reasons, have their infants attend child care were not 
generally associated with reductions in breastfeeding, our results suggest that child care has an important impact on 
determining the relationships between non-nutritive sucking behaviors and cessation of breastfeeding. It has been 
suggested that infants’ abilities to easily and successfully breastfeed are adversely affected by non-nutritive sucking, 
resulting in reductions in the frequency and consistency of the breastfeeding sessions. Our data support the concept. 
However, it is important to acknowledge that decisions to stop breastfeeding (often prior to return to work) may have 
preceded and led to the increase in non-nutritive sucking, rather than sucking leading to cessation of breastfeeding. That 
is, after the decision has been made to stop breastfeeding, a pacifier may be introduced to ease the transition to bottle 
feeding. 

Additional studies involving in-depth interviews concerning initial and subsequent breastfeeding, employment, and child 
care plans would be warranted to address this question further. In addition, more controlled studies to determine whether 
there is any biological relationship between non-nutritive sucking and breastfeeding difficulties are warranted. Clearly, 
the social, biological, and economic factors involved in decisions to initiate and cease breastfeeding are complex and will 
require more study, both in the United States and throughout the world. 

·  A C K N O W L E D G M E N T S  ·  

Our study was supported in part by National Institutes of Health grants #RO1-DE09551 and #P30-DE10126 and the 
University of Iowa’s Obermann Center for Advanced Study. We thank the staff of the Iowa Fluoride Study for their 
assistance in implementing the study, and Tina Craig for manuscript preparation. 

R E F E R E N C E S 

1. Molbak K, Gottschau A, Aaby P, Hojlyng N, Ingholt L, daSilva AP. Prolonged breastfeeding, 
diarrheal disease, and survival of children in Guinea-Bissau. BMJ 1994;308:1403–6.  

2. Victora CG, Smith PG, Vaughan JP, et al. Evidence for protection by breast-feeding against infant 
deaths from infectious diseases in Brazil. Lancet 1987;2:319–22.  

3. Cesar JA, Victora CG, Barros FC, Santos S, Flores JA. Impact of breastfeeding on admissions for 
pneumonia during post neonatal period in Brazil: nested case-control study. BMJ 1999;318:1316–
20.  

4. Cushing AH, Samet JM, Lambert WE, et al. Breastfeeding reduces risk of respiratory illness in 
infants. Am J Epidemiol 1998;147:863–70.  

5. Scariati PD, Grummer-Strawn LM, Fein SB. A longitudinal analysis of infant morbidity and the 
extent of breastfeeding in the United States. Pediatrics 1997;99:E5.  

6. Duffy LC, Faden H, Wasielewski R, Wolf J, Krystofik D. Exclusive breastfeeding protects against 
bacterial colonization and day care exposure to otitis media. Pediatrics 1997;100:E7.  

7. Gilbert RE, Wigfield RE, Fleming PJ, Berry PJ, Rudd PT. Bottle feeding and the sudden infant 
death syndrome. BMJ 1995;310:88–90.  

8. L’Hoir MP, Engelberts AC, van Well GT, et al. Dummy use, thumb sucking, mouth breathing and 
cot death. Eur J Pediatr 1999;158:896–901.  

9.  The World Health Organization multinational study of breastfeeding and lactational amenorrhea. 
IV. Postpartum bleeding and lochia in breastfeeding women. World Health Organization Task 
Force on Methods for the Natural Regulation of Fertility. Fertil Steril 1999;72:441–7.  

10. Ball TM, Wright AL. Health care costs of formula-feeding in the first year of 
life. Pediatrics 1999;103(4 Pt. 2):870–6.  

11. Simopoulos AP, Grave GD. Factors associated with the choice and duration of infant feeding 
practice. Pediatrics 1984;74:603–14.  



12.  American Academy of Family Physicians. Breastfeeding and Infant Nutrition. Available at: 
www.aafp.org/policy/issues/i3.htmal. Accessed July 16, 2001.  

13.  American Academy of Pediatrics. Work Group on Breastfeeding. Breastfeeding and the use of 
human milk. Pediatrics 1997;100:1035–9.  

14. Piper S, Parks PL. Predicting the duration of lactation: evidence from a national 
survey. Birth 1996;23:7–12.  

15. Weile B, Rubin DH, Krasilnikoff PA, Kuo HS, Jekel JF. Infant feeding patterns during the first year 
of life in Denmark: factors associated with the discontinuation of breastfeeding. J Clin 
Epidemiol 1990;43:1305–11.  

16. Levy BT, Bergus GR, Levy SM, Kiritsy MC, Slager SL. Longitudinal feeding patterns of Iowa 
infants. Ambulatory Child Health 1996;2:25–34.  

17. Rutishauser IH, Carlin JB. Body mass index and duration of breastfeeding: a survival analysis 
during the first six months of life. J Epidemiol Community Health 1992;46:559–65.  

18. Simopoulos AP, Grave GD. Factors associated with the choice and duration of infant-feeding 
practice. Pediatrics 1984;74:603–14.  

19. Kruinij N, Shiono PH, Rhoads GG. Breast-feeding incidence and duration in black and white 
women. Pediatrics 1988;81:365–71.  

