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What’s Known on This Subject

Traditional KMC reduces the incidence of morbidity but not mortality. We successfully
adapted KMC for immediate postnatal community-based implementation (CKMC). Our
study and a subsequent (as yet unpublished) study in India found that CKMC quickly
becomes popular.

What This Study Adds

This is the first study to assess the effect of CKMC on newborn and infant survival. We
conclude that additional experimental research ensuring baseline comparability of
study groups is needed to determine whether CKMC benefits newborn and infant
survival.

ABSTRACT

OBJECTIVE.We adapted kangaroo mother care for immediate postnatal community-
based application in rural Bangladesh, where the incidence of home delivery, low
birth weight, and neonatal and infant mortality is high and neonatal intensive care
is unavailable. This trial tested whether community-based kangaroo mother care
reduces the overall neonatal mortality rate by 27.5%, infant mortality rate by 25%,
and low birth weight neonatal mortality rate by 30%.

METHODS.Half of 42 unions in 2 Bangladesh divisions with the highest infant mortality
rates were randomly assigned to community-based kangaroo mother care, and half
were not. One village per union was randomly selected proportionate to union
population size. A baseline survey of 39 888 eligible consenting women collected
sociodemographic information. Community-based workers were taught to teach
community-based kangaroo mother care to all expectant and postpartum women in
the intervention villages. A total of 4165 live births were identified and enrolled.
Newborns were followed for 30 to 45 days and infants were followed quarterly
through their first birthday to record infant care, feeding, growth, health, and vital
status.

RESULTS. Forty percent overall and �65% of newborns who died were not weighed at
birth, and missing birth weight was differential by study group. There was no
difference in overall neonatal mortality rate or infant mortality rate. Except for care
seeking, community-based kangaroo mother care behaviors were more common in
the intervention than control group, but implementation was weak compared with
the pilot study.

CONCLUSIONS. The extensive missing birth weight and its potential bias render the
evidence insufficient to justify implementing community-based kangaroo mother
care. Additional experimental research ensuring baseline comparability of mortality,
adequate kangaroo mother care implementation, and birth weight assessment is
necessary to clarify the effect of community-based kangaroo mother care on survival.

FOUR MILLION NEWBORNS die each year, 99% in developing countries. Twenty-
eight percent of newborn deaths are attributed to low birth weight (LBW) and

prematurity and 26% to severe infections including pneumonia.1 Kangaroo mother care (KMC) is a method whereby
the hospital-born stabilized LBW newborn is placed in skin-to-skin (STS) contact on the mother’s breast to promote
thermal regulation, breastfeeding, and maternal–infant bonding.2 Traditional KMC reduces the incidence of mor-
bidity but not mortality in LBW infants, because it is generally applied to clinically stabilized newborns and most
neonatal mortality occurs in the first 2 days of life before stabilization.3–6 A single adequately designed study found
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a 43% (not statistically significant) lower infant mortal-
ity rate (IMR) associated with traditional KMC.7 Two
small African studies of early (as soon as possible after
birth) KMC in hospitals with little neonatal intensive
care capacity reported reduced mortality within 24
hours of birth8 and before discharge9; however, impor-
tant differences in study group characteristics were not
controlled in analysis. Similarly, a historical improve-
ment in survival of infants who weighed 1000 to 1999 g
at birth was associated with early KMC in Zimbabwe.10 A
review was conducted of numerous small and otherwise
methodologically challenged studies of early STS care
that was provided to term, healthy newborns soon after
birth in hospitals.11 These studies and 3 conducted of
preterm infants suggested that under certain conditions,
early STS is safe and is as or more effective than standard
incubator care in maintaining temperature while im-
proving breastfeeding, maintaining neutral glucose lev-
els, and preventing and treating hypothermia and respi-
ratory problems that commonly are associated with
neonatal mortality.12–14

Together with the Bangladesh Rural Advancement
Committee (BRAC), Mitra and Associates, Ecuadorian
and Bangladeshi physicians, nurse-midwives, and KMC
experts, the study team adapted KMC so that it can be
feasibly implemented as a community-based interven-
tion (CKMC). In low-income countries, most births oc-
cur at home, neonatal intensive care is virtually unavail-
able, and the incidence of LBW and NMR is high. In
these circumstances, initiation of CKMC promptly after
birth could prove to be an effective means of timely
thermal stabilization and early initiation and establish-
ment of breastfeeding and thus potentially reduce the
neonatal mortality rate (NMR) and IMR. Unlike hospi-
tal-based KMC, CKMC is promoted for all infants, re-
gardless of birth weight, immediately after birth and
does not require clinical judgment or birth weight to
identify eligible infants. Weight on the day of birth is
rarely measured in these countries, because most deliv-
eries do not receive skilled attendance. In Bangladesh,
cultural norms also commonly prohibit nonfamily mem-
bers from entering the birth area in the first few days
after delivery. As with traditional KMC with discharge to
home in the kangaroo position, CKMC teaches that STS
is provided for as long as the infant accepts it.

The government’s Bangladesh Integrated Nutrition
Programme (BINP), which later became the National
Nutrition Programme (NNP), provides advice and sup-
plementation to pregnant women. In a pilot study con-
ducted near but outside the trial area, community nu-
trition workers from BINP were trained to teach CKMC
to all late (�7 months) gestation and recently postpar-
tum women and their families as frequently as possi-
ble.15 During a single month, mothers and families (35 of
whom delivered, all singletons, in the 1-month fol-
low-up period) were taught to hold their infants STS 24
hours a day and to encourage family participation in STS
for short periods in which women desire privacy or rest.
They were taught to breastfeed promptly, exclusively,
and on demand. They were also taught to replace im-
mersion in water with damp or dry cloth cleansing for

the first few days of life and thus avoid lowering the
infant’s temperature, because this is standard hospital
practice for LBW KMC infants. They were taught to
sleep STS in an inclined position with the infant. As in
many KMC programs,3 mothers were taught to take the
infant immediately to a clinic or hospital for perceived
illness, specifically when the infant appears pale, blue,
cold, or agitated or does not want to breastfeed.

