
ABSTRACT
Background: The timing of maternal weight change in preg-
nancy may be an important determinant of the newborn’s size.
Objective: The purpose was to identify effects of maternal
weight change by trimester on newborn size, under the hypothe-
sis that low weight gain early in pregnancy predicts proportion-
ately smaller newborns.
Design: Women planning to become pregnant were followed by
clinic visits and questionnaires through delivery. This study
includes 389 women and their singleton infants born at a gesta-
tional age of ≥ 241 d.
Results: In multiple regression analyses including a variety of
potential confounders, maternal weight gain in the first and sec-
ond trimesters predicted newborn weight (1-kg weight gain in
the first trimester predicted a 31-g increase in newborn weight,
P < 0.0007, and 1-kg weight gain in the second trimester predicted
a 26-g increase in newborn weight, P < 0.007), but weight gain
in the third trimester did not. Newborn ponderal index (in kg/m3)
was predicted by weight gain in the first (1-kg weight gain pre-
dicted an added 0.21 units, P < 0.0003) and third (1-kg weight
gain predicted an added 0.12 units, P < 0.03) trimesters but not
in the second trimester. Newborn weight was 211 g lower
(P < 0.006) and ponderal index 1.2 units lower (P < 0.02) in
infants born to women who lost weight in the first trimester.
Conclusions: The use of measured prepregnancy weight in tests
of the effect on newborn size of weight gain by time in pregnancy
produces different results than does the use of recalled prepreg-
nancy weight. Maternal weight change in the first trimester of
pregnancy more strongly influences newborn size than does
weight change in the second or third trimester. Am J Clin
Nutr 2002;76:205–9.
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INTRODUCTION

Newborn size is an important indicator of infant survival and
childhood morbidity (1) and appears to be related to subsequent
risk of type 2 diabetes, hypertension, cardiovascular disease, and
other disorders (2, 3). Therefore, many studies have attempted
to identify sources of variation in newborn size. Total maternal
weight gain in pregnancy is a well-established, modifiable influ-
ence on newborn size (4), but less is known about the effects of

weight change by time in pregnancy. Studies have generally
found maternal weight gain in the first trimester of pregnancy to
be unrelated to birth weight (5–7) and weight gain in the second
trimester (5, 8) or the second and third trimesters (6, 7, 9, 10) to
be related. Previous studies were based on recalled prepregnancy
weight rather than on measured weight. It is possible that the use
of recalled prepregnancy weight introduces sufficient error to
make it difficult to detect the effects of first-trimester maternal
weight change on newborn size.

The purpose of the current study was to identify effects of
maternal weight change by trimester of pregnancy on weight,
length, head circumference, and ponderal index (PI; in kg/m3) of
newborns. It was hypothesized that smaller weight gains in early
pregnancy would predict proportionately smaller newborns.

SUBJECTS AND METHODS

The study was conducted among women enrolled in the Diana
Project, a population-based, prospective study of effects of pre-
conceptional and pregnancy nutritional exposures on reproduc-
tive outcomes. Information on eligibility criteria, recruitment
methods, sample retention, characteristics of the subjects, and
reproductive outcomes is available in a separate publication (11).
Volunteers for the Diana Project were recruited primarily by mail
from 1989 to 1992 from the population of women aged 22–35 y
enrolled in Group Health, Inc, a managed-care organization serv-
ing the Greater Minneapolis–St Paul area of Minnesota. Births
occurred to participants through 1993. Women were eligible for
the study if they intended to become pregnant within the enroll-
ment period; had not been attempting pregnancy for ≥3 mo; had
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delivered their last infant ≥12 mo before enrollment; did not
intend to use contraceptive methods during the study; had no his-
tory of hypertension, renal disease, diabetes mellitus, heart disease,
or infertility; and submitted a signed consent form. Recruitment
efforts resulted in 2840 contacts from potential participants;
1152 were eligible and were enrolled. Of these 1152 women, 84%
(n = 968) completed the study to an endpoint and 706 delivered
liveborn singleton infants. This study includes 389 of these
women whose pregnancies lasted ≥241 d from conception and for
whom data on preconceptional weight and height within 6 mo of
conception or 2 wk after conception and on weight within 25 d of
the end of each trimester are available. Weeks included in each
trimester consist of 0 to <12.7 wk for the first trimester, 12.7 to
<25.4 wk for the second, and ≥25.4 wk for the third trimester.
The research was approved by the institutional review board, and
women were paid $100 for full participation in the study.

