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Abstract:
Objective
To determine whether proportion of breast versus formula feeding, and timing of complementary
food introduction affect the odds of rapid gain in weight status in a diverse sample of infants.
Methods
Using data from Greenlight Intervention Study, we analyzed the effects of type of milk feeding
(breastfeeding, formula, or mixed feeding) from the 2 to 6 month well visits, and the introduction
of complementary foods before 4 months on rapid increase in weight-for-age z-score (WAZ) and
weight-for-length z-score (WLZ) before 12 months using multivariable logistic regression
models.
Results
Of the 865 infants enrolled, 469 had complete data on all variables of interest, and 41% and 33%
of those infants had rapid increases in WAZ and WLZ, respectively. Odds of rapid increase in
WAZ remained lowest for infants breastfeeding from 2 to 6 months (aOR 0.34; 95% CI: 0.17,
0.69) when compared to infants who were formula fed. Adjusted for feeding, introduction of
complementary foods after 4 months was associated with decreased odds of rapid increase in
WLZ (aOR 0.64; 95% CI: 0.42, 0.96).
Conclusion
Feeding typified by predominant breastfeeding and delaying introduction of complementary
foods after 4 months reduces the odds of rapid increases in WAZ and WLZ in the first year of
life.

What’s New:
We examined the roles of infant milk and complementary feeding on infant weight gain in an
understudied population. Breastfeeding and delaying introduction of complementary foods is
associated with lower odds of rapid infant weight gain in this population.

Introduction
Obesity prevention experts have recently recognized the influence of risk factors for obesity that
are present from conception to age 2 (the “first 1000 days”).1 This has prompted renewed
examination of risk factors in the early postnatal period. Exclusive breastfeeding and delaying
complementary feeding until 6 months are strategies for prevention promoted by national
guidelines.2 Despite recommendations, many infants are consuming complementary foods even
before 4 months of age.3 By 5 months of age, 75% of 5-month-old infants consume
complementary foods on a typical day.4 Complementary feeding involves both the quantity and
quality of foods offered as well as the timing of introduction. Given these multiple dimensions of
feeding, and their interplay with breastfeeding and bottle feeding, determining the overall effects
of the timing of complementary food introduction on subsequent weight gain and obesity has
been challenging.

Prospective studies have shown that total daily energy intake generally increases when
complementary foods are added, regardless of the month in which an infant begins to consume
them.5 Unlike breastfed infants, who show decreased demand for breast milk once
complementary foods are introduced,6 formula fed infants may not be fed fewer calories from
formula despite also receiving calories from complementary foods. 7 Introduction of
complementary foods prior to 4 months may increase overweight and obesity risk.8,9 However,
the decision of when to introduce complementary foods and how early introduction influences
later weight both vary based on whether the infant was primarily breastfed or formula-fed;5,10-12
several recent studies concluded that timing of complementary foods introduction was not
associated with obesity in early childhood. 13,14

One difficulty in determining associations between milk feeding type, timing of complementary
feeding, and early obesity is the complexity of confounding factors that affect each of these
feeding decisions. Many studies have not included analysis for periods of mixed (breast and
formula) feeding and fewer have examined early growth patterns such as rapid increases in
weight-for-age (WAZ) or weight-for-length (WLZ) z-scores.12 Rapid gain in weight-for-age in
the first 1000 days has been established as a factor related to obesity risk, yet what leads to these
increases in weight in the first 2 years of life is unclear.11,15 Infant growth trajectories likely
differ based on multiple genetic and environmental factors, but nutrition plays a significant role,
especially in the first year of life when growth is most rapid. In developed countries, infants who
are primarily fed formula have slightly more adiposity in later infancy than infants fed
exclusively breast milk.16 Given the need to untangle these influences and identify factors that
may attenuate increases in WAZ and WLZ and obesity risk, we aimed to examine correlates of
rapid increases in WAZ and WLZ in a diverse group of infants. We hypothesized that increased
breastfeeding and delaying complementary foods introduction after 4 months would be
associated with reduced odds of rapid increases in WAZ and WLZ in the first year of life.

