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Abstract
Introduction  The 2030 health agenda for the United Nations Sustainable Development Goals promote exclusive breastfeeding 
(EBF) for the first 6 months of life as a central step towards ensuring the survival of infants. As Jamaica attempts to achieve 
this goal, monitoring the rates of EBF is desirable. Currently, EBF rate is measured by questionnaires which are subject 
to recall and social desirability biases. We determined the rate of EBF using the Deuterium-oxide dose-to-mother (DTM) 
method and 24-h recall. The concordance of both methods and urban–rural differences of EBF were evaluated. Additionally, 
the growth of infants who were exclusively breastfed was compared to the infants who were mixed-fed.
Methods  Sixty-one healthy mother–child pairs were followed from birth. EBF was measured at 6 weeks. Growth was deter-
mined using standard anthropometric measurements. Differences in means were assessed by independent t-test or ANOVA. 
The agreement between the DTM and 24-h recall method was assessed with the kappa statistic. Differences in anthropometry 
and location were determined using a repeated measure model approach.
Results  Thirty (49%) women exclusively breastfed their infants with mean breast milk intake of 1024.3 ± 256.9 g/day. 
There was moderate agreement between the methods (Agreement 69%, kappa 0.37, p = 0.002). Rural women (65%) were 
more likely to practice exclusive breastfeeding. There was no significant difference between the growth of the exclusively 
breastfed infant and mixed-fed infants.
Conclusion  EBF rate was successfully measured using the DTM method. Women from urban settings are less likely to prac-
tice EBF. Further research may be needed to gain an in-depth understanding of the factors affecting breastfeeding practices 
in urban Jamaica.
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Significance Statement

What is known Current methods of measuring breastfeeding 
in Jamaica is subject to recall bias and may fail to determine 
the true prevalence of exclusive breastfeeding. A quantitative 
reliable method is needed to give a true picture of the current 
rate of exclusive breastfeeding.

What this study adds This study demonstrated the suc-
cessful use of the safe and reliable deuterium-oxide dose-to-
mother method to determine exclusive breastfeeding and to 
quantitatively measure breastmilk intake in Jamaica.

Introduction

Breast milk is accepted as the best source of nutrition for 
the young infant with benefits that are both immediate and 
long-term. Exclusive breastfeeding (EBF) is practised when 
the infant is fed with breast milk and no other solids or liq-
uids including water with the exception of oral rehydration 
salts, medicines and vitamin or mineral supplements (WHO, 
2008). Exclusive breastfeeding is of importance in low- and 
middle-income countries where the occurrence of infectious 
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diseases is high and poor sanitation and lack of potable water 
are quite widespread (Victora et al., 2016a, 2016b). The 
practice of breastfeeding (BF) has the possibility to avert 
over 800,000 deaths in children 5 years and under in devel-
oping nations (Black et al., 2013) with the effect being more 
evident if the infant is exclusively breastfed (Mihrshahi, 
2008). Exclusive or predominantly breastfed infants are less 
likely to be stunted and are at a reduced risk of developing 
lower respiratory and gastrointestinal illnesses (Duijts et al., 
2009) and chronic non-communicable diseases later in life 
(Bernardo et al., 2013; Rudnicka et al., 2007) compared to 
infants who receive little or no breast milk during infancy. 
This effect is likely to be mediated by differences in early 
growth of the infants based on breast milk and mixed milk 
intake. However, in Jamaica, it is unclear as previous stud-
ies that examined the relationship between early growth and 
chronic non-communicable disease did not explore the rela-
tionship with breastfeeding (Boyne et al., 2010; Forrester 
et al., 1996; Lawrence-Wright et al., 2011).

Breastfeeding is also beneficial to the health of the lactat-
ing woman. Women who practise exclusive breastfeeding 
are more likely to have their uterus returning to its normal 
size and there is less postpartum blood loss (Dieterich et al., 
2013). Exclusively lactating women also experience lacta-
tional amenorrhea; the period in which there is no menstrua-
tion due to the hormonal effects of breastfeeding, thereby 
preserving iron stores (Dieterich et al., 2013). Breastfeeding 
may also increase the likelihood of weight loss in women 
who had gained excess weight during pregnancy, reducing 
the risk of obesity and the likelihood of developing type-2 
diabetes and hypertension (Williams et al., 2014). Therefore, 
promoting exclusive breastfeeding could be a key strategy 
used to curb the debilitating effects of the double burden of 
disease in a country experiencing nutrition transition, such 
as Jamaica.