Study protocol

Independent effects of maternal weight gain in each trimester
of pregnancy, total pregnancy weight gain, and weight loss in the
first trimester on newborn weight, length, head circumference,
and weight-for-length (PI) of newborns were tested in multiple
regression analyses. Potential confounders to these relations
consisted of the mother’s birth weight, parity, and age at con-
ception; preconception body mass index (BMI; in kg/m2), height,
and weight; diagnoses of gestational diabetes, chronic and gesta-
tional hypertension, and infection (yes or no); nausea and vom-
iting in the first trimester (yes or no); smoking during pregnancy
(yes or no); and the sex and gestational age of the newborn. The
sample was restricted to singletons with gestation ≥241 d to limit
the effects of early delivery on the relation of pregnancy weight
gain and newborn size.

Data for the Diana Project were collected by interviews and
from measurements obtained during clinic visits, from mailed
questionnaires, and from medical records by trained abstractors.
Each mother’s birth weight, parity (number of previous live births),
and age at conception and the occurrence and frequency of nau-
sea and vomiting in the first trimester were identified by self-
administered questionnaires. Weight without clothing, measured
on home scales, was reported weekly by women and was meas-
ured on calibrated beam-balance scales during periodic study vis-
its. A home scale was provided for each woman who needed it.
Study visits were scheduled once before pregnancy, every 3 mo
during pregnancy, and once within 6 and 8 wk postpartum. Home
weights correlated highly with weights measured in the clinic
(r = 0.98) and are used here. Weight was measured <6 mo before
conception in 364 women and within 2 wk after conception in the
remaining 25. The last first-trimester weights used in analyses
were from 70 to 98 d of gestation, and the last second-trimester
weights were those from 160 to 183 d. The last measure of preg-
nancy weight gain was within 1 wk of delivery in 354 women,
within 2 wk of delivery in 22, and within 22 d of delivery in 13.
The height of subjects, not wearing shoes, was measured during
the first preconception clinic visit by trained, periodically moni-
tored, certified nurse midwives, nurse practitioners, or other health
professionals who used a stationary stadiometer. Diagnoses of
gestational diabetes and gestational and chronic hypertension
were taken from medical records. Documentation in the medical
record of at least one diagnosed infection, such as chlamydia, viral
syndrome, herpes, or urinary tract infection, during pregnancy
qualified women for a “yes” response to prenatal infection.

Gestational age of newborns was estimated as the number of
days from conception to delivery. In most cases, the day of con-
ception was calculated from monthly menstrual records (date of
the first day of the next expected menstrual cycle minus 14 d).
It was obtained from newborn records when menstrual cycle
data were incomplete. Newborn size outcomes of weight, length,
and head circumference were gathered from medical records.
Birth weight was assessed on a digital scale shortly after birth
and while the newborn was naked. Placenta weights were not
available in the medical record. Preferred values for length and
head circumference were those measured at the routinely sched-
uled, 2-wk postpartum visit when the legs were more flexible
and head circumference was less affected by delivery. Length
was generally measured while the infant lay on a sheet of paper
with the knees being slightly bent by the clinician. The paper
was marked at the bottom of the infant’s heels and then at the
top of the head, and the interval measured with a tape and
recorded. For a few infants, measures of length at birth were
used after adjustment for time trend.

Characteristics of the women included in the analyses
(n = 389) were compared with those of women in the Diana Pro-
ject for whom data were incomplete and who were excluded
(n = 292). Women providing complete data differed from women
with incomplete data in that parity was higher among women
with complete data (0.47 ± 0.69 and 0.29 ± 0.64 live births,
respectively; P < 0.001). No significant difference was found
between participants included and those not included with regard
to mean maternal age, preconception weight, or height or new-
born gestational age, birth weight, or length (54.0 ± 7.0 and
53.3 ± 2.3 cm, respectively). No significant differences in cate-
gories of diagnosed infection, smoking, household income, or
race were apparent between the 2 groups.