METHODS
We then conducted a randomized, controlled cluster
trial in Bangladesh, the country with the highest LBW
incidence in the world,16 where 95% of women deliver
at home,17 to test the effect of teaching community
workers to teach CKMC on newborn and infant survival.
BRAC implemented the intervention and supervised the
collection of birth weight data (a standard duty of the
community-based nutrition workers). Bangladesh has a
population of 140 000 000 administratively divided into
6 divisions that, combined, contain 64 districts and 496
subdistricts called upazilas, each of which has a capitol
city. Each study subdistrict contains 8 to 14 unions, and
each union contains 5 to 25 villages. The sample in-
cludes the 42 unions that participated in the NNP, all
that are supervised by our study partner BRAC in the
Dhaka and Sylhet divisions. Dhaka and Sylhet divisions
are located in northern Bangladesh, where NMR was
5.2% and 8.2% and IMR was 11.5% and 16.2%, the
highest in the nation, when the study was designed.17

Stratified by union population size and distance to the
subdistrict capitol, half of the unions were randomly
assigned to receive CKMC and half not. CKMC is a
behavioral intervention. To prevent contamination be-
tween study groups, only 1 village was randomly se-
lected proportionate to population size (eg, if a village
comprised 17% of the union population, then it would
have a 17% chance of being included) from each union.
This allocation method thus increases the chance of in-
cluding larger villages. On the basis of � � .05 and 1 �
� � 80%, an estimated NMR of 7.25%, and augmenting
the sample by 10% and 25% to compensate design effect
and for estimated 1- and 12-month loss to follow-up,
respectively, a sample of 2000 deliveries per study group
was required to test the 1-tailed hypothesis that CKMC
would reduce NMR by 27.5% and IMR by 25%.18 Al-
though birth weight is not normally universally mea-
sured, the trial also assessed the effect on birth weight–
specific NMR. The sample of 4000 live births is sufficient
to test a 30% NMR reduction in LBW (�2500 g) infants,
assuming a 35% incidence of LBW and an 85% NMR
concentration in LBW infants given � � .05 and 1 � � �
80% and a 1-tailed test.

An independent research organization, Mitra and As-
sociates, conducted a baseline survey of all households
in the sample villages to identify eligible women (aged
12–50 years) and obtain their demographic and repro-
ductive health information. Thereafter, consenting
women who were identified to be pregnant through
quarterly household surveillance were enrolled during
15 months. Consent was obtained at baseline or, for girls
living in the surveyed households who became 12 years
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old during the enrollment period, at quarterly pregnancy
identification. As is the norm in Bangladesh, all pregnant
participants were married. Study participants received
no remuneration for participation. Newborns were fol-
lowed by Mitra and Associates at 30 to 45 days and
infants were followed quarterly through their first birth-
day to record vital events, reported morbidity, nutri-
tional status, breastfeeding, STS, sleeping contact, con-
tact with the community-based workers and others, and
health care use. Infants who were �365 days of age at
their fourth follow-up were visited again to follow them
through their first birthday. When interviewing in each
village, Mitra and Associates measured newborn weight
on the subsample of infants who were �8 days old by
using uniscales that weighed to the nearest 100 g. Mitra
and Associates attempted to obtain NNP or hospital dis-
charge birth weight information when unavailable from
BRAC.

At the completion of the baseline survey, a physician
who had participated in the pilot study trained 12 BRAC
supervisors and, along with 1 supervisor, trained all 63
community nutrition workers and their 25 NNP super-
visors serving the intervention group in 5 groups of 6 to
22 people during a 2-month period. Once trained, the
community workers (alone or with the supervisors)
taught CKMC to expectant mothers and their families in
the intervention group villages. All community nutrition
workers serving both the intervention and control group
villages were responsible for obtaining birth weight us-
ing Salter scales that weighed to the nearest 100 g, 1 of
their normal duties under NNP. They were standardized
monthly in measurement of birth weight separately by
study group to avoid contamination. All participating
community workers received $7.50 a month, approxi-
mately equivalent to their compensation for their nor-
mal half-time NNP duties, for attending the monthly
standardization sessions and collecting newborn weight
within 72 hours of birth. To avoid implementation bias,
no additional compensation for teaching CKMC was
provided to the nutrition workers. During the study,
BRAC monitoring found that the nutrition workers had
substantially more duties under NNP than they had un-
der BINP. To meet their originally planned availability
and contribution as close to that planned as possible for
the remainder of the study, 35 other part-time BRAC
community workers with similar qualifications were
trained and employed for the last 6 months of the study
and paid $7.50 per month to supplement the commu-
nity nutrition workers in the intervention villages. To
partially compensate for their earlier substitution, 2 ex-
perienced trainers who participated in the pilot study
and were originally intended to conduct the community
workers’ CKMC training were then also temporarily in-
tegrated into the study (1 on a full-time and 1 on a
part-time basis for �4 months) to train the 35 new
community workers and lead monthly CKMC refresher
training sessions. Variable levels of implementation over
time are common in studies of behavioral and rolled-out
interventions, as is the case in studies that test dynamic
interventions.19 As did this trial, such studies measure
the effectiveness of teaching CKMC, a behavioral inter-

vention, as actually implemented rather than efficacy
(ie, effect under ideal conditions).20

NMR was reviewed monthly by the principal investi-
gator off-site (in New York) to permit disbanding the
study early should intention-to-treat analysis indicate
significant reduction of neonatal mortality while mask-
ing local knowledge of effect to prevent potential mod-
ification of study activities. Data were directly recorded
on handheld computers and reviewed for inconsisten-
cies to prompt their resolution before departure from the
household. This facilitated monthly data transfer. Inten-
tion-to-treat analyses (according to the groups to which
the participants’ villages and thus the participants were
assigned) are presented. Intention-to-treat analyses in-
clude all CKMC infants regardless of whether they re-
ceived the intervention. �2 and Student’s t tests were
used to test differences in categorical and continuous
variables between the CKMC and comparison groups.
Logistic regression models were used for the analysis of
mortality. Besides study group, terms were included for
stratification variables (population size and distance to
the subdistrict capitol) and generalized estimating equa-
tions (GEE) with robust variance estimation in adjusted
analyses to account for design effect as a result of strat-
ification and clustered allocation.21 In addition, GEE ro-
bust variance logistic regression analyses directly con-
trolling for design effect and study group characteristics
(twins, gender, congenital anomalies, and sociodemo-
graphic and reproductive health characteristics such as
religion, parity, and skilled delivery attendance) were
also conducted, replacing missing covariate with sample
mean values. GEE robust variance analyses that were
adjusted solely for design effect produced the most con-
servative estimates of effect and significance. No addi-
tional adjustment was made for interim review of NMR
because no overall NMR difference was observed. There
was no interim analysis of birth weight–specific NMR
until the data safety and monitoring board (DSMB)
meeting 1 month before cessation of enrollment.

The study was approved by the institutional review
board of the Population Council, Tufts University Med-
ical Center, Columbia University Medical Center, and
the Bangladesh Medical Research Council. The DSMB
included a biostatistician, a political scientist, a neona-
tologist, and a health policy planner.