Methods
We analyzed longitudinal data from the Greenlight Intervention Study, a cluster randomized
controlled trial of an obesity prevention intervention during the first two years of life. Detailed
methods of the Greenlight study have been published elsewhere.17 Briefly, the study took place
at 4 pediatric resident-based continuity clinics, and enrolled 865 caregiver-infant dyads at the 2-

month preventive visit from December 2009 through June 2014. Caregiver-infant dyads were
eligible to be included in the study if the infant was between 6 weeks and 16 weeks of age at the
2-month preventive visit, were born at >34 weeks gestational age, weighed ≥ 1500 grams at
birth, and had a weight-for-recumbent length at > 3rd percentile, based on World Health
Organization (WHO) age- and sex-specific growth standards, and were generally healthy. Dyads
were excluded if the caregiver had a significant neurological or mental illness or had uncorrected
visual acuity problems. At two of the four clinics a low-literacy toolkit targeting healthy
behaviors for optimal growth was delivered at each preventive visit during the first 2 years of life
(2, 4, 6, 9, 12, 15-18 months), while participants at the other two clinics received a curriculum
from the Injury Prevention Program (TIPP) designed by the American Academy of Pediatrics.
The Greenlight intervention toolkit covered a range of topics, including encouraging
breastfeeding, recognition of satiety cues, avoidance of sweetened beverages, delaying
introduction of complementary foods until at least 4 to 6 months, choosing appropriate solid
foods and portion sizes, being active with the infant, and avoiding screen time. The study was
approved by the Institutional Review Boards of all four study institutions (University of North
Carolina at Chapel Hill, Vanderbilt University, University of Miami, and New York University).

Weight and length information were available from each preventive visit attended, and was
measured by clinic staff who were specifically trained in reliable measurement for research
studies.18 Z-scores for both WAZ and WLZ were calculated using sex-specific WHO growth
standards. We calculated rapid increases in WAZ and WLZ using the most commonly held
definition of > 0.67 U increase in z-score, which has been shown in numerous prospective
studies and metanalyses to be associated with childhood obesity. 15,19-21 Changes in z-scores were

calculated as the difference between z-score at study initiation (2 month visit) and the z-score at
the 12 month visit. Our primary outcome was dichotomous, with > 0.67 U change in WAZ or
WLZ defined as rapid weight gain.

To examine associations between introduction of complementary foods and milk type on
increases in WAZ or WLZ, we used caregiver-reported information from standardized
questionnaires collected in the study. At each visit from 2 to 12 months, caregivers answered the
questions, “What type of milk does your child drink now?” and “Is your child eating solid foods
yet or do you put any solid foods in the bottle?” From these questions, we constructed a 4category variable for type of milk feeding at the 2 and 6 month visits, with each category
representing a different combination of milk feeding between these visits: 1) breast milk only; 2)
breast milk at 2 months followed by mixed (i.e., a combination of breast milk and formula) or
formula feeding at 6 months; 3) mixed feeding at 2 months followed by mixed or formula
feeding at 6 months; and 4) formula feeding only. Formula feeding from 2 to 6 months was the
referent category for all analyses. Constructing milk feeding categories in this way highlights the
hypothesized protective relationship between the degree and length of breastfeeding with slower
growth rates during infancy.22 Early introduction of complementary foods was defined as
reported intake of any foods other than milk consumed by mouth or put in the bottle to drink
before the 4 month visit. Introduction of foods prior to 4 months is generally considered to be
early.2,8 Early introduction was analyzed as the referent category in all analyses.
Children with incomplete data for weight, length and/or age at the 2 and 12 month well visits
(n=240), missing responses to the question of milk type feeding at both the 2 and 6 month well

visits (n=110), and missing responses to the introduction of complementary foods at the 4 month
well visit (n=46), were excluded, leaving a total sample of 469 caregiver-child dyads. We used
logistic regression to examine whether characteristics of missing data differed from our analytic
sample.