Statistical analyses

Covariance between independent variables was assessed by
correlations. Multiple regression models (PROC GLM, SAS,
version 6.12; SAS Institute Inc, Cary, NC) were used to assess
independent effects of the weight change during a trimester on
newborn size outcomes while controlling for potential con-
founding. Total weight gain was entered into final models in
place of trimester weight gain to test consistency of the results.
Interaction terms testing the effects of preconception BMI and
trimester weight gain on newborn size outcomes were entered
into final regression models. Predicted and mean newborn
weight and PI by trimester weight gain were calculated. Slopes
of weight gain and birth weight or PI by trimester were com-
pared by putting the 3 trimester slopes into a single linear model
as explanatory variables.

To specifically identify whether low maternal weight change
in the first trimester affects newborn size, we divided women
into 3 groups: those losing weight (n = 41) and those gaining less
(n = 174) or more (n = 174) weight than the median (2.7 kg).
These groups were entered into regression models along with
weight gain in the second and third trimesters and the other inde-
pendent variables in the final regression models.

RESULTS

Sample characteristics are shown in Table 1. Women gained
an average of 15.6 kg during pregnancy. Weight gain by trimester
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of pregnancy was independently related to newborn weight and
PI (Table 2), but not to length or head circumference. Variables
not retained in newborn weight and PI models at P < 0.05 con-
sisted of the mother’s birth weight, preconception weight, diag-
nosed gestational diabetes, gestational and chronic hypertension,
infection, nausea and vomiting, and smoking during pregnancy.
Specifically, each kilogram of weight gained by the mother in
the first and second trimester predicted a 31-g and 26-g increase
in newborn weight, respectively, when the effects of other
covariates were controlled for. Weight gain in the third trimester

was not predictive of newborn weight. Newborn PI was pre-
dicted by maternal weight gain in the first and third trimesters of
pregnancy. Each kilogram of weight gained in the first trimester
added an estimated 0.21 units to newborn PI in the first trimester
and 0.12 units in the third trimester. Weight gain in the second
trimester was not related to newborn PI.

Comparisons of the slopes of the relation of trimester maternal
weight gain to birth weight showed that slopes in the first and sec-
ond trimesters were similar (�30 g/kg) and markedly greater than
the slope in the third trimester (�7 g/kg). The magnitude of the
difference in slopes was not significant (P = 0.14), but it is likely
of clinical importance. Pairwise comparisons detected no signifi-
cant difference between the first- and second-trimester slopes
(P = 0.74) or between the second- and third-trimester slopes
(P = 0.16). Differences between the slopes of the first and third
trimesters and in the sum of the first and second trimesters bor-
dered on significance (P = 0.059 and 0.052, respectively). Slopes
of trimester weight gain and PI showed a nonsignificant trend
toward being different (P = 0.19), and the evidence for such dif-
ferences was somewhat stronger in pairwise comparisons.

The low numbers of overweight and obese women in this sam-
ple limited our ability to examine interactions of preconception
BMI and weight gain on newborn size outcomes. Such interac-
tions were not identified. Although nonsignificant, a trend was
noted that suggested, among women with lower preconception
weight, an increased effect of first-trimester weight gain on the
weight of their newborns (51 kg preconception weight, 51 g/kg
weight gain; 62 kg preconception weight, 41 g/kg weight gain;
and 79 kg preconception weight, 17 g/kg weight gain.) A similar
but somewhat weaker, nonsignificant trend was observed in the
second trimester. The relation between newborn weight and the
third-trimester weight gain among heavy women (79 kg) sug-
gests that birth weight may decline slightly (�6 g/kg weight
gain) with increasing maternal weight gain. Such trends were not
observed for newborn PI.

Predicted and mean newborn weight and PI by trimester
maternal weight gain are shown in Figure 1. Maternal weight
gains of 0–4 kg in the first trimester and of 4–10 kg in the sec-
ond trimester were strongly and positively related to newborn
weight among the liveborn singleton infants included in the sam-
ple. The slope representing the relation of third-trimester mater-
nal weight gain and newborn weight shows a limited effect.
Slopes representing predicted relations between trimester maternal
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TABLE 1
Sample characteristics of pregnant women (n = 389) and their singleton
newborns of ≥241 d gestation

Characteristic Value

Maternal
White (%) 97
Preconception BMI (kg/m2) 22.5 ± 3.2 (19.2, 26.9)1

Preconception weight (kg) 61.2 ± 9.4 (50.7, 73.2)
Preconception height (m) 1.6 ± 0.1 (1.57, 1.73)
Age at conception (y) 29.4 ± 3.1 (25.3, 33.7)
Parity (no. of live births) 0.5 ± 0.7 (0, 1)
Gravida (%)

