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The developmental origins of health and disease theory posits 
that early life experiences may be associated with adult chronic 
disease development, including obesity (1–6). Birth weight is 
a frequently used marker for the early life experience. Earlier 
studies focused on low birth weight associations (1,7), but recent 
investigations have expanded to include high birth weight (5,8). 
However, most studies examined health outcomes at a single 
time point in adulthood and studies with longitudinally col-
lected adult outcomes, such as weight trajectories, are rare.

We examined the relationship of birth weight in relation to 
15-year changes in body composition in a population-based 
sample of middle-class adult white women. It was hypoth-
esized that adult body composition trajectories would differ 
among low and high birth weight groups of women compared 
to women in the normal birth weight group.

Methods and Procedures
The study population was from the Michigan Bone Health and 
Metabolism Study (MBHMS), a prospective cohort study investigating 
changes in women’s health prior to and through the menopause (9). 
Recruitment and enrollment occurred in 1988 and 1992 and, upon 
completion, comprised 664 women who were aged 24–50 years in 1992. 
Since 1992, participants have been evaluated annually for 15 years, 

excluding two time intervals of 13–18-months duration associated with 
funding lapses. These analyses incorporated data from the 587 (88.4%) 
MBHMS women for whom birth weight data were available and who 
were singletons at birth.

At the 1988 enrollment, women self-reported their birth weight. In 
2008, active MBHMS participants were contacted to participate in a sup-
plemental telephone-based interview to further characterize their birth 
history, including birth weights. These interviews gathered additional 
birth-related characteristics, including mother’s age and smoking behav-
ior at participant’s birth, participant’s birth order, and whether participant 
was from a singleton birth. Among the 561 participants active in 2008, 
82% completed the supplemental birth history interview.

Self-reported birth weight, in grams (g), was categorized based on 
clinical cut-points: low (<2,500 g); normal (2,500–4,000 g); and high, 
(>4,000 g). Since there was little variation in the birth weight data col-
lected in 2008 compared to 1988, birth weight reported in 2008 was used 
only when the 1988 data were missing (n = 74).

Body composition measures (weight, height, waist and hip circumfer-
ences, and fat, lean, and skeletal muscle mass) were collected annually. 
A calibrated stadiometer and balance-beam scales were used to meas-
ure height and weight, respectively. BMI was calculated by dividing the 
weight, in kilograms, by the square of the height, in meters. Using non-
stretching tape, waist circumference was measured during expiration at 
the narrowest section of the torso and hip circumference was evaluated at 
the widest section of the hip. Waist-to-hip ratio was calculated by divid-
ing waist by hip circumference. Fat, lean, and skeletal muscle mass were 
collected using measures from bioelectrical impedance (10,11).
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Non-normally distributed outcomes were log transformed to sat-
isfy model assumptions and, as appropriate, were back transformed to 
their original scale to ease interpretation. Linear mixed modeling with 
repeated measures was used to compare the 15-year adult body com-
position trajectories of the normal birth weight group to the low and 
high birth weight groups. Birth weight by time interactions were tested 
to determine whether the rates of change in the adult body composi-
tion measures varied by birth weight category. Models were adjusted for 
participant’s baseline age. Analyses were completed using SAS v 9.2 (SAS 
Institute, Cary, NC) and statistical significance was defined as α < 0.05.

results
In this population of adult women born between the years 
1942 and 1967, self-reported birth weight was normally dis-
tributed with a mean of 3,289 g and range of 1,531–5,897 g. 

Most (81.9%) women were in the normal birth weight group 
(mean = 3,291 g); 9.2% of women were in the low birth weight 
category (mean = 2,208 g) while 8.9% of women were in the 
high birth weight group (mean = 4,399 g).

The 15-year trajectories observed from fitted linear mixed 
models indicated that all women experienced an increase in 
their body composition measures during adulthood. However, 
women in the high birth weight group had significantly higher 
levels of adult weight, height, BMI, waist and hip circumfer-
ence, and fat, lean, and skeletal muscle mass across the 15-year 
study period compared to women in the normal birth weight 
group, before and after adjusting for age. Figure 1 illustrates 
the 15-year expected adult weight trajectories by birth weight 
group. The trajectories were similar for all other body compo-
sition measures, except waist-to-hip ratio.

At the study baseline, women in the high birth weight group 
were, on average, 13% (P < 0.01) heavier and had BMI and 
fat mass levels that were, on average, 11% (P < 0.01) and 20% 
(P < 0.01) higher, respectively, than women in the normal birth 
weight group (Table 1). Similarly, waist circumference and 
lean mass were an average of 5.51 cm (P < 0.01) and 3.91 kg 
(P < 0.01) larger, respectively, in high relative to normal birth 
weight women at baseline.

Over the 15-year study period, there were no significant dif-
ferences in adult body composition trajectories between low 
and normal birth weight women (Figure 1). Marginally signif-
icant differences in the rates of change of waist circumference 
and lean mass were observed when comparing women in the 
high to the normal birth weight group (Table 1).

discussion
This population-based study compared middle-class, white 
women, grouped using clinically defined cut-points for birth 
weight, for differences in their body composition trajecto-
ries as middle-aged adults. Women who were heavier at birth 

table 1 Fifteen-year longitudinal relationship of birth weight with adult body composition in MBhMs women

Body composition

Low birth weight (<2,500 g)a High birth weight (>4,000 g)a

Main effectb Slopeb Main effectb Slopeb

β s.e. P β s.e. P β s.e. P β s.e. P

Log weight (kg) −0.03 0.03 0.37 0.001 0.001 0.41 0.13 0.03 <0.01 0.001 0.001 0.26