To examine predictors of rapid increases in WAZ or WLZ, we tested continuous variables with ttests and categorical variables with Pearson’s chi-square tests. Polychoric correlation matrices
were used to test for collinearity among predictors. No predictors were significantly correlated.
We constructed logistic regression models assessing the effects of milk feeding type,
complementary feeding before 4 months, and potential confounders on rapid weight gain
between the 2 and 12-month visits. A series of regression analyses were conducted to determine
whether milk feeding type and early introduction of complementary foods were independently
associated with rapid increases in WAZ or WLZ. Model 1 examined the relationship between
milk feeding type and rapid increases in WAZ or WLZ, with no adjustments for covariates. For
model 2, we added early introduction of complementary foods to Model 1 to test whether early
introduction of foods attenuated the relationship between milk feeding and rapid increases in
WAZ or WLZ. We added potential confounders to Model 3, to assess whether associations with
these increases were affected by known and hypothesized covariates. These covariates included
caregiver BMI, race/ethnicity and education and infant birth weight, gestational age at birth, age
at the 2 month visit, sex, whether the infant received less than 30 minutes of tummy time, and 30
minutes or more of active TV watching (caregivers directly responded with the number of
minutes and hours their infant spent watching TV) at the 2 month visit. We tested the Greenlight
intervention effect on our outcomes, which did not reveal a significant effect. As there may be

differences in decisions regarding complementary feeding based on milk feeding type, we
assessed but did not find any significant statistical interaction between milk feeding type and
timing of complementary foods introduction (data not shown).

Results
Out of 865 infants enrolled, 469 had complete data on all variables of interest. Of these infants,
41% and 33% gained >0.67 U in WAZ and WLZ, respectively (Tables 2 and 3). Infants were on
average 3.3 kg (SD 0.5 kg) at birth and 9 weeks old (SD 1.7 weeks) at the 2-month well visit;
half were female (51%, Table 1). Caregivers in our sample were mostly mothers (96%), Hispanic
(52%) or non-Hispanic black (26%), on average overweight (mean BMI 28.4 (SD 6.7)), and over
a quarter (26%) had less than a high school education. Nearly half (40%) of the infants were fed
formula only between their 2 and 6-month well visit and 16% were fed breast milk only (no
formula). A third of infants (34%) had complementary foods introduced before 4 months; most
had less than 30 minutes per day of tummy time (69%) and nearly a quarter watched 30 minutes
or more of television (24%) at the 2-month visit.

Infants who were excluded from analyses due to missing information were more likely to have
been born at an earlier gestational age (p=0.02) and fed formula at 2 months (p=0.03) or
switched to mixed feeding at 6 months (p=0.04) compared to those fed breast milk only through
6 months. Early introduction of complementary foods was independently associated with
increased odds of rapid increase in WLZ (OR 1.70 95% CI: 1.14, 2.54) and WAZ (OR 1.63 95%
CI: 1.10, 2.40; data not shown).

Infants with rapid increase in WAZ (depicted in Table 2) were significantly smaller at birth (3.2
kg vs. 3.4 kg, p<0.001) and at their 2-month visit (5.2 kg vs. 5.5 kg, p<0.001), and were born at
earlier gestational age (38.6 weeks vs. 39.3 weeks, p=0.01), compared to those without rapid
gain. Caregivers of infants with rapid increases in WAZ had a significantly higher BMI (29.2 vs.
27.8, p=0.03). There were significant differences in distributions of race/ethnicity and milk
feeding type at 2 and 6 months among those infants with rapid increases in WAZ. Significantly
more infants with rapid increase in WAZ had foods introduced before 4 months (40% vs. 29%,
p=0.01) and watched 30 minutes or more of television (30% vs 20%, p=0.01).

There were slight differences in the characteristics of infants with rapid increases in WLZ (Table
3). These infants, unlike those with rapid increases in WAZ, had a similar weight at their 2month visit, but weighed more at birth (3.4 kg vs. 3.2 kg, p<.001) and had later gestational age
(39.3 vs. 38.9, p=0.01) compared to those with no rapid increase in WLZ. There were no
significant relationships between milk feeding type from the 2 to 6-month visits or television
watching and rapid increase in WLZ. There were differences in the relationship between
race/ethnicity and WLZ, with more non-Hispanic black (29% vs. 26%) and non-Hispanic white
infants (23% vs. 18%) having rapid increases in WLZ than their respective overall samples.
Infants with rapid increases in WLZ were more likely to have foods introduced before the 4month visit (42% vs. 30%, p=0.01).