1 56
2 29
3 12
4 3

Total pregnancy weight gain (kg) 15.6 ± 4.1 (10.5–21.4)2

First trimester 2.3 ± 2.13

Second trimester 7.0 ± 2.0
Third trimester 6.3 ± 2.4

Newborn
Birth weight (g) 3575 ± 448 (3033–4167)

<2500 (%) 1.0
>4500 (%) 3.1

Ponderal index (kg/m3) 23.5 ± 2.4 (20.7–26.7)
Gestational age (d) 266 ± 9.9 (253–278)
Female (%) 47

Household income (%)
<$30000/y 15
>$50000/y 44

Employed for pay (%) 90
1 x– ± SD; 10th, 90th percentiles in parentheses.
2 x– ± SD; range in parentheses.
3 x– ± SD.

TABLE 2
Final regression models of effects of trimester weight gain on newborn weight and ponderal index (n = 389)1

Birth weight (g) Ponderal index (kg/m3)

Variable b SE P b SE P

Weight gain (kg)
First trimester 31 9 0.0007 0.21 0.06 0.0003
Second trimester 26 10 0.007 0.05 0.06 0.40
Third trimester 7 8 0.40 0.12 0.05 0.03

Gestational age (d) 15 2 0.0001 — 0.01 —
Sex (female) �210 38 0.0001 — 0.24 —
Parity (no. of live births) 171 28 0.0001 0.52 0.18 0.004
Mother’s height (m) 1.7 0.3 0.0005 — 2.0 —
Mother’s age (y) �21 6 0.001 — 0.04 —
Preconception BMI (kg/m2) 21 6 0.0005 0.11 0.04 0.003
Intercept �3045 777 0.0001 13.60 4.99 0.007

1 Sample limited to liveborn singleton infants with gestational age ≥ 241 d at delivery. For birth weight, model F = 21.75, P = 0.0001, and R2 = 0.34.
For ponderal index, model F = 4.32, P = 0.0001, and R2 = 0.10.
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weight gain and newborn PI show predominant effects of first-
trimester gain on PI.

Models testing consistency of results with the use of total
maternal pregnancy weight gain in place of trimester gains iden-
tified the same significant predictors as did the trimester weight-
gain models (data not shown). Each kilogram of total pregnancy
weight gain was related to a 20-g increase in birth weight
(P < 0.0001) and a 0.13-unit increase in PI (P < 0.0001). The
model for effects of total maternal weight gain on newborn
weight was significant (F = 27.27, P < 0.0001, R2 = 0.33), as was
that for PI (F = 5.07, P < 0.0001, R2 = 0.09).

Regression models including categorical variables for weight
change during the first trimester and the other covariates identi-
fied an estimated 211-g lower newborn weight (F = 8.51, P < 0.006)
and a 1.2-unit lower PI (F = 4.20, P < 0.02) among infants born
to women who lost weight (n = 41) than among infants born to
women whose weight gain was above the median (n = 174, first-
trimester weight gain ≥ 2.7 kg). Few women lost weight in the
second or third trimester.

DISCUSSION
The results of this study differ from those of previous reports

in that maternal weight gain occurring primarily in the first and
second trimesters of pregnancy predicted newborn weight.
Maternal weight gain in the first trimester was found in the past
to be unrelated to newborn weight (5, 6, 8), whereas gains in the
second trimester or in both the second and third trimesters have
been related to newborn weight (5–10). This appears to be the
first report of associations between maternal weight gain by
trimester and newborn weight-for-length. Assessed as PI, new-
born weight-for-length was predicted by maternal weight gain in
the first trimester and weakly predicted by that in the third
trimester. Although it is speculative, the fetal weight trajectory
may be influenced by early maternal weight gain in pregnancy
and may be minimally modifiable by late pregnancy weight gain.
Increases in PI in the third trimester without concomitant
increases in length suggest that fetal body fat and lean tissue
mass increased. Because the fetus does not accumulate fat or
much lean tissue in the first trimester, early maternal weight gain
may act to predispose the fetus to differing levels of fat and lean
tissue gain later in gestation.