The recommendation by the World Health Organisation 
(WHO) is that all infants be exclusively breastfed for the 
first 6 months of life with continued breastfeeding for up 
to 2 years with appropriate complementary feeding (WHO, 
2001). While the rate of initiation for exclusive breastfeeding 
is high, most women struggle to meet this requirement and 
often the rate of exclusive breastfeeding declines substan-
tially in the first few months postpartum (Chatman et al., 
2004). Currently, the rate of exclusive breastfeeding in 
Jamaica is measured using questionnaires administered to 
the mothers of infants between the ages of 0 to 6 months at 
the health clinics during routine health checks. The limita-
tion of this method is it can be affected by recall. Addition-
ally, the desire of the mothers to appease healthcare profes-
sionals often results in a higher reporting of breastfeeding 
than what is being practised (Mulol & Coutsoudis, 2018). 
Previous studies in Jamaica that have reported BF preva-
lence, utilized questionnaires and reported rates of 30% in 

urban areas at 6 weeks (Kurzewski, 2005) and 22.2% in the 
rural areas at 6 months (Chatman et al., 2004). However, 
whether the differences in BF patterns are reliable at post-
delivery between urban and rural women is unknown. The 
deuterium-oxide dose-to-mother method (DTM) is a quan-
titative assessment of the volume of milk ingested by an 
infant thus providing an objective measure of breastfeeding 
practice (IAEA, 2010; Lokonon et al., 2020; Mulol et al., 
2020). The 2030 health agenda for the United Nations Sus-
tainable Development Goals promote breastfeeding as a 
central and practical step towards protecting the survival of 
infants and women through exclusive breastfeeding. As the 
Jamaican government attempt to achieve this goal, moni-
toring and assessing the rates of exclusive breastfeeding is 
desirable. Therefore, the primary goals of this study were, 
to determine the prevalence of EBF utilizing the deuterium-
oxide dose-to-mother method at 6 weeks post-delivery, to 
determine whether there were urban–rural differences and 
to determine concordance by the methods used and to deter-
mine the exclusive breastfeeding rates. The secondary goal 
was to compare the growth of infants fed exclusively with 
breastmilk and infants who are mixed-fed (both formula and 
breast milk) at 6 weeks.

Method

Subjects and Participation

Jamaica is a Caribbean Island Nation classified as an upper 
middle-income country (UMIC) with a population of 
approximately 2.9 million, of which 937,700 resides in the 
urban capital of Kingston. Manchester is a parish located in 
the central area of the island with a population of approxi-
mately 91,000. Participants were chosen from Kingston and 
Manchester as the high population density would provide 
good representation of both rural and urban Jamaica. The 
study design was longitudinal and observational. The deu-
terium-oxide dose-to-mother protocol was conducted in the 
Manchester parish capital at the Mandeville Health Centre, 
in Health Centres across the neighbouring parishes of Clar-
endon and St Elizabeth and at the study site located at the 
Caribbean Institute for Health Research, Tropical Metabo-
lism Research Unit (CAIHR-TMRU), The University of the 
West Indies, Kingston Jamaica.

Eligible individuals were identified through the hospital 
admission records from the maternity wards of the Univer-
sity Hospital of the West Indies in the parish of Kingston 
and the Mandeville Hospital in the Parish of Manchester, 
Jamaica. Individuals were approached and invited to par-
ticipate. Informed consent was received from persons will-
ing to participate until the required number for the study 
was achieved. Prior to enrolment, the eligibility of the 
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mother-infant pairs to participate in the study was verified 
using a wellness questionnaire. Eligibility criteria included 
mothers between the ages of 18 to 40 years with single-
ton termed births (37 to 42 weeks gestation) and infants 
with Apgar scores of 8 to 10. Exclusion criteria included 
women who had a complicated pregnancy or presented 
with any infectious diseases, chronic illness or genetic dis-
orders that would prevent breastfeeding and infants with 
congenital disorders, or any defect that would interfere 
with their ability to feed, were premature or admitted to 
the neonatal nursery during the first week of life.