In Model 1, we observed a dose-response relationship in the odds of rapid increase in WAZ, with
progressively decreased odds of rapid increase in WAZ for each category of increasing breast
milk (Table 4 and Figure 1). Infants who had feedings that were mixed breast milk and formula
between the 2 and 6-month visits had 50% lower odds, those having breast milk at 2 months and
mixed feeding at 6 months had 68% lower odds, and those having breast milk from 2 to 6
months with no formula had 73% decreased odds of rapid increases in WAZ. However, there
was no significant relationship between type of milk feeding and rapid increase in WLZ.
In Model 2, when adjusting for categories of milk feeding between 2 and 6 months and
interaction between milk feeding category and timing of complementary introduction,
introduction of complementary foods before the 4 month visit increased the odds of rapid
increases in WLZ (aOR 1.57 95% CI: 1.04, 2.37), but the relationship was no longer significant
with WAZ increases (aOR 1.38 95% CI: 0.92, 2.07) (Table 4 and Figure 1). Point estimates for
the associations between rapid increase in WAZ and categories of milk feeding changed slightly
when adjusting for the timing of complementary foods introduction. The odds of rapid increase
in WAZ maintained a dose-response relationship; feeding breast milk (both mixed at 6 months
and only from 2 to 6 months) was associated with lower odds of rapid weight gain at 12 months
compared to feeding formula (aOR 0.32 95% CI: 0.14, 0.73, and aOR 0.30 95% CI: 0.16, 0.55,
respectively). Mixed feeding was also significantly associated with decreased odds of rapid
increase in WAZ when compared to formula feeding (OR 0.53 95% CI: 0.395 0.81).
Relationships between rapid increases in WLZ and milk feeding type were no longer statistically
significant when adjusting for timing of complementary foods introduction.

In Model 3, we analyzed the relationship between rapid increases in WAZ and WLZ separately,
adjusting for caregiver obesity and race/ethnicity, birth weight, gestational age at birth, age at the
2-month visit, and caregiver-reported infant activity (tummy time) and TV watching. We found
that odds of rapid increase in WAZ for infants receiving mixed feedings at 2 and 6 months
remained significantly lower when compared to formula feeding (aOR 0.55; 95% CI: 0.34, 0.91).
Receiving breast milk at 2 months and mixed feeds or formula at 6 months (aOR 0.40; 95% CI:
0.16, 0.99), and receiving breast milk only from 2 to 6 months (aOR 0.34; 95% CI: 0.17, 0.69)
were also associated with decreased odds of rapid increases in WAZ compared to formula
feeding. Odds of rapid increase in WLZ were lower for increasing level of breast milk
consumption, but estimates for each category of milk feeding were not statistically significant.
Even when adjusting for confounders, introducing complementary foods before the 4-month visit
was associated with higher odds of rapid gain in WLZ (aOR 1.61; 95% CI: 1.01, 2.55) than
delaying introduction (Table 4).

Discussion
Our analysis indicates that maintaining breastfeeding and delaying introduction of
complementary foods beyond 4 months are associated with lower odds of rapid increases in
weight-for-age and weight-for-length, respectively. As hypothesized, we found that increasing
levels of breast milk as the main source of milk between the 2 and 6-month well visits reduced
the odds of rapid increase in weight-for-age z-scores in the first year of life in a stepwise manner.
Similarly, delaying introduction of complementary foods until after the 4-month visit was
associated with reduced odds of rapid increase in weight-for-length z-scores in the first year of

life. Our findings suggest that the type of milk feeding and timing of complementary foods
introduction are associated with differential accelerated growth in early life in this low-income,
diverse sample of infants.