Height (cm) −1.15 0.82 0.16 −0.001 0.010 0.96 1.83 0.82 0.03 0.0003 0.010 0.97

Log BMI (kg/m2) −0.01 0.03 0.73 0.001 0.001 0.42 0.10 0.03 <0.01 0.001 0.001 0.27

Waist circumference (cm) −0.45 1.92 0.81 0.091 0.104 0.38 5.51 1.92 <0.01 0.182 0.100 0.07

Log hip circumference (cm) −0.005 0.02 0.77 0.0004 0.001 0.67 0.06 0.02 <0.01 0.001 0.001 0.15

Waist-to-hip ratio −0.003 0.01 0.75 0.001 0.001 0.34 0.01 0.01 0.49 0.0001 0.001 0.89

Log fat mass (kg) −0.04 0.06 0.46 0.002 0.003 0.54 0.19 0.06 <0.01 0.002 0.003 0.44

Lean mass (kg) −0.97 0.96 0.31 0.035 0.040 0.38 3.91 0.96 <0.01 0.065 0.039 0.09

Skeletal muscle mass (kg) −0.29 0.37 0.43 0.010 0.015 0.52 1.52 0.37 <0.01 0.023 0.015 0.11

Adjusted for participant’s age at baseline.
MBMHS, Michigan Bone Health and Metabolism Study.
aWomen in the low and high birth weight groups were examined relative to women in the normal birth weight group. bThe main effect describes the mean difference in 
the adult body composition measure at baseline relative to the normal birth weight group. The slope is the interaction of birth weight and time and describes the rate of 
change on the adult body composition measure relative to the normal birth weight group.
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Figure 1 Fifteen-year expected adult weight trajectories by birth weight 
group in Michigan Bone Health and Metabolism Study women. Normal, 
low, and high birth weight was defined as 2,500–4,000 g, <2,500 g, 
and >4,000 g, respectively. Fifteen-year trajectories were adjusted 
for participant’s age at baseline and were similar in all other body 
composition measures, except waist-to-hip ratio.
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continued to be heavier into adulthood. Mixed modeling iden-
tified that rates of change in adult body composition measures 
did not differ across the birth weight groups. Thus, although 
high birth weight women had higher adult body composition 
measures, their rates of body composition change over time 
were similar to those of normal birth weight women.

This is one of the few studies to examine the relationship 
between birth weight and annually collected measures of adult 
body composition over a 15-year time period. The finding that 
high birth weight women had a greater propensity for higher 
adult body composition levels corroborates studies that con-
sistently described a positive association between birth weight 
and weight, BMI, and lean mass later in life. The addition of 
longitudinal data provided greater insight about the trajecto-
ries in adult body composition in women that have not been 
previously described. Notably, these results suggest that the 
relative position of body composition trajectories is main-
tained during young adulthood.

While we found an association with high birth weight and 
adult fat mass, no relationship was observed with waist-to-
hip ratio, suggesting that the higher levels of adipose tissue in 
the high birth weight group women were not more likely to 
be centrally distributed. The relationship between birth weight 
and adult fat mass and waist-to-hip ratio, a marker for cen-
tral adiposity, has been inconsistently observed. Prior studies 
reported a positive association between birth weight and fat 
mass (2,12), while others describe either no association (5,8) 
or an inverse one (3).

Rapid and excessive postnatal growth in low birth weight 
infants, particularly within developed countries, has been impli-
cated as a mechanism for increased fat mass in adulthood (6). 
We reported no statistically significant differences in adult cen-
tral adiposity and fat mass between low and normal birth weight 
women, possibly due to healthy weight gain in low birth weight 
infants after birth, although this hypothesis could not be tested 
in our study.

Previous research with the capacity to assess birth weight and 
longitudinal changes in adult body composition is limited. In 
a 9-year study of Dutch adults followed over four time points, 
increasing birth weight in females was associated with decreas-
ing subcutaneous fat mass, truncal fat, and waist circumfer-
ence; however, the highest birth weight tertile remained within 
the clinically accepted range of normal birth weight (5).

This study examined a population-based sample of white 
women, born between 1942 and 1967. Although birth weight 
and adult body composition may be influenced by age and 
cohort effects, we found no evidence of these effects in our 
data. Further, most of the MBHMS participants were born and 
continue to reside in Tecumseh, MI, supporting the lack of evi-
dence of a cohort effect.

The homogeneity of the study population, which permit-
ted minimal concern for selected confounding factors, such as 
race, socioeconomic status, and social environment, was a study 
strength. Further, since BMI measures do not differentiate the rel-
ative contribution of lean and fat mass (4,6), this study collected 
lean, skeletal muscle, and fat mass and fat distribution data.

A study limitation was the self-report of birth weight. 
However, several studies have described the validity of self-
reported birth data (13,14). A recent study reported good 
level of agreement and sensitivity in self-reported birth weight 
when compared to medical records (13). Self-reported low 
birth weight may be less sensitive to measurement error than 
normal or high birth weight (13), so our observation of no 
association may also arise from the attenuation of effects from 
measurement error.

In conclusion, these findings indicate that high birth weight 
was related to subsequently measured higher levels of adult 
body composition. However, birth weight group assignment 
was not associated with slopes representing 15-year changes in 
body composition measures. Our observation that high birth 
weight was not related with centrally distributed fat mass, 
despite a positive association with total fat mass, suggests the 
value in examining whether high birth weight women have a 
decreased risk for developing chronic diseases in which central 
adiposity is a prominent risk factor.
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