One hundred and twenty-nine women were approached 
to be enrolled in the study, (Fig. 1), of these, 107 mothers 
gave informed consent. Of this total, 34 mothers could 
not continue due to personal reasons; 4 were relocated to 
other areas and 2 cited health reasons and withdrew their 
consent. DTM protocol was conducted in 67 mothers at 
6 weeks of which 61 had evaluable data.

This study was funded by a grant from the Office of 
Graduate Studies and Research, University of the West 
Indies (UWI), Mona Campus and the International Atomic 
Energy Agency, (IAEA). Ethical approval was granted by 
the University Hospital of the West Indies, University of 
the West Indies, Faculty of Medical Sciences, (UHWI/
UWI/FMS) Ethics committee and the Ministry of Health 
Ethics Board, Jamaica. This study was performed in 
accordance with the standard established in the Declara-
tion of Helsinki (1964) ("Declaration of Helsinki (1964)," 
1996) and all its later amendments. All participants gave 
a signed informed consent before being enrolled in the 
study. Subsequently, the mothers of the infant completed 
an interviewer-administered questionnaire that sought to 
obtain information on breastfeeding practice and socio-
economic status.

Feeding Practice by Questionnaire

The infants’ mothers were interviewed on a weekly basis 
by telephone from birth to 6 weeks. The main aims of the 
interview were to determine the breastfeeding practice and 
to describe the infant’s dietary intake and wellness status. 
On each occasion, the participants were asked whether 
they were breastfeeding, how often they breastfed and for 
how long during each feed. If breastmilk was not the only 
food given, then each responder would be asked to share 
details about the additional foods that were given such as, 
vitamins or mineral supplements, sweetened water (lemon-
ade) or glucose, flavoured or plain water, fruit juice, tea, 
infant formula, Canned “tinned”, powdered or fresh milk 
(cow’s milk) or soy “milk”, solid or semi-solid food or oral 
rehydration salts (ORS) etc. The information would then be 
coded, and each participant classified based on the WHO 
criteria for exclusive breastfeeding.

Feeding Practice by Direct Measurement

Milk intake was measured quantitatively using the DTM 
method at 6 weeks postnatal age (IAEA, 2010). This tech-
nique also facilitates the determination of non- breast milk 
intake thereby allowing exclusive breastfeeding to be esti-
mated. Deuterium oxide is also called heavy water, it occurs 
naturally in the environment at approximately 150 parts per 
million in water and it is also found in the human body 
(IAEA, 2010; Mulol et al., 2020). Therefore, pre-dose saliva 
samples were collected from the mother and the infant prior 
to administering the deuterium oxide to adjust for back-
ground enrichment. At the beginning of the protocol (Day0), 
the mother of the infant consumed a weighed enriched dose 
(30 g 99.9% D2O; Sigma-Aldrich Corp) of deuterium oxide. 
The deuterium oxide mixes with the mother’s body water 
and forms a part of her saliva and breastmilk. Deuterium 
oxide can only be passed from the mother to the infant 
through the mother’s milk. If the infant receives breastmilk, 
the deuterium from the milk also mixes with the infant’s 
body water and forms a part of the saliva. Post-dose saliva 
samples were then collected from the mother and infant on 
days 1, 2, 3, 4, 13 and 14. The saliva samples were obtained 
by placing a small sterile cotton ball into the mouth of the 
mother and allowing it to remain until saturated (IAEA, 
2010). The infants’ mouths were swabbed with sterile cotton 
until saturated; the cotton wool was then transferred to 20 ml 
syringes where the saliva sample was expressed into col-
lecting tubes. The saliva samples were collected at least one 
hour after the mother and infant had eaten. As best as possi-
ble, the samples were collected at the same time on each day 
during the collection period. Saliva samples were then stored 
at − 20 °C until they were analysed. Infants’ body weights 

Approached n= 129 

Withdrawals n=34
Relocation n=4

Health concerns n=2 

6-week visit (n=67)

Evaluable data n=61

Consented n= 107 

Not Interested 
n=22

Fig. 1   Flowchart of recruitment, participation and follow-up of study 
participants
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were measured again on day 14 to monitor growth during the 
2-week period of the DTM protocol (IAEA, 2010).