In our study sample, parental report of delayed introduction of complementary foods beyond 4
months was associated with reduced odds of rapid increases in weight-for-length over the first
year of life. One study found six-fold increased odds of childhood obesity among formula fed,
but not breastfed, infants receiving solid foods before 4 months. 9 Although that study population
had much higher levels of education and income compared with our analysis, the results suggest
that decisions to wean infants before 6 months may confound relationships between introduction
of solid food and obesity. Parents of both breastfed and formula fed infants may perceive the
infant to need more calories than breast milk or formula provides. Such reverse causation,
especially among infants weaned from breastfeeding due to concerns about intake, has been
shown in studies investigating the role of breastfeeding on subsequent obesity.23 Infant appetite
remains an area of active exploration.24,25
While previous studies demonstrated interaction between breastfeeding duration and the timing
of introduction of complementary foods, 8,26 we did not find a significant interaction in our
sample. Others have shown that introduction of solid foods before 4 months, compared to after 6
months, is associated with increased BMI for infants breastfed for < 4 months as well as those
breastfed for ≥ 4 months.8 Delaying introduction of solids after 7 months, compared to 5-6
months, is also associated with increased BMI for infants breastfed for < 4 months, but not for
infants breastfed ≥ 4 months of age. A U-shaped relationship between the timing of

complementary foods introduction and BMI suggests 4-6 months to be an appropriate time to
introduce foods. This conveniently corresponds to recommendations for prevention of atopic
disease.27

The timing of introduction varies widely among cultures. 28,29 Although early introduction of
foods has been shown to affect obesity differentially by ethnic group, 30 most cohorts
investigating factors related to rapid weight gain and obesity have not been as racially,
ethnically, and economically diverse as ours. Our sample is not representative of the US, as it is
more racially and ethnically diverse and is much poorer than many other study populations.
However, understanding these interplays in this population is critically important since this is the
population at greatest risk for childhood obesity, which may be driven by the fact that milk
feeding type differs by racial and ethnic group.31 The strengths of our analysis include
prospective data collection of repeated feeding characteristics in a clinical setting, and the
analysis by both weight-for-age and weight-for-length to describe differences in these measures.

Given that weight and length provide an incomplete, albeit practically useful, measure of obesity
risk, we decided, as others have,32-34 to report associations between both weight-for-age and
weight-for-length. Differences in body composition attributed to milk type may explain our
observed differences between WAZ changes and WLZ changes. Increases in WAZ may be
attributed to fat mass or fat free mass and include increases in height, whereas increases in WLZ
are likely to represent adipose tissue deposits. 35 Therefore, these changes contribute to different
mechanisms of growth, both of which play roles in future health. Changes in body composition

in infancy differ between breastfed and formula-fed infants. In our analysis, breastfeeding may
have influenced increases in both weight and length differently than timing of complementary
foods, due to hormonal influences on growth or specific macronutrient content .36 Understanding
how different exposures to different milk feeding influences fat-free mass and fat-mass accrual
will be important for prevention efforts. 25
Limitations
Our analysis was limited in that we only looked at the growth changes between 2 and 12 months
to assess the outcome of rapid weight gain during this period. Most missing data was due to
attrition from the study, and we felt imputation would not have yielded an appropriate
representation of this diverse sample. However, attrition may have affected the interpretation and
generalizability of our findings. A different approach might yield important evidence on specific
periods of time, or other measures such as peak weight velocity, or peak BMI that could signal
later cardiometabolic disease risk.37 Feeding in the first week and month of life influence weight
gain and obesity risk,38,39 and we did not collect detailed information on feeding prior to the 2
month visit. Although reasons for early introduction were not assessed, 12% of caregivers in our
sample had already introduced solid foods at enrollment (2 month preventive visit).31 Roughly
half of our analysis sample were exposed to the study intervention, although our analyses
accounted for both receipt of the intervention and the site at which the participant was enrolled.
Desirability bias, or participants answering questions based on their knowledge of the
intervention content, could also play a role in our findings. Finally, given the potential for
unmeasured confounding, we cannot fully establish causation between feeding and weight
changes in this sample.

Conclusion
In a diverse, multicenter cohort of infants, we show that two early parent feeding behaviors are
associated with decreased odds of rapid increases in either WAZ or WLZ: (1) increased breast
milk feeding before age 6 months and (2) delayed introduction of complementary foods until
after age 4 months. These findings suggest that each of these factors may play a critical role in
early risk for obesity, and may be key targets for early childhood obesity prevention efforts in
clinical community-based settings.
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Table 1. Demographics and Descriptive Characteristics of Dyads in Analysis Sample from
Greenlight Intervention Study, n=469

Mean (SD), % (n)

Overall

Birth weight, kg (n=468)

3.3 (0.5)