20. Righard L, Alade MO. Sucking technique and its effect on success of 
breastfeeding. Birth 1992;19:185–9.  

21. Righard L, Alade MO. Breastfeeding and the use of pacifiers. Birth 1997;24:116–20.  
22. Righard L. Are breastfeeding problems related to incorrect breastfeeding technique and the use of 

pacifiers and bottles? Birth 1998;25:40–4.  
23. Victora CG, Tomasi E, Olinto MT, Barros FC. Use of pacifiers and breastfeeding 

duration. Lancet 1993;341:404–6.  
24. Ford RP, Mitchell EA, Scragg R, Stewart AW, Taylor BJ, Allen EM. Factors adversely associated 

with breastfeeding in New Zealand. J Pediatrics Child Health 1994;30:483–9.  
25. Clements MS, Mitchell EA, Wright SP, Esmail A, Jones DR, Ford RP. Influences on breastfeeding 

in southeast England. Acta Paediatrica 1997;86:51–6.  
26. Vadiakas G, Oulis C, Berdouses E. Profile of non-nutritive sucking habits in relation to nursing 

behavior in pre-school children. J Clin Pediatr Dent 1998;22:133–6.  
27. Larsson E. Orthodontic aspects on feeding of young children: a comparison between Swedish and 

Norwegian-Sami children. Swed Dent J 1998;22:117–21.  
28. Barros FC, Victora CG, Semer TC, Tonioli Filho S, Tomasi E, Weiderpass E. Use of pacifiers is 

associated with decreased breast-feeding duration. Pediatrics 1995;95:497–9.  
29. Victora CG, Behague DP, Barros FC, Olinto MT, Weiderpass E. Pacifier use and short 

breastfeeding duration: cause, consequence, or coincidence? Pediatrics 1997;99:445–53.  
30. Hörnell A, Aarts C, Kylberg E, Hofvander Y, Gebre-Medhin M. Breastfeeding patterns in 

exclusively breastfed infants: a longitudinal prospective study in Uppsala, Sweden. Acta 
Paediatr 1999;88:203–11.  

31. Aarts C, Hornell A, Kylberg E, Hofvander Y. Gebre-Medhin. Breastfeeding patterns in relation to 
thumb sucking and pacifier use. Pediatrics 1999;104:e50.  

32. Riva E, Banderali G, Agostoni C, Silano M, Radaelli G, Giovannini M. Factors associated with 
initiation and duration of breastfeeding in Italy. Acta Paediatr 1999;88:411–5.  

33. Howard CR, Howard FM, Lanphear B, de Blieck EA, Eberly S, Lawrence RA. The effects of early 
pacifier use on breastfeeding duration. Pediatrics 1999;103:E33.  

34. Simopoulos AP, Grave GD. Factors associated with the choice and duration of infant-feeding 
practice. Pediatrics 1984;74(4 Part 2):603–14.  

35. Palmer B. The influence of breastfeeding on the development of the oral cavity: a commentary. J 
Hum Lact 1998;14:93–8.  

36.  Protecting, promoting, and supporting breast-feeding: the special role of maternity services. A 



joint WHO/UNICEF statement. Geneva: World Health Organization, 1989.  
37. Bergus GR, Levy BT, Levy SM, Slager SL, Kiritsy MC. A longitudinal study of the exposure of 

infants to antibiotics during the first 200 days of life. Arch Fam Med 1996;5:523–6.  
38. Bergus GR, Levy SM, Kirchner L, Warren JJ, Levy BT. A prospective study of infection and 

associated antibiotic use in young children. Pediatr Perinatal Epidemiol 2001;15:61–7.  
39. Levy SM, Kiritsy MC, Slager SL, Warren JJ, Kohout FJ. Patterns of fluoride dentifrice use among 

infants. Pediatr Dent 1997;19:50–5.  
40. Heilman JR, Kiritsy MC, Levy SM, Wefel JR. Fluoride content of infant foods and 

cereals. JADA 1997;128:857–63.  
41. Levy SM, Kiritsy MC, Slager SL, Warren JJ. Patterns of fluoride supplement use during infancy. J 

Public Health Dent 1998;58:228–33.  
42. Heilman JR, Kiritsy MC, Levy SM, Wefel JS. Fluoride levels of carbonated soft drinks. J Am Dent 

Assoc 1999;130:1593–9.  
43. Levy SM, Warren JJ, Davis CS, Kirchner HL, Kanellis MJ, Wefel JS. Patterns of fluoride intake 

from birth to 36 months. J Public Health Dent 2001;61:70–7.  
44. Labbok M, Kroasovec K. Toward consistency in breast-feeding definitions. Stud Fam 

Planning 1990;21:226–30.  
45. Cox DR. Regression models and life-tables (with discussion). J Royal Stat Soc 1972;B34:187–

220.  
46.  SAS Institute, Inc. SAS technical report P-229, SAS/STAT software: changes and 

enhancements. Release 6.07. Cary, NC: SAS Institute, 1992. 

All correspondence should be addressed to Dr. Steven M. Levy, University of Iowa College of Dentistry, 
Department of Preventive & Community Dentistry, N329 Dental Science Building, Iowa City, IA 52242. E-
mail: steven-levy@uiowa.edu 

To submit a letter to the editor on this topic, click here: jfp@fammed.uc.edu. 

THE JOURNAL OF FAMILY PRACTICE ©2002 Dowden Health Media 