Deuterium enrichment was determined from the saliva 
samples of the mother and infant by Fourier-transform infra-
red spectroscopy (FTIR) according to standard instructions 
outlined by the manufacturer (Agilent 4500 Tumbl-IR, 
Agilent Germany). Samples were measured twice or until a 
coefficient of variation of less than 1% was achieved (IAEA, 
2010). The average of the two values was used to determine 
deuterium enrichment. Quantitative determination of water 
intake from breastmilk and other sources was determined 
based on the theory of the two compartment model (IAEA, 
2010). In the two-compartment model, enrichment values 
measured from the mother and infant over the 2-week period 
were used to generate curves by fitting the measures into 
equations using the Solver function of Microsoft Excel® 
(IAEA, 2010). The Solver function uses non-linear regres-
sion to compute, by repeated measures, the value of the 
constants that decrease the sum of the squares of the differ-
ences between actual measured and expected values both 
for mother and infant data. This produced values for both 
the labelled (from breastmilk) and non-labelled water. An 
infant was classified as exclusively breastfed if the intake 
of non-labelled water was less than or equal to 87 g/day. 
Infants with intakes greater than 87 g/day of non-breast milk 
water were classified as non-exclusive breastfed (mixed-fed) 
(IAEA, 2010).

Anthropometry

The length and weight of each mother-infant pair were meas-
ured by standard anthropometric methods and recorded on 
the day of the deuterium study. For infants, birth anthropom-
etry was extracted from hospital records. Gender-specific 
z-scores for length/height-for-age, and head circumference-
for-age were calculated using the World Health Organization 
(WHO) growth charts as reference.

Statistical Analysis

Values are expressed as frequencies, proportions, and means 
with standard deviations as appropriate. Differences in group 
means were assessed by independent t-test or ANOVA and 
associations between categorical variables by Chi-square 
statistic. The agreement between the deuterium-based clas-
sification of breast milk intake and questionnaire-based 
classification was assessed with the kappa statistic. To 
determine whether there were differences in anthropometry 
by feeding mode, location and gender, a repeated measure 
model approach was used with repeated factor anthropo-
metric measures and gender, location and feeding mode, 
the between factors. All statistical analyses were performed 

using the STATA version 14©, StataCorp, College Station, 
Texas, USA.

Results

Maternal Characteristics

Of the total 61 women who completed the DTM protocol, 
35 were from the urban area and 26 from the rural area. 
The mean age was 28.6 ± 6.2 years and there was no sig-
nificant difference in womens’ age by location. Similarly, 
there were no significant differences in womens’ weight, 
height, or BMI fat mass by location (Table 1). However, 
there were significant associations between income level, 
employment status, parity and educational level and loca-
tion with urban women having greater than expected income 
level, educational attainment, and lower parity than rural 
women. Women who are employed and are becoming first 
time mothers are significantly less likely to breastfeed.

A significantly higher proportion of rural women 65% 
(17/26) practised exclusive breastfeeding, compared with 
urban women 37% (13/35). The overall exclusive breast-
feeding proportion for this sample was 49%. However, 
based on mothers’ report, 47% practised exclusive breast-
feeding (Table 2). There was moderate agreement between 
the breastfeeding classification by the DTM method and 
the 24-h recall (Agreement 69%, kappa 0.37, p = 0.0016). 
Within location, there were no significant differences in 
anthropometry between the women who exclusively breast-
fed compared to women who did not (Table 1).

Milk Intake

The mean overall intake of human milk in the infants was 
901.9 g/day and the mean total intake of water from other 
sources was 231.5 g/day. As expected, the mean intake of 
breast milk was 1024.3 ± 256.9 g/day in the exclusively 
breastfed infants which was significantly greater than the 
mean of 783.4 ± 341.4 g/day milk intake in the 29 infants 
who were not exclusively breastfed (Table 3). Infants of 
rural mothers consumed on average more breast milk com-
pared with infants of urban mothers (1042 g/d ± 221 g/d 
vs 798  g/d ± 351  g/d, p < 0.003). However, there was 
no difference in milk intake by gender (Male vs Female, 
962 g/d ± 330 g/d vs 847 g/d ± 313 g/d, p = 0.16)) or employ-
ment status of the women (employed vs unemployed, Fig. 2).