RESULTS

Baseline Mortality
Of the 39888 age-eligible women (12–50 years of age)
who lived in the nearly 25 000 homes in the study
villages at the time of the baseline survey, 35 (0.1%)
refused participation in the baseline survey and 6 re-
fused interview at follow-up (Fig 1). The stratified allo-
cation of unions resulted in some geographic imbalance
between the study groups. Of the 8 study villages in
Sylhet division (contributing to 11% of the total sam-
ple), only 2 were randomly allocated to the intervention
group and the remaining 6 to the control group. Al-
though the sample villages in Dhaka division are similar
to each other, they are somewhat sociodemographically
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distinct from those in Sylhet division, where villages are
generally smaller, the population is less literate, and
slightly more Hindus live. This imbalance is reflected in
small differences in previous NMR. The baseline survey
found that NMR and IMR in the previous 2 years were
5.9% and 7.1%, respectively, lower than expected, and
was somewhat (not statistically) lower in the compari-
son than in the intervention group (NMR: CKMC 6.1%
vs control 5.6% [P � .68]; IMR: CKMC 7.5% vs control
6.5% [P � .09]). The incidence of stillbirth in the pre-
vious 2 years was 2.8% overall and in the intervention
group and 2.9% in the control group (P � .65).

Study Group Comparability
For consenting women, 4213 births of 4325 infants (112
were twin births) were prospectively encountered, 4165
of which were live births and 160 (3.7%) of which were
reported as stillbirths (Fig 1). The baseline geographic
imbalance in study group allocation led to small differ-
ences in sociodemographic and reproductive health indices
between the study groups, many statistically significant as
a result of the large sample (Tables 1 and 2). For example,
32.0% of women in the control group were assisted by
skilled attendants at delivery compared with 36.6% of
women in the CKMC group, a difference of only 4.6%
but highly significant (P � .002). The largest differences
were observed for religion (86.1% control vs 95.8%
CKMC were Muslim; P � .001), attendance at school
(66.5% control vs 73.1% CKMC; P � .001), and speak-
ing another language (7.3% control vs 0.5% CKMC
spoke Sylheti, a dialect spoken in addition to Bengali in
the Sylhet division; P � .001).

Birth Weight
Weight was measured in live-born infants within 7 days
of birth for 59.0% of CKMC and 54.2% of control group
infants (P � .002). Newborn weight was significantly
less available for infants who were born outside their
own home (missing weight: 68.6% born away from
home vs 25.4% born in own home; P � .001). A high
incidence of missing birth weight for those who died is
expected because it is culturally unacceptable in rural
Bangladesh to measure infants who are born at home
after death, and 55.7% of neonatal mortality occurred
on the first day of life. Weight was measured on the day
of birth for 23.8% of CKMC and 18.5% of control in-
fants (P � .001). For those who died on the day of birth,
birth weight was missing for more control (82.2% of 45
infants) than CKMC (76.0% of 50 infants; P � .46)
infants. For infants who died in the neonatal period,
weight was measured within 7 days of birth for 33.0% of
CKMC infants compared with 38.6% of control infants
(P � .42). Weight measured within 7 days of birth was
modeled by using internal data to adjust for initial
weight loss and subsequent weight gain typical after
birth and consistent with the significant cubic associa-
tion of weight and age at measurement found in this
study.22 This was calculated as the difference in average
weight for infants whose weight was measured on the
day of birth and those whose weight was measured at a
subsequent age. The modeled weight change was mini-
mal: 1.5%, 2%, 3%, and 1.5% loss at the respective ages
of 2, 3, 4, and 5 days of life and 1% and 2% gain at age
6 and 7 days of life. This is consistent with the observa-
tions from developed and developing countries that

39        women (aged 12-50)a
 19        control (48.5%) 
20        CKMC (51.5%) 

39        consenting (99.9%) 
 19        control (99.9%) 
20        CKMC (99.9%) 

35 refusals (0.1%)
13 control (0.1%)
22 CKMC (0.1%)  

4213 deliveries
2071 control 
2142 CKMC 

4325 babies (112 twin babies) 
2129 control (99.9%) 
2196 CKMC (99.9%) 

4165 live births 
2044 (96.0%) control 
2121 (96.6%) CKMC 

160 still births 
85 (4.0%) control 
75 (3.4%) CKMC 

2 (0.1%) refusals 
1 (0.1%) control 
1 (0.1%) CKMC

4165 (100%) followed ≥28 days 
3970 infants followed ≥365 days 

1957 (95.7%) control,
2013 (94.9%) CKMC 

4 refusals follow up interviews 
4 (0.2%) control
0 (0%) CKMC 

888
349   
537

853
337
516

FIGURE 1
Consolidated Standards of Reporting Trials (CONSORT) diagram. aExcludes deliveries �14 days after CKMC training was completed in each of 5 CKMC/birth weight standardization
training group areas.

e1050 SLOAN et al
 by on May 30, 2008 www.pediatrics.orgDownloaded from 

http://pediatrics.aappublications.org


LBW, preterm, and breastfed infants lose a much smaller
portion or none of their birth weight in the early post-
natal period than term infants and those who are not

breastfed.4,23–26 Modeled weight is presented unless
stated otherwise. Analysis of weight as measured during
the first 7 days of life is also presented where specified.

TABLE 1 Demographic, Maternal, and Household Characteristics According to Study Group

Characteristic Control CKMC P

n % or Mean � SD n % or Mean � SD

Division, district, subdistrict (upazila) 2003 2080 �.001
Sylhet, Moulvibazar, Rajnagar 18.17 4.28
Dhaka, Narsingdi, Manohardi 8.09 27.79
Dhaka, Narsingdi, Narsingdi Sadr 56.27 60.43
Dhaka, Narsingdi, Shibpur 17.47 7.50

Kilometers to upazila capitol 2003 11.06� 6.93 2080 11.54� 8.82 .540
Ever attended school 1995 66.47 2072 73.07 �.001
Illiterate (cannot read) 1995 45.01 2072 39.82 .089
Husband’s occupation 1846 1889
Agricultural worker 27.25 22.02 �.001
Professional 5.04 7.04 .010
Othera 67.71 70.94 .033

Own occupation housewife 1995 84.56 2073 84.42 .900
Receive wages/income 1995 7.82 2074 6.36 .070
Sylheti spoken 1995 7.32 2073 0.53 �.001
Religion 1995 2074 �.001
Islam 86.07 95.81
Hindu 13.93 4.19

Woman’s age, y 2002 23.16� 5.91 2080 23.08� 5.96 .680
Gravidity 1995 2.00� 1.96 2074 1.86� 1.89 .017
Nulliparous 1994 27.33 2073 29.72 .092
Parity �5 1994 8.88 2073 8.10 .380
No. usually in household 1995 5.87� 2.85 2074 5.60� 2.63 .001
Has children �5 y of age 1995 66.82 2074 62.63 .001
Past neonatal loss 1419 18.04 1435 18.95 .530
Home birth (own or others) 1897 87.14 1959 85.76 .210
Institutional delivery 1893 12.47 1953 13.93 .180
Skilled birth attendant 1893 31.96 1953 36.61 �.002

Includes 1 response per eligible woman (regardless of multiple gestation or subsequent pregnancies).
a Includes numerous other occupations thatwere not different between the study groups (landlord�1.5%, retired�0%, nonagricultural worker
53% in both groups), etc.