Gestational age, wk (n=467)

39.1 (1.5)

Age at 2 mo visit, wk

9.3 (1.7)

Weight 2 mo visit, kg

5.4 (0.7)

Female

50.8 (238)

Caregiver type (Mother)

96.4 (452)

Caregiver BMI, (n=432)

28.4 (6.7)

Caregiver Race/Ethnicity

Caregiver education (n=468)

Milk Type (at 2 and 6 months)

Non-Hispanic Black

26.4 (124)

Hispanic

51.8 (243)

Non-Hispanic White

17.5 (82)

Non-Hispanic Other

4.3 (20)

Less than high school

26.1 (122)

High school graduate

33.1 (155)

Some college

22.7 (106)

College graduate

18.2 (85)

Formula, formula

39.9 (187)

Mixed, formula

37.3 (175)

Breast, mixed

7.0 (33)

Breast, breast

15.8 (74)

Complementary foods before 4 month visit

33.5 (157)

Tummy time < 30 min/day (n=466)

69.3 (323)

TV watching >=30 min/day

23.9 (112)

*p < 0.05 within indicated sociodemographic characteristics; WAZ – weight-for-age z-score; WLZ –
weight-for-length z-score

Table 2. Demographics and Descriptive Characteristics by Weight-for-age (WAZ) Change
Category
No Rapid WAZ Change

Rapid WAZ Change

58.9 (276)

41.2 (193)

Birth weight, kg (n=468)

3.4 (0.5)

3.2 (0.5)*

Gestational age, wk (n=467)

39.3 (1.3)

38.6 (1.6)*

Age at 2 mo visit, wk

9.4 (1.7)

9.2 (1.6)

Weight 2 mo visit, kg

5.5 (0.7)

5.2 (0.7)*

Female

51.5 (142)

49.7 (96)

Caregiver type (Mother)

96.4 (266)

96.4 (186)

Caregiver BMI, (n=432)

27.8 (6.2)

29.2 (7.2)*

Non-Hispanic Black

20.3 (56)

35.2 (68)*

Hispanic

57.3 (158)

44.0 (85)

Non-Hispanic White

17.8 (49)

17.1 (33)

Non-Hispanic Other

4.7 (13)

3.6 (7)

Less than high school

26.8 (74)

25.0 (48)

High school graduate

32.3 (89)

34.4 (66)

Some college

19.9 (55)

26.6 (51)

College graduate

21.0 (58)

14.1 (27)

Formula, formula

31.2 (86)

52.3 (101)*

Mixed, formula

39.9 (110)

33.7 (65)

Breast, mixed

8.7 (24)

4.7 (9)

Breast, breast

20.3 (56)

9.3 (18)

Mean (SD), % (n)

Caregiver Race/Ethnicity

Caregiver education (n=468)

Milk Type (at 2 and 6 months)

Complementary foods before 4 month visit

29.0 (80)

39.9 (77)*

Tummy time < 30 min/day (n=466)

72 (198)

65.5 (125)

TV watching >=30 min/day

19.6 (54)

30.1 (58)*

*p < 0.05 within indicated sociodemographic characteristics; WAZ – weight-for-age z-score; WLZ – weight-forlength z-score

Table 3. Demographics and Descriptive Characteristics by Weight-for-length (WLZ) Change
Category
No Rapid WLZ Change

Rapid WLZ Change

67.2 (315)

32.8 (154)

Birth weight, kg (n=468)

3.2 (0.5)

3.4 (0.5)*

Gestational age, wk (n=467)

38.9 (1.5)

39.3 (1.3)*

Age at 2 mo visit, wk

9.4 (1.7)

9.0 (1.6)*

Weight 2 mo visit, kg

5.4 (0.7)

5.4 (0.8)

Female

49.5 (156)

53.3 (82)

Caregiver type (Mother)

96.2 (303)

96.8 (149)

Caregiver BMI, (n=432)

28.0 (6.5)

29.2 (6.9)

Non-Hispanic Black

25.4 (80)

28.6 (44)*

Hispanic

56.2 (177)

42.9 (66)

Non-Hispanic White

14.9 (47)

22.7 (35)

Non-Hispanic Other

3.5 (11)

5.8 (9)