Infant Growth

As expected, there were significant increases in absolute 
weight, height, and head circumference values from birth 
to the 6-weeks. There was positive change in z-score from 
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birth to six weeks for weight-for-age, but this was only sig-
nificant for the urban exclusively breastfed infants (Fig. 3). 
There was no significant difference in length-for-age z-score 
change between birth and the 6 weeks by location and feed-
ing mode. However rural infants had significantly lower head 

circumference z-scores at 6 weeks relative to birth but there 
was no difference in head circumference z-score change for 
urban infants (Fig. 3). Additionally, there was a significant 
positive association between milk intake and weight-for-age 
z-score adjusting for weight-age z-score measurement at 
birth with a 100 g/d increase in milk intake associated with 
a 0.14 weight-for-age z-score increase at 6 weeks (Fig. 4). In 
contrast, there was no association of milk intake with head 
circumference or length-for-age (Fig. 4). 

Discussion

In the present study, the prevalence of exclusive breast-
feeding was determined using the deuterium-oxide dose-
to-mother method. Previous studies in Jamaica, have dem-
onstrated an exclusive breastfeeding prevalence of 30% in 
urban areas at 6 weeks (Kurzewski, 2005) and 22.2% in 
the rural areas at 6 months (Chatman et al., 2004) using 

Table 1   Maternal anthropometric characteristics for rural and urban mothers and by feeding type

EBF exclusive breastfeeding, NEBF non-exclusive breastfeeding
a Significant difference between location
b Significant difference within location

Anthropometric and Socio-
demographic characteristics

Rural (n = 26) Urban (n = 35) All (n = 61) P value

EBF (n = 17) NEBF (n = 9) EBF (n = 13) NEBF (n = 22)

Mean ± sd Mean ± sd Mean ± sd Mean ± sd Mean ± sd

Age (years) 30.4 ± 6.7 27.1 ± 6.1 29.2 ± 5.4 28 ± 6.4 28.8 ± 6.2 0.5
Weight (kg) 64.8 ± 13.4 66.4 ± 15.1 76.3 ± 22.7 65.6 ± 12 67.7 ± 15.9 0.2
Height (cm) 161.9 ± 7.4 162.7 ± 13.1 166.6 ± 7.2 161.3 ± 7.1 162.8 ± 8.4 0.3
BMI (kg/m2) 24.5 ± 3.9 25.3 ± 6.1 27.4 ± 7.4 25.1 ± 3.5 25.5 ± 5 0.5
Fat free mass kg 39.3 ± 5.1a 38.7 ± 4.3a 52.9 ± 10.6b 48 ± 7.1b 44.6 ± 9  < 0.001
Fat mass kg 24.6 ± 10 27.7 ± 11.7 21.1 ± 15.2 21.4 ± 14.4 23.5 ± 12.7 0.6
Fat mass % 37.2 ± 8.7a 40.2 ± 8.6a 26.1 ± 10.9b 28.7 ± 11.8a 32.9 ± 11.3  < 0.004
Income level  < 0.001
  < $20,000 10 6 0 0 16
 $20–60,000 3 3 1 8 15

  > $60,000 2 0 8 12 22
Employment status  < 0.006
 Employed 8 2 12 15 37
 Unemployed 8 7 1 7 23

Marital status 0.08
 Unmarried 9 9 11 16 45
 Married 7 0 2 6 15

Educational level  < 0.02
 Secondary/primary 13 9 5 15 42
 Tertiary 3 0 8 7 18

Parity  < 0.001
 Primigravida 10 10 20
 Multigravida 17 9 3 12 41

Table 2   Agreement between Deuterium-oxide dose-to-mother 
method and the 24-h recall

DTM dose to mother, EBF breastfeeding. Agreement 69%, kappa 
0.37, p = 0.0016, Sensitivity to identify Exclusive BF = 66.7% 95 CI 
47.2% to 82.7%, Specificity for Exclusive BF = 71% 95 CI 52% to 
86%