TABLE 2 Neonatal Characteristics

Characteristic Control CKMC P

n % or Mean � SD n % or Mean � SD

Infant’s age at newborn assessment, d 2010 51.36� 36.64 2060 57.32� 36.36 .970
Twins 2129 2.72 2196 2.46 .580
Infant’s gender (male) 2129 48.33 2196 50.45 .006
Congenital abnormality 2012 2056 .410
Major 0.25 0.15
Minor 2.78 2.24

Stillbirth 2129 3.99 2196 3.42 .320
Birth weight measured (measured/live-born infants) 1107/2044 54.48 1252/2121 59.14 .003
Modeled birth weight, g 1107 2701� 453 1252 2690� 468 .570
Modeled birth weight � 2500 g 1107 30.08 1252 32.59 .190
Modeled birth weight � 2000 g 1107 6.41 1252 7.59 .270
Modeled birth weight � 1500 g 1107 1.99 1252 1.44 .300
Measured birth weight within 7 d of birth �2000 g 1107 8.40 1252 10.38 .101
Gestation (days since LMP) 1895 285� 22 1974 285� 21 .350
Gestation � 37 wk 1895 12.08 1974 11.35 .480
Gestation � 35 wk 1895 6.33 1974 6.43 .900
Gestation � 33 wk 1895 3.64 1974 3.70 .930
Maternal death (cases)a 2003 (3) 2080 (1) .300

LMP indicates last menstrual period.
a Includes 1 response per eligible woman (regardless of multiple gestation or subsequent pregnancies).
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Too few data were available to estimate birth weight
reliably from “birth weight” measurements beyond 7
days of age; however, for those who had missing birth
weight, we also estimated their weight at birth as equiv-
alent to their average gender-specific weight-for-age
percentile on the basis of the World Health Organization
international standards.27

CKMC Behaviors
More than three quarters (77.4%; n � 1565) of women
who delivered in the CKMC group reported giving STS
ever compared with 0.50% (n � 10) women in the
control group (P � .001; Table 3). Sixty-one percent of
infants in the intervention group received STS within 12
hours of birth; however, only 23.8% received STS �7
hours per day in the first 2 days of life, the most critical
period. Including those who never received STS, the
average daily hours of STS in the CKMC group was
4.5 � 4.8 hours in the first 2 days of life, 2.7 � 3.4 hours
in the next 5 days of life, 1.2 � 2.4 hours in the second
week of life, and 0.5 � 1.4 hours in the remainder of the
first month of life. In the CKMC group, 85.9% of women
who delivered in their own home gave STS compared
with 59.9% who delivered elsewhere (P � .001). In the
CKMC group, the daily duration of STS generally rose
since the inception of the study, although fewer mothers
provided STS in the seasonally hottest months in June
and July. The strongest predictor of STS was contact
with the community nutrition worker in the last month
of pregnancy; 87.2% of these women reported STS, yet

78.3% of women who reported no contact with the
worker in the last month of pregnancy or first month
postpartum and reported providing STS had received the
CKMC message reminder leaflet. In a subsample of 36
CKMC mothers who provided qualitative interviews,
one third reported teaching CKMC to others.

As is customary in rural Bangladesh, virtually all
mothers breastfed their infants and gave complementary
liquids in the first few days of life. Only 2 live-born
infants in the control group were not breastfed. Women
in the CKMC group began breastfeeding 3.4 hours
sooner after birth (P � .001). Few breastfed immediately
after birth (6.1% in the CKMC and 3.4% in the control
group), and 52.4% of CKMC mothers breastfed within 1
hour of birth compared with 41.4% in the control group
(both P � .001). Only 29.3% of CKMC infants were
bathed by immersion in water on their day of birth
compared with 72.3% in the control group (P � .001).
Although only 38.4% of CKMC mothers slept with their
infants, this practice was virtually absent in the control
group. As is customary in the study location, only 1% of
mothers in both the CKMC and control groups took
their newborns to a health care clinic or hospital for
well-infant checkups (P � .62), and nearly 8% in each
group took their newborns for any illness (P � .66).
Only 1.5% of control and 1.9% CKMC infants were
taken to a health care facility for a well-infant checkup
in their first year of life (P � .29), whereas 26.5% of
control and 25.4% of CKMC infants (P � .41) had been

TABLE 3 CKMC Behaviors

Characteristic Control CKMC P

n % or Mean � SD n % or Mean � SD

Ever STS 1927 0.50 2022 77.40 �.001
STS �4 h in first 2 d of life 1927 0.10 1985 47.86 �.001
STS within 12 h of birth 1927 0.26 1964 60.85 �.001
STS within 24 h of birth 1927 0.31 1964 66.08 �.001
Average daily hours of STS in first 2 d of life 1927 1985 �.001
0 99.58 29.22
�1 0.10 7.98
1 to �7 0.26 39.04
�7 0.05 23.78

Breastfed 2042 99.90 2121 100.00 .240a

Still breastfeeding at neonatal visit 1920 94.90 1982 94.95 .930
Breastfed within 1 h of birth 1891 41.41 1948 52.39 �.001
Breastfed immediately after birth 1891 3.44 1948 6.06 �.001
Hours after birth first breastfed 1891 8.41� 15.13 1948 5.08� 11.17 �.001
Consumed something other than breast milk 1927 95.69 1985 89.77 �.001
Bathed on date of birth 1924 72.25 1984 29.28 �.001
Age first bathed, d 1885 2.01� 2.41 1985 5.68� 5.93 �.001
Slept with infant in first 2 d of life 1921 0.10 1977 38.44 �.001
Took infant to clinic/hospital for well-care

check-up in neonatal period
1915 1.10 1969 1.27 .610

Took infant to clinic/hospital for perceived
newborn illness

1913 7.74 1970 8.12 .660

Took infant to clinic/hospital for well-care
check-up in infancy

2032 1.48 2102 1.90 .290

Took infant to clinic/hospital for perceived
infant illness

2032 26.48 2102 25.36 .410

a Fisher’s exact test where cell n � 5.
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taken to a health care facility for an illness during their
first year of life.

Morbidity and Growth
There was no difference in the infants’ weight, head or
arm circumference, or reported morbidity at the 30- to
45-day follow-up, except that fewer CKMC than control
newborns were reported to have become pale (0.4% vs
1.1%; P � .018). More CKMC (43.6%) than control
(39.3%) infants were reported to experience diarrhea in
their first year of life (P � .006).