Less than high school

28.6 (90)

20.9 (32)

High school graduate

31.8 (100)

36.0 (55)

Some college

20.3 (64)

27.5 (42)

College graduate

19.4 (61)

15.7 (24)

Formula, formula

36.5 (115)

46.8 (72)

Mean (SD), % (n)

Caregiver Race/Ethnicity

Caregiver education (n=468)

Milk Type (at 2 and 6 months)

Mixed, formula

39.1 (123)

33.8 (52)

Breast, mixed

7.0 (22)

7.1 (11)

Breast, breast

17.5 (55)

12.3 (19)

Complementary foods before 4 month visit

29.5 (93)

41.6 (64)*

Tummy time < 30 min/day (n=466)

70.5 (222)

66.0 (101)

TV watching >=30 min/day

23.2 (73)

25.3 (39)

*p < 0.05 within indicated sociodemographic characteristics; WAZ – weight-for-age z-score; WLZ – weight-forlength z-score

Table 4. Multivariate Odds of Rapid Infant Gain in Weight-for-age (WAZ) and Weight-forlength (WLZ) among infants in the Greenlight Intervention Study (n=469).

Variable

Model 1, OR

Model 2, AOR

Model 3, AOR

(95% CI)

(95% CI)

(95% CI)

Rapid
Gain
WAZ

Rapid
Gain
WLZ

Rapid
Gain
WAZ

Rapid
Gain
WLZ

Rapid
Gain

Rapid
Gain

WAZ

WLZ

Milk Type
Formula

--

--

--

--

--

--

Mixed* from 2
to 6 mos.

0.50**

0.68

0.53**

0.73

0.55**

0.71

(0.33,
0.77)

(0.44,
1.05)

(0.35,
0.81)

(0.46,
1.13)

(0.34,
0.91)

(0.42,
1.19)

Breast 2 mos.,
mixed* 6 mos.

0.32 **

0.80

0.32**

0.81

0.40**

0.82

(0.14,
0.72)

(0.37,
1.74)

(0.14,
0.73)

(0.37,
1.79)

(0.16,
0.99)

(0.33,
2.01)

Breast, no

0.27**

0.55

0.30**

0.63

0.34**

0.53

formula 2 to 6
months

(0.15,
0.50)

(0.30,
1.00)

(0.16,
0.55)

(0.34,
1.15)

(0.17,
0.69)

(0.26,
1.07)

No

--

--

--

--

Yes

1.38

1.57**

1.34

1.61**

(0.92,
2.07)

(1.04,
2.37)

(0.85,
2.10)

(1.01,
2.55)

--

--

0.91

0.90

(0.58,
1.43)

(0.57,
1.43)

0.76

2.77**

(0.47,
1.24)

(1.65,
4.64)

0.74

1.08

(0.62,
0.87)

(0.90,
1.29)

0.87

0.84**

(0.77,
1.00)

(0.73,
0.97)

1.30

0.94

(0.85,
1.97)

(0.61,
1.45)

--

--

Early Introduction of Complementary Foods

Maternal BMI
Obese (BMI ≥
30 kg/m2)
Not obese
(BMI
<30kg/m2)
Birthweight
(kg)

Gestational
Age (weeks)

Age at 2 mos.
visit (weeks)

Sex, female

Race/ethnicity
White, nonHispanic

1.35

0.93

(0.72,
2.55)

(0.49,
1.78)

1.08

0.71

(0.58,
1.99)

(0.38,
1.32)

1.25

1.61

(0.42,
3.77)

(0.55,
4.75)

> 30 min/day

--

--

≤ 30 min/day

0.85

0.81

(0.53,
1.36)

(0.50,
1.31)

> 30 min/day

--

--

≤ 30 min/day

0.74

1.18

(0.44,
1.24)

(0.68,
2.03)

Black, nonHispanic

Hispanic

Other

Tummy Time

Active TV watching by infant

*Mixed = formula and breast milk; **95% CI does not cross 1.0

Figure 1. Odds of rapid gain in weight-for-age z-scores in the first year of life by milk feeding
category in 3 models.

Figure 2. Odds of rapid gain in weight-for-length z-scores in the first year of life by milk feeding
category in 3 models.