24-h recall Stable isotope method Total

EBF Mixed feeding

EBF 20 9 29
Mixed feeding 10 22 32
Total 30 31 61
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recall. The DTM method demonstrated that approximately, 
49% of mothers practised exclusively breastfeeding at 
6 weeks with geographical locale being a major deter-
minant. Reports of large differences in exclusive breast-
feeding by geographical location observed in this study 
are similar in Niger where only 15.8% of urban mothers 
practised EBF and 54.4% of rural mothers practised EBF 
(Hitachi et al., 2019). Urbanisation and modernisation in 

developing countries over the last few decades have been 
reported to be contributing factors of low breastfeeding 
rates (Oakley et al., 2017; Victora et al., 2016a, 2016b). 
This study was no exception as the findings demonstrated 
that mothers from the urban area were less likely to exclu-
sively breastfeed their infants. Urbanisation is positively 
associated with employment, higher educational attain-
ment and income (Narayan, 2016). Whereas higher educa-
tional attainment and wealth have been positively associ-
ated with better breastfeeding behaviours (Victora et al., 
2015), mothers’ employment is associated with a lower 
likelihood of breastfeeding (Victora et al., 2016a, 2016b). 
The demands associated with employment, oftentimes 
deny mothers the opportunity to breastfeed or express 
breast milk for the infant (Victora et al., 2016a, 2016b). 
In addition, infant formula is readily available in urban 
areas and the ability to purchase infant formula is often 
viewed as being in a higher social class or having greater 
wealth (Patel et al., 2010; Rahman & Akter, 2019). In this 
study, mothers from the urban area were more likely to be 
employed, had attained higher education, and had higher 
income compared to the mothers of the rural area. Con-
trary to the findings of this study, urbanisation was posi-
tively associated with exclusive breastfeeding in women 
living in the sub-urban areas of Malawi (Kamudoni et al., 
2007). However, in the study conducted in Malawi, rural 
women were more likely to give birth outside of a health 
care facility. Rural women in Malawi were also less likely 
to benefit from the education and support for exclusive 
breastfeeding provided by the health care facilities and 
are more likely to introduce alternate foods at an earlier 
age (Kamudoni et al., 2007). Based on the foregoing, it is 
evident that the sociodemographic factors affecting breast-
feeding initiation and duration may vary in the degree and 
direction of influence depending on the country’s social 
and health infrastructure. In Jamaica, there is no disparity 

Table 3   Anthropometric and milk intake of infants by location and Breastfeeding status

EBF exclusive breastfeeding, NEBF non-exclusive breastfeeding

Birth 6 weeks

Anthropometry and Milk 
intake in infants

Rural Urban Rural Urban

EBF NEBF EBF NEBF EBF NEBF EBF NEBF

Female to male ratio 9:8 5:4 6:7 12:10
Age (months) 1.6 ± 0.3 1.6 ± 0.1 1.8 ± 0.3 1.7 ± 0.2
Weight (kg) 3.3 ± 0.5 3.3 ± 0.5 3.4 ± 0.3 3.2 ± 0.4 5.1 ± 0.6 5.2 ± 1.2 5.5 ± 0.7 5.1 ± 0.7
Height (cm) 50.5 ± 3.4 50 ± 1.9 50.5 ± 1.9 48.3 ± 2.8 56.8 ± 2.6 57.4 ± 2.5 57 ± 2.1 55 ± 2
Head Circumference (cm) 34.1 ± 1 33.1 ± 1.5 33.9 ± 1.4 34 ± 1.4 36.7 ± 1.5 36.1 ± 1.4 38.5 ± 2.2 38.3 ± 1.6
Milk Intake (g/d) 1076.5 ± 208.7 976.8 ± 240.4 956 ± 304.1 704.3 ± 349.2
Milk Intake (g/kg/d) 211.2 ± 30.3 189.9 ± 34.3 173.9 ± 47.1 136.5 ± 63.6
Non-Breast Milk Intake (g/d) 20.8 ± 30 209.1 ± 66.6 22.6 ± 29.2 526.9 ± 512.7
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Fig. 2   Comparison of milk intake by gender and employment status
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in the availability of support for breastfeeding or health 
facility in the rural and urban areas (UNICEF, 2013).