Newborn Mortality
NMR was nearly the same in the CKMC (4.57%) and
control groups (4.31%) in unadjusted (P � .68) and
adjusted (P � .73) analyses (Table 4). NMR was unex-
pectedly greater in the CKMC than control group in
those who were delivered institutionally (NMR odds
ratio [OR]: 2.04 [95% confidence interval (CI): 0.98–
4.22]; P � .055). Although overall NMR was virtually
the same, nearly 3 times as many women in the CKMC
than control group whose infants died in the newborn
period sought care from and delivered in health care
facilities (OR: 2.8 [95% CI: 1.15–6.61]; P � 025). For
those who weighed (modeled weight) �2500 g at birth,
NMR was 5.4% in the CKMC group compared with
6.0% in the control group (design-adjusted P � .69). For
those whose modeled weight (adjusted for age at mea-
surement) was � 2000 g at birth, the usual eligibility
criteria for hospital-based KMC, NMR was 9.5% in the
CKMC group, 64% lower than in the control group
22.5% (adjusted for cluster design effect OR: 0.371
[95% CI: 0.16–0.86]; P � .020). These results were
identical when missing birth weight was estimated by
assigning the gender-specific average percentile weight-
for-age from subsequent newborn and infant measure-
ments, because the international standards first percen-

tile at birth is �2 kg for both boys and girls.27 A cluster
design effect adjusted interaction, a more robust statis-
tical measurement of effect, was marginally significant
(P � .055). The strength and significance of the associ-
ation increased in analyses that were adjusted for twins,
gender, and congenital anomalies in addition to cluster
design (OR: 0.316 [95% CI: 0.15–0.66]; P � .002). To
control directly for potential differences between study
group characteristics, we also conducted robust variance
GEE backward stepwise logistic regression analyses ad-
justing for literacy; husband engaged as an agricultural
worker, farmer, or professional or had no occupation;
infant’s mother’s age and whether she worked outside
the home and whether she was nulliparous; number of
people and of children younger than 5 years in the
household; whether Sylheti was spoken by household
members; religion; whether the delivery occurred in a
health care facility and whether it was attended by a
skilled birth attendant; multiple gestation; infant’s gen-
der; whether the infant had a major or minor congenital
abnormality; and whether there had been a previous
neonatal (for NMR) or infant (for IMR) death. The sole
variables retained as significant in this analysis of NMR
were number of children younger than 5 years in the
household (OR: 1.69 [95% CI: 1.04–2.73]; P � .033),
multiple gestation (OR: 4.00 [95% CI: 1.40–11.41]; P �
.010), institutional delivery (OR: 5.02 [95% CI: 1.58–
15.93]; P � .006). and CKMC intervention (OR: 0.325;
[95% CI: 0.13–0.84]; P � .02). Skilled attendance at
birth was correlated with whether the birth occurred in
a health care facility (0.54; P � .001), and although
skilled attendance was not correlated with NMR (Pear-
son product moment correlation � 0.016; P � .33),
there was a significant positive association between in-
stitutional delivery and NMR (Pearson product moment
correlation � 0.823; P � .001). For those for whom
newborn weight was �2000 g as measured on the day of

TABLE 4 Odds of Neonatal and Infant Mortality Comparing InterventionWith Control Group

Parameter Unadjusted Adjusted for Design Effect Adjusted for Covariatesa

OR 95% CI P OR 95% CI P OR 95% CI P

Newborn mortality
NMR (n � 4165) 1.065 0.793–1.431 .680 1.060 0.761–1.477 .730 NAb NA NA
NMR in infants modeled � 2500 g (n � 741) 0.892 0.478–1.665 .720 0.869 0.434–1.738 .690 NA NA NA
NMR in infants modeled � 2000 g (n � 166) 0.360 0.148–0.873 .024 0.371 0.161–0.855 .020 0.325c 0.126–0.839 .020c

NMR in infants modeled � 2000 g (n � 2193) 1.147 0.615–2.138 .670 1.127d 0.480–2.652 .690 NA NA NA
NMR in infants missing birth weight (n � 1806) 1.322 0.910–1.920 .140 1.307 0.938–1.823 .110 NA NA NA

Infant mortality
IMR (n � 3970) 1.043 0.813–1.337 .740 1.039 0.770–1.401 .800 NA NA NA
IMR in infants modeled � 2500 g (n � 714) 1.088 0.650–1.820 .750 1.114 0.648–1.915 .700 NA NA NA
IMR in infants modeled � 2000 g (n � 158) 0.577 0.270–1.232 .155 0.562 0.301–1.050 .071 NA NA NAc

IMR in infants modeled � 2000 g (n � 2112) 0.997 0.630–1.578 .990 0.992d 0.557–1.765 .980 NA NA NA
IMR in infants missing birth weight (n � 1700) 1.239 0.891–1.723 .980 1.239 0.932–1.648 .140 NA NA NA

NA indicates not available.
a Covariates entered in themodel were literacy; husband engaged as an agricultural worker, farmer, or professional or had no occupation; infant’smother’s age andwhether sheworked outside the
homeandwhether shewas nulliparous; number of people andof children younger than 5 years in the household;whether Sylhetiwas spokenby householdmembers; religion;whether the delivery
occurred in a health care facility and whether it was attended by a skilled birth attendant; multiple gestation; infant’s gender; whether the infant had a major or minor congenital abnormality; and
whether there had been a previous neonatal (for NMR) or infant (for IMR) death.
b NA term for study group dropped out of equation, P � .10.
c Three observations dropped by Stata because of estimability.
d A total of 115 observations dropped because of collinearity of NMR and small villages (no cases in small villages).
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birth (n � 86), NMR was 23.7% in the control group
compared with 12.5% in the CKMC group (OR: 0.494
[95% CI: 0.159–1.540]; P � .224). The results were
similar (OR: 0.436 [95% CI: 0.19–1.00]; P � .05) in
analyses that adjusted for design effect for those whose
measured weight was �2000 g in the first 7 days of life
(n � 223). Most of the difference in NMR for newborns
whose weight was �2000 g occurred after the first 2
days of life (Table 5). Although data on gestation were
more complete than birth weight, gestation was mostly
reported in months rather than weeks, and estimates of
prematurity are poor. Still, NMR for infants estimated as
�37 weeks was also lower, although not statistically so,
in the CKMC than in the control group (OR: 0.650 [95%
CI: 0.287–1.473]; P � .30). NMR was slightly higher
(OR: 1.128 [95% CI: 0.48–2.65]; P � .78), although not
significantly so, for intervention than in control group
infants who weighed �2000 g at birth and for those with
missing birth weight (OR: 1.307 [95% CI: 0.94–1.82]; P
� .11). The minimal effect of CKMC on NMR may be
estimated by assuming that all newborns who died with
missing birth weight weighed �2000 g, reducing the OR
to 0.675 (95% CI: 0.40–1.13; P � .14, not statistically
significant). In the intervention group, NMR was con-
centrated (58.3%) in those who did not receive STS in
the first 2 days of life. In review of the distribution of
deaths by daily hours of STS, only 5 (5.2%) of the 97
CKMC newborn deaths occurred in those who received
STS �7 hours per day (Table 6). Only 17.4% of new-
borns who died on the day of birth were held STS
compared with 73.3% of those who survived beyond
that (P � .001). The dose-response between STS and
NMR was smaller but still strong even when infants who
died on their day of birth were removed from the anal-

ysis (Table 6). There was no interaction of study group
and intervention period (ie, before and after taking ac-
tion to correct training and implementation). Adjust-
ment for intervention period made virtually no differ-
ence on NMR ORs (data not shown).