Differences in results between this and other studies may stem
in part from our use of prospectively measured preconception
weight rather than recalled prepregnancy weight. In a study by
Yu and Nagey (12), women in the first trimester of pregnancy
who were asked to recall their prepregnancy weight underesti-
mated it by an average of 4.3 lb. Others have noted that the dis-
crepancy between actual and recalled weight appears to increase
as weight increases (13). In the current study, women gained an
average of 4.9 lb during the first trimester, about the amount of
the likely underestimation in studies using recalled weight. The
effect of underestimation of preconception weight is an overesti-
mation of subsequent pregnancy weight gain. For example, a
woman who reports weighing 130 lb before pregnancy, but who
actually weighed 134 lb, will be noted to have gained 4 lb more
than she actually did when her weight is first measured during a
prenatal visit. An actual weight loss of 2 lb, therefore, would be
recorded as a 2-lb gain. Errors introduced by misestimation of
prepregnancy weight would obscure effects of first-trimester
weight change on newborn size.

It has often been assumed that pregnancy weight gain among
women with high preconception weight should be postponed
until late in pregnancy. The results of this study indicate, how-
ever, that maternal weight gain in the third trimester does not
affect newborn weight, length, or head circumference, but rather
affects PI. Consequently, postponing weight gain until late in
pregnancy may be of limited benefit for fetal size, and it may
promote postpartum weight retention for the mother. To and
Cheung (14) noted that women who gain weight excessively
after midpregnancy retained more weight, and their pregnancy
weight gain had a more limited effect on birth weight than was
the case in women who gained weight early but did not gain
weight excessively in late pregnancy. In the current study, third-
trimester maternal weight gain did not predict newborn weight,
but it did predict newborn PI. Weight gain in the third trimester
of pregnancy may play a role in preventing the birth of thin new-
borns and potentially decrease the risk later in life of certain
chronic diseases that are associated with thinness at birth.

The lack of relation of trimester maternal weight gain to new-
born length and head circumference seen here may have been
due to the inclusion in this study of healthy, well-educated, and
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FIGURE 1. Predicted and mean newborn weight and ponderal index
by trimester weight gain in 389 pregnant women and newborns with ges-
tational age of ≥ 241 d. Means were calculated within quartiles of weight
gain in each trimester and are adjusted for maternal age, height, BMI,
and parity; infant sex and gestational age; and maternal weight gain in
the other 2 trimesters. In modeling of predicted values, covariates were
held constant at mean value for sample. : first-trimester gain,
predicted; �: first-trimester gain, mean; : second-trimester gain,
predicted; �: second-trimester gain, mean; – – – –: third-trimester gain,
predicted; �, third-trimester gain, mean.
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fairly health-conscious women. Nonetheless, newborn length and
head circumference did appear to be more refractory to effects of
weight change by time in pregnancy than was newborn weight in
this sample.

The results reported here with regard to early weight change
in pregnancy and newborn size outcomes have several impor-
tant implications. They call into question the ability of food or
nutrient supplementation trials beginning after the first
trimester of pregnancy to fully test effects of those supplements
on newborn size outcomes. In addition, the window of opportu-
nity for enhancing fetal growth may be limited by a delay in
prenatal care and the provision of nutrition programs, such as
the Supplemental Food and Nutrition Program for Women,
Infants, and Children, and other nutrition program benefits
after the first trimester.

The results of this research should be interpreted in light of
the study’s limitations. The sample consisted largely of white,
middle-income women with a reliable source of health care. It
is not possible to conclude that the effects observed would be
the same in other groups of women. However, results that repre-
sent biological relations are likely to apply to pregnant women
from various ethnic groups and different socioeconomic strata.
In addition, other potential reasons for reductions in newborn
weight and weight-for-length, such as placental abnormalities
and genetic predispositions toward reduced fetal growth, exist
and are not explored here. Too few women in this study smoked
or had a diagnosis of gestational diabetes or hypertension dur-
ing pregnancy for a confident testing of the effects of those fac-
tors on newborn size outcomes or the relation to pregnancy
weight gain.

Errors in newborn size measures likely resulted from the use of
medical record data. It is unlikely that the measures were system-
atically biased, however. Of the 3 measures, birth weight was
probably the most accurate. Errors in measures would likely atten-
uate the effects somewhat. Changes in women’s weights between
6 mo before conception and conception may also have introduced
error that would modify effects related to early weight change.

These results indicate that several assumptions about relations
between early pregnancy weight change and newborn size out-
comes may not hold up when tested under a prospective study
design. If confirmed in future studies, these results may change

views of the effects of timing of prenatal nutrition and other
exposures on fetal growth and development and, possibly, later
disease risk.
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