Exclusive breastfeeding at 6 weeks was significantly 
higher in women who are multiparous compared to primipa-
rous women. Multiparous women with previous breastfeed-
ing experience have a greater understanding of breastfeed-
ing and are more likely to overcome the challenges often 
encountered with the practice compared to primiparous 
women (Hackman, 2015). In addition, parity is strongly 
associated with delayed onset of milk production after 

childbirth; 33% of primiparous women are more likely to 
experience delay compared to 5% of multiparous women 
(Dewey et al., 2003). Parity may have contributed to the 
difference in rates of exclusive breastfeeding observed by 
location, as in the current study, all the women from the rural 
area were multiparous.

One major advantage of using the deuterium-oxide dose-
to-mother technique is the ease at which the quantity of 
human milk and non-breast milk water intake is estimated 
to objectively determine breastfeeding practices. Based on 
the DTM method, exclusive breastfeeding was classified 
based on the quantity of non-breast milk water received by 
the infant. Infants who received ≤ 87 g/day of non-breast 
milk were classified as exclusively breastfed (Liu et al., 
2019a). Forty-nine per cent (49%) of the infants in the study 
were identified as exclusively breastfed based on this clas-
sification. Proportionally, this was comparable to the 47% 
of exclusive breastfeeding classified by mothers’ recall. 
This present finding contrasts with the findings of previ-
ous studies that have investigated the agreement between 
self-reported breastfeeding practices and the DTM (Medoua 
et al., 2012; Motswagole et al., 2015; Mulol & Coutsoudis, 
2018). Typically, recall methods are often subjected to self-
reported biases and may not reliably estimate exclusively 
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from birth to 6 weeks by feeding group

Fig. 4   Variation of Anthropometry z-score with breastmilk intake at 
6 weeks adjusting for birth anthropometry
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breastfeeding rates. This is especially common in instances 
where there are programs aimed at behavioural changes for 
breastfeeding practice (Lokonon et al., 2020; Moore, 2007; 
Mulol & Coutsoudis, 2018). The recall method is likely 
to overestimate the true estimate of EBF, as mothers are 
likely to respond in ways that are viewed more favourably 
by healthcare professionals (Hebert et al., 2008; Mulol & 
Coutsoudis, 2018). Furthermore, the true rate can be missed 
if additional foods were given a few days before the recall. 
However, in this current study, a similar proportion of moth-
ers reported practising exclusive breastfeeding by recall 
compared to the DTM method. The observed concordance 
between the two methods could be attributable to recency 
bias. Maternal recall of breastfeeding duration and initia-
tion was found to be valid and reliable if the time of recall 
was within a period of 3 years or less, compared to a longer 
period of recall (Li et al., 2005). In the present study, the 
women were interviewed every week from one week post-
partum until the DTM protocol was administered.

The mean values of breastmilk intake determined in the 
women who practised EBF were significantly different from 
the women who practised mixed feeding. However, the range 
of values was comparable to findings of similar studies in 
settings of similar socioeconomic climate such as Bangla-
desh (Moore, 2007) and Brazil (HAISMA, 2003).

A secondary outcome of the present study was to com-
pare the differences in growth of the exclusively breastfed 
infants with infants who were mixed-fed at 6 weeks. Dur-
ing the study period, there was no significant difference in 
growth between infants who were exclusively breastfed or 
mixed-fed. Unlike previous studies that demonstrated a dif-
ference in growth between formula-fed infants and breast-
fed infants at one month (Agostoni et al., 1999) and six to 
eight weeks (Ziegler, 2006) of age, this study did not show 
any significant difference in the weight-for-age or length-
for-age between the two groups of infants. All the infants 
in this study received breast milk and so the quantity of the 
different foods received in the mixed-fed group may not be 
sufficient to produce a significant difference in the growth 
variables as seen in the above-mentioned studies (Agostoni 
et al., 1999; Ziegler, 2006). In addition, the 6-week period 
may have been too short to observe any noticeable differ-
ences in the growth patterns between the two groups of 
infants. Furthermore, the sample size may have been too 
small to detect any measurable significant difference.