Infant Mortality
IMR was nearly the same in the CKMC (6.86%) and
control groups (6.59%) in unadjusted (P � .74) and
adjusted (P � .80) analyses (Table 4). Nether skilled
attendance at birth nor institutional birth was correlated
with IMR; however, the excess CKMC NMR in institu-
tional deliveries was greatly reduced over infancy to
insignificant levels for IMR (OR: 1.38 [95% CI: 0.82–
2.30]; P � .23). Similarly, the effect of CKMC on IMR for
infants who weighed �2000 g (modeled) at birth also
declined from that observed for NMR (OR: 0.562 [95%
CI: 0.30–1.05]; P � .07). The interaction of CKMC and
birth weight of �2000 g was not statistically significant
(P � .19). Adjustment for covariates removed all terms
except multiple gestation (OR: 3.58; [95% CI: 1.52–
8.45]; P � .004). Assuming that all those who died in
infancy and did not have a birth weight measurement
weighed �2000 g at birth produces a statistically insig-
nificant 26% lower NMR in the CKMC than control
group (OR: 0.741[ 95% CI: 0.44–1.25]; P � .26). More
deaths occurred after 28 days in CKMC than control
infants who weighed �2000 g at birth (Table 5).

Maternal Outcome
As expected, few (7.1% of CKMC and 7.2% of control
group) mothers experienced subsequent pregnancy
within 1 year of the first study-enrolled pregnancy (OR:
0.97 [95% CI: 0.76–1.23]; P � .80). Slightly more
CKMC mothers reported using contraceptives within
that period (54.2% CKMC vs 50.0% control; P � .009).
Excluding women who used contraception in that time,
4.5% of CKMC and 3.3% of control group mothers
experienced subsequent pregnancy within 1 year of the
first study-enrolled pregnancy (OR: 1.31 [95% CI: 0.79–
2.17]; P � .29).

There were fewer maternal deaths in the CKMC (n �
1) than control (n � 3) group (Fisher’s exact P � .37).
Unexpected, there was also slightly but significantly less
postpartum bleeding reported in CKMC (73.3%) than
control births (76.8%; P � .01).

TABLE 5 Age at Death by Study Group and Birth Weight

Parameter n (Cases) Control, % n (Cases) CKMC, % P

All newborns 2044 NMR 2121 NMR
Deaths in first 2 d of life (54) 2.6 (59) 2.8 .7800
Deaths in days 3 to 7 of life (19) 0.9 (21) 1.0 .8400
Deaths in days 8 to 28 of life (15) 0.7 (17) 0.8 .8000
Infant deaths after 28 d of life (41) 2.0 (41) 1.9 .8700
Newborns weighing �2000 g at birth 71 95
Deaths in first 2 d of life (5) 7.0 (7) 7.4 .9400
Deaths in days 3 to 7 of life (6) 8.5 (1) 1.1 .0430a

Deaths in days 8 to 28 of life (5) 7.0 (1) 1.1 .0850a

Infant deaths after 28 d of life (3) 4.2 (7) 7.4 .5190a

a Fisher’s exact test where � cell n � 5.

TABLE 6 NMR by Frequency of STS Care in the First 2 Days of Life in
the Intervention Group

STS in the First 2 d
of Life

NMR of All Newborns
(n � 1985), %

NMR of Newborns Who Did
Not Die on Their Day of Birth

(n � 1939), %

0 h 9.3 (n� 580) 3.0 (n� 542)
�0, �1 h/d 5.1 (n� 158) 3.2 (n� 155)
�1, �7 h/d 2.5 (n� 775) 1.8 (n� 770)
�7 h/d 1.1 (n� 472) 1.1 (n� 472)

P � .001.

e1054 SLOAN et al
 by on May 30, 2008 www.pediatrics.orgDownloaded from 

http://pediatrics.aappublications.org


DISCUSSION

Sample
The study groups were very comparable on the individ-
ual characteristics, with small differences in characteris-
tics that were statistically significant as a result of the
large sample size. The slight geographic imbalance might
have been avoided by stratification by subdistrict rather
than distance to the subdistrict capitol or using the more
complex minimization method of randomization. Ad-
justment for cluster design effect that mitigates the in-
fluence of the study group geographic imbalance pro-
duced slightly more conservative effect and significance
than no adjustment. Additional adjustment for twins,
gender, and congenital anomalies showed larger effect
and significance than unadjusted analyses or analyses
that were adjusted solely for design effect. Direct adjust-
ment for study group characteristics rendered virtually
identical results to those adjusted for cluster design ef-
fect. Although skilled attendance at delivery was not
associated with outcome, institutional delivery was as-
sociated with higher mortality. The slightly higher over-
all mortality rates in the CKMC group reflects differences
in baseline NMR (CKMC 6.1% vs control 5.6%; P � .68)
and IMR (CKMC 7.5% vs control 6.5%; P � .09). There
was virtually no relative difference between study
groups in NMR change since baseline, but there was a
greater reduction in IMR change since baseline (13%
CKMC relative reduction compared with a 3% control
relative reduction; P � .001).

Training and Adherence
There was virtually no contamination between study
groups; 10 women reported STS in the control group.
With the exception of care seeking, incidence of CKMC
behaviors was significantly greater in the intervention
than control group; however, CKMC implementation
fell far short (24%) of that observed in the pilot study, in
which 69% of women provided STS �7 hours per day
in the first 2 days of life15 and in which postpartum
women still provide CKMC 4 years later. Although
women rarely provide round-the-clock STS care, the
daily frequency of STS was considerably less than ex-
pected.28 Provision of any STS also was sharply discon-
tinued with few women continuing STS beyond 2
weeks. The training and intervention delivery processes
that were used in the pilot study were only partially
transferred to the full trial, with unplanned substitution
of experienced trainers with individuals who were not
trainers, less frequent contact between community
workers and mothers in the last month of pregnancy,
and unplanned emphasis on CKMC for LBW infants.
The nested qualitative study found that �35% of CKMC
women were erroneously taught that STS was to be
provided to LBW or preterm infants rather than to all
infants, and only 30% were correctly taught to hold all
infants STS. Less than 40% of CKMC mothers were
taught to provide CKMC to infants who were ill, and
�25% were erroneously taught to breastfeed on sched-
ule (not on demand). Women had numerous views
about the number of hours and days they should provide

STS, indicating that they received variable and fre-
quently incorrect messages from the community work-
ers and supervisors. Field visits confirmed that some of
those who were employed to conduct the CKMC train-
ing believed that CKMC was intended for small infants.
Thus, some intervention group mothers may not have
provided CKMC because they were mistakenly taught
that CKMC is for small infants. CKMC implementation
and effect depend on both the quality of CKMC training
and the mother’s behavior modification, making it dif-
ficult to know whether the intervention does not have
effect in larger, more mature infants or whether the
uptake was suboptimal as a result of insufficient training
or poor maternal adherence. Cultural factors are un-
likely to explain poor adherence, because adherence was
substantially greater in the pilot study with unmodified
CKMC training procedures. Average birth weight in the
study was 2693 g, and the correlation between perceived
size at birth and birth weight was r � 0.33, so many
small infants may have been considered average in size.
CKMC was designed to be implemented by all mothers,
rather than mothers of LBW infants, because weight on
the day of birth is rarely measured where the incidence
of home births and NMR is high and because STS im-
proves breastfeeding behaviors, particularly prompt ini-
tiation and theoretically provision of colostrum and
avoidance of complementary feeding. Early breastfeed-
ing facilitates the establishment and duration of lacta-
tion,29 critical to infant survival in developing coun-
tries.30,31 The proportion of infants who received STS was
similar for those who were born at health care facilities
and those who were born in other people’s homes;
therefore, it is unlikely that the inclusion of the word
“community-based” influenced KMC implementation.
Rather, it is more likely that primiparous women, who
often deliver their first child at relatives’ homes in the
Indian subcontinent, and those who delivered in health
care facilities received less frequent family or clinician
support for KMC because relatives and clinicians were
unfamiliar with the method. The training guidelines
have been expanded to precisely specify CKMC training
and to render it less susceptible to modification that
diminishes implementation and potentially effect. As
suggested by the women in the CKMC group, the guide-
lines now include instructions to teach other family
members and local clinicians.

Potential Bias
NMR may have been underreported, because, contrary
to expectation, the stillbirth rate in both groups was
greater (although not differentially so) than that re-
ported in the baseline survey. Newborn vital status was
assessed at 30 to 45 days after delivery in the trial com-
pared with the baseline survey, which assessed status
between 2 and 26 months after delivery. Some respon-
dents may have found it emotionally easier to report an
immediate newborn death as a stillbirth when recollec-
tion was closer to the time of the loss. Such misclassifi-
cation would reduce the number of newborn deaths and
individuals included in analysis of NMR. With a slightly
lower perinatal mortality rate in the CKMC (7.0%) than
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the control (7.3%) group, this misclassification would
tend to reduce the observed associations and statistical
significance.

The observed lower NMR in very small infants but
absence of effect on overall NMR or IMR may reflect a
concentration of CKMC benefit for those who are most
likely to be premature, unplanned local emphasis of
CKMC for small infants, and/or a higher rate of obstetric
complications in the CKMC group. Large impact in a
subgroup with no overall impact raises concerns regard-
ing program effect and cost. Although there was no
effect on overall NMR, the lower NMR for newborns
who were delivered at home and for infants who
weighed �2500 g (modeled) is clinically important, al-
though the sample did not have adequate power to test
these associations. The protective effect on neonatal
mortality for infants who weighed � 2000 g (modeled)
at birth was large and significant in unadjusted and
adjusted analyses but was only marginally significant for
infant mortality. Infants who died were less likely to
have weight measurement, so deaths are underrepre-
sented in the birth weight–specific analyses, rendering
these analyses unrepresentative.

The difference in availability of birth weight data
between the study groups may well affect the magnitude
of the results. The greater availability of weight for
CKMC than control infants in general and on the day of
birth and the larger proportion of CKMC infants who
weighed �2000 g would likely underestimate the NMR
effect, whereas the greater availability of weight for con-
trol than CKMC infants who died in the newborn period
would likely overestimate the effect. We cannot know
how many infants whose birth weight was not measured
actually weighed �2000 g at birth and how many of
those died or survived. Similarity of effect for infants
who weighed �2000 g as measured on the day of birth
and in the first 7 days of life and modeled birth weight
provides some confirmation. Imputation (modeling) of
birth weight may result in some misclassification; how-
ever, this would apply to both control and CKMC
groups, and misclassification would tend to attenuate
and thus underestimate effect. Although the threshold
of �2000 g was not determined a priori, it is the usual
criteria for traditional KMC programs. Still, analyses es-
timating the minimal effect, which assumed that all
infants who died and did not have birth weight were
�2000 g, reduced the association by almost half, from a
significant 63% lower NMR to an insignificant but still
large 33% lower NMR and from a marginally significant
44% IMR to an insignificant but still considerable 26%
IMR. The interaction of birth weight and CKMC was
only marginally significant for NMR and insignificant for
IMR and thus not confirmatory.

Dose-Response and Reverse Causality
The nested qualitative study found that 37% of CKMC
group mothers whose newborns died did not provide
STS care because the infant died too soon after birth
(reverse causality), and that certainly contributed to less
than the desired frequency and duration of STS.29,32

Death soon after birth also accounted for 16% of CKMC

group mothers whose newborns died providing �7
hours of STS care in the first 2 days of life. Similarly,
neonatal illness shortly after birth and postpartum ma-
ternal illness or weakness deterred from 30% to 50% of
mothers who had provided little or no STS from provid-
ing STS. Mothers who provided CKMC to sick infants
may also have stopped CKMC when their infants be-
came better, theoretically resulting in relapse. Although
illness before death clearly accounts for some of the
dose-response observed between STS and survival (Ta-
ble 6), exclusion of infants who died on their day of birth
(ie, those least likely to receive STS because of newborn
illness) demonstrates that, although reduced, the dose-
response relation persists. Reverse causality (illness or
death deterring STS) could still account for some of the
observed dose-response. When all CKMC behaviors are
entered (STS ever or in the first 2 days of life, bathed on
day of birth, sleeping with the infant in the first 2 days of
life, and when initiated breastfeeding rather than study
group) using backward stepwise logistic regression, only
STS demonstrated significant reduction of NMR in those
who weighed �2000 g (OR: 0.774 [95% CI: 0.67–0.90];
P � .001) and demonstrated a marginally significant
lower overall NMR (OR: 0.943 [95% CI: 0.88–1.01]; P �
.098). Age when first bathed by immersion in water
(instead of “bathed on birthday”) was significantly asso-
ciated with lower NMR but is difficult to interpret be-
cause infants who were not bathed on their date of birth
but did not survive their date of birth were excluded
from the analysis because of missing age of bathing.
Because death within 1 hour of birth is unlikely associ-
ated with KMC and those infants are unlikely to benefit
from KMC, the study DSMB recommended the exclu-
sion of first-hour deaths from future analogous studies.