Limitations

In the current study, the use of the deuterium-oxide dose-to-
mother technique was successfully used to determine breast-
milk intake and to determine breastfeeding practices. Cur-
rently, the DTM method is considered to be the gold standard 

due to its non-invasive nature and ease of administration, how-
ever, there are a few limitations that need to be highlighted. 
The technique requires that saliva samples are collected over 
two weeks before classification can be determined. This clas-
sification may not be generalizable on a long-term basis as 
the choice of feeding may change thereafter. To compensate 
for this weakness, a concordance test with the 24-h recall was 
performed in this study to assist with generalizability.

Conducting the study protocol can prove to be quite costly 
and labour intensive as it involves purchasing the deuterium 
oxide for dose and administration, collection of seven post-
dose saliva samples and analysis of samples in duplicate. This 
could be a disadvantage for large studies or studies with lim-
iting funding. However, subsequent to the collection of the 
data for this current study, a field-friendly protocol was devel-
oped by Lui et al. (2019b). In this protocol, three samples are 
required, that is, one pre-dose and two post-dose samples with 
sampling days options of, days 7 to 9 or days 13 and 14 (Liu 
et al., 2019b) instead of seven post-dose samples required in 
the full protocol. The field-friendly protocol provides a 95% 
sensitivity and specificity when compared to the full protocol 
and offers an objective and reliable technique that is suitable 
for use as a validation tool for the recall methods commonly 
used in large studies and surveys (Liu et al., 2019b). In addi-
tion, the DTM method can be used to quantify both milk intake 
and non-breast milk water intake and can be employed to 
determine the intake of other nutritional indices (Lopez-Teros 
et al., 2017) or environmental contaminants (IAEA, 2010).

The findings of the study highlighted the relationship 
between sociodemographic factors and breastfeeding prac-
tices with rural–urban differences. However, the current 
findings may not be generalizable as households within 
both study sites tend to have a higher income than most 
other regions in Jamaica. Nevertheless, the study sites are 
densely populated with many individuals representing every 
economic and social stratum. The differences observed in 
feeding practices may also need further investigation to 
gain more in-depth knowledge of the factors. In the interim, 
immediate action may be needed for the urban population.

In addition, the study was limited to determining exclu-
sive breast milk intake in infants at 6 weeks rather than at 
6 months; the period recommended by the WHO for exclu-
sive breastfeeding practice. In this study 6 weeks was cho-
sen to maximise the portion of women who were likely to 
exclusively breastfeed as previous studies using recall had 
recorded a great decline beyond 6 weeks (UNICEF, 2013).

Conclusion

Consistent with previous literature, the findings of the 
study highlighted the sociodemographic effects of breast-
feeding and the disparity of exclusive breastfeeding rates 
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between urban and rural Jamaican mothers. Currently, 
there are programs to create awareness of the health ben-
efits of breastfeeding both for expectant mothers and the 
public. However, individualised breastfeeding education 
and support may be necessary to strengthen the existing 
strategies, especially among women who will give birth 
for the first time, are urban dwellers and are employed on 
a full-time basis. This support should begin during ges-
tation and continue during the early postpartum period. 
Primiparous women are less confident with the practice 
of breastfeeding and are often not convinced that breast-
milk is enough to meet the nutritional needs of the infant. 
Additionally, increasing the number of health care facili-
ties certified as Baby-Friendly may also help in increas-
ing the rates of exclusive breastfeeding. Hospitals that are 
certified as Baby-Friendly do not accept infant formulas, 
teats and feeding bottles, and staff are trained in lacta-
tional management (Lopes Sda et al., 2013). Moreover, 
studies have shown that early initiation and exclusivity 
rates of breastfeeding were higher in hospitals certified 
as Baby Friendly with the higher rates persisting regard-
less of sociodemographic factors (Merewood et al., 2005; 
Merten et al., 2005).

Finally,  intervention programmes to promote and 
protect breastfeeding practices such as educational sup-
port and a designated safe and quiet area to facilitate the 
expression of breast milk at places of employment should 
also be considered. Breastfeeding can be successful for 
mothers who are professionally employed if adequate sup-
port is provided. A study conducted in the USA showed 
that the employer-sponsored lactation program for work-
ing mothers that facilitated milk expression by providing 
a private room with equipment for expressing breast milk, 
and a certified breastfeeding consultant, had more women 
exclusively breastfeeding for 6 months compared to the 
employers who did not provide these facilities (Ortiz et al., 
2004).
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