Consistency of Results
The study results are consistent with 2 recently pub-
lished African hospital-based studies. Lincetto et al8

found an 86% reduction in 24-hour mortality associated
with early hospital KMC in a small sample of infants
who weighed �1800 g at birth. Worku and Kassie9

found a 33% lower mortality through hospital discharge
associated with early KMC; however, mean age at exit
from the study and thus the period of observation was
nearly 1 day greater in the control than KMC group. In
these 2 studies, available newborn services were not well
described, and important study-group differences were
not controlled in analysis. Although the daily duration of
STS in our study was less than desired, the association
between STS and NMR is biologically plausible. Ander-
son et al28 found the frequency of STS to be considerably
less than that promoted. Still, Christensson et al33 re-
ported that 4 hours of early STS of otherwise stabilized
hypothermic neonates with admission weights �1500 g
sped recovery to normal body temperature; 90% of
newborns who received early STS reached normal tem-
perature compared with 60% of control subjects who
were maintained in incubators in Zambia, a 50% effect
(P � .001), similar to their observations with 76 to 85
minutes of immediate postnatal STS for term newborns,
also in Zambia.34 The results are somewhat inconsistent
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with what is known from a subsequent study of CKMC
that included other essential newborn care interventions
in India and reported a 50% overall lower NMR in its
intervention groups but also reported a 33% lower still-
birth rate in the intervention groups that could represent
differences in study group baseline mortality.35 The mag-
nitude of effect is consistent with the 41% lower IMR
observed in the Colombia study of traditional KMC.4

Other Effects
Infants who were born in health facilities were 2.7 times
less likely to have birth weight available (P � .001), and
their NMR was twice as high for CKMC than control
infants (P � .055), although the IMR difference in insti-
tutional deliveries was greatly diminished to 38% (not
significant). Data on obstetric complications were ob-
tained only in the case of maternal death or institutional
delivery that resulted in a newborn death. In the small
group of those who were born in health facilities and
died in the newborn period, 85.7% of control group and
100% of CKMC group mothers reported having had
pregnancy complications (P � .093); however, lay re-
ports of obstetric complications where many are illiterate
is probably inaccurate. Although there was little differ-
ence in the overall mortality, the excess CKMC institu-
tional mortality is explained by the fact that nearly 3
times as many women in the CKMC (24.4%) than con-
trol (9.4; P � .009) group whose infants died in the
newborn period sought care from and delivered in
health care facilities. This may reflect better obstetric
health-seeking behavior among CKMC mothers.

CKMC infants had a 19% relative significantly greater
risk for reported diarrhea than control infants. Had gen-
eral breastfeeding and supplementary food practices
been better in the CKMC group, a lower risk for diarrhea
would have been expected. Indeed, holding an unstabi-
lized newborn STS in rural settings similar to this study
could potentially increase maternal (or other caregiver)-
to-child contamination and infection. Still, the absolute
difference in the proportion of infants who were re-
ported to have diarrhea was only 4.3% and may reflect
that mothers who hold their infants STS observe and
report more occurrences, particularly those that affect
their body and cleanliness. Mothers of CKMC infants
reported statistically, although only absolutely, 3.5%
less postpartum bleeding than control mothers. Al-
though few mothers in either group breastfed immedi-
ately, nearly 80% more did so in the CKMC group.
Immediate postpartum breastfeeding stimulates produc-
tion of maternal oxytocin that would inhibit postpartum
bleeding. Finally, the use of handheld computers for
data collection allowed immediate consistency checks,
resulting in fewer than expected inconsistencies at pre-
liminary analysis, and facilitated 100% correct longitu-
dinal linkage of data that minimized attribution well
beyond that expected (no cases at 28 days of life and
�5% at 1 year of life).

CONCLUSIONS
This is the first study to demonstrate impact of CKMC,
an affordable, pragmatic intervention integrated into an

existing community-based program delivered by its
community workers, on newborn and infant survival.
CKMC implementation fell short of expectation. Theo-
retically, CKMC should affect overall mortality because
conditions such as hypothermia are common in both
LBW and normal-weight infants36 and early initiation of
breastfeeding improves survival.29 The sole effect ob-
served was that for newborns who weighed �2000 g
(modeled) at birth, a strong, statistically significant, bio-
logically and temporally plausible lower neonatal mor-
tality that is consistent with results from 2 African stud-
ies of early (“birth”) KMC conducted in hospitals with
limited neonatal intensive care capacity was observed;
however, the extensive missing birth weight informa-
tion, that deaths were underrepresented in the birth
weight–specific analyses making these analyses unrep-
resentative, and the differential availability of birth
weight in the CKMC and control groups rendered the
existing evidence of benefit insufficient to justify imple-
mentation of CKMC at this point in time. This conclu-
sion takes into account the results of the 2 randomized
trials of birth KMC, the Colombia study (in hospital-born
stabilized newborns) and what is known from a subse-
quent study of CKMC, including other essential new-
born care interventions in India.35 Estimating missing
birth weight by statistical modeling of subsequent infant
weight-for-age did not help to clarify the results because
the first percentile of international standards is � 2000 g
and because most infants who died in the newborn
period and did not have a birth weight measure did not
survive to have subsequent weight measurements. As-
suming that all those who died and did not have birth
weight measured weighed �2000 g at birth greatly
reduced the magnitude of effect and rendered it sta-
tistically insignificant.

We identified implementation problems and sugges-
tions to overcome them to modify the training guide-
lines to improve future intervention delivery. Still, it is
inappropriate to implement CKMC at this time on the
presumption of benefit or assumption of no harm. Cur-
rently, the studies of CKMC or birth KMC suffer meth-
odologic challenges that do not answer whether CKMC
as promoted—round-the-clock STS given until the in-
fant no longer desires STS, immediate breastfeeding,
etc—is sufficient to improve survival or to specify ade-
quate implementation (that which would render bene-
fit). CKMC training at this time is ill-advised. This study
demonstrates that suboptimal implementation (whereby
infants receive few hours of STS care that is promptly
discontinued) results in no overall benefit. Promotion of
any unproven intervention may be potentially harmful
because it may instill a false sense of confidence that
could impair health care–seeking behavior. If CKMC,
which quickly becomes popular, is set in place in a
manner that is ineffective, then it may be difficult or
impossible to improve implementation and effect at a
later date. Additional experimental research ensuring
baseline comparability of mortality, adequate KMC im-
plementation, and birth weight assessment is necessary
to clarify the effect of CKMC on newborn and infant
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survival before initiation of CKMC programs or inclusion
of CKMC in essential newborn care.
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