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The adverse effects on newborn infants of their mothers'
smoking during pregnancy include decreased birth weight,
length, and head circumference (1, 2). Harrison et al. (3), using
measures of skinfold thickness and arm muscle circumference,
postulated recently that the reduction in birth weight of infants
whose mothers smoke is due primarily to reduction in the LBM
and that the deposition of subcutaneous fat is little affected. This
concurs with others' findings (4, 5). However, in all of these
studies the conclusions were based on indirect measures of body

composition; therefore it was not possible to provide more than
qualitative statements about the kinds of tissues affected.

In order to apply more quantitative methods, in the present
study we measured TBK in infants of smoking and nonsmoking
mothers. As K is found only in the lean tissues of the body, the
measurement of TBK permits quantitative assessment of lean
and fat tissue. Our objectives were (a) to verify the effect of
mothers' smoking on their infants' birth weight; (b) to determine
whether the commonly observed difference in birth weight of
infants of mothers who smoke is due largely to reduced lean
body mass, as has been postulated; (c) to use the TBK measure
ments to estimate the lean body mass and fat mass of infants of
mothers who smoke (I-SM) and of mothers who do not smoke
(I-NSM); and (d) to attempt quantification of the composition
of any tissue deficit in the infants of smoking mothers.

SUBJECTS AND METHODS

We studied singleton, full-term, healthy neonates who were
born in the University of Alberta Hospital during June and July
1985. Subjects were recruited by asking the mothers of newborn
infants whether they were willing to participate in a study of
infant growth. The Hospital's ethics committee approved the
research in detail, and we obtained the mothers' informed con
sent for all procedures. The observer was not blinded with respect
to the infants' groups, and the selection of subjects may have
been biased by self-selection on the part of the participating
parents.

Gestation and birth weight were recorded from the infant's
birth record. In addition to details of the pregnancy (mother's
age, height, reported prepregnant weight, reported weight gain in
pregnancy, parity, gravidity, length of time between pregnancies,
type of delivery, health status during pregnancy), data were
obtained by interview describing the mother's level of education
and the amount of alcohol and drug use. Information about her
smoking habits before and during pregnancy and those of other
members of the household was also obtained. Mothers were
classified as smokers if they smoked regularly any number of
cigarettes before and during the pregnancy and were classified as
nonsmokers if neither they nor other members of the household
smoked. The frequency and amount of smoking also was re
corded, but the subjects were too few for division of the smoker
group into subsets. As the subjects were recruited after birth, no
retrospective information about the mother's diet during preg
nancy was obtained; we believed the validity of such data would
be dubious.

At the time of measurement ofTBK, the infant's study weight
was measured on a Scaletronix pediatric scale, length was deter
mined with a neonatometer, and head circumference was meas
ured with a disposable heavy paper tape. Skinfold measurements
were made at triceps, biceps, subscapular, and suprailiac sites
using Lange skinfold calipers applied with pressure maintained
until the reading became stable (about 20 to 30 s).
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ABSTRACT. It has been suggested that the lower birth
weight of newborn infants of mothers who smoke is due
mainly to a deficit of lean body mass (LBM). We tested
this hypothesis by measuring total body potassium, thus
deriving the LBM and fat mass, of newborn infants of
mothers who smoked (I-SM; n = 32) or did not smoke (1
NSM; n = 46). Mothers who smoked were significantly
younger than nonsmoking ones (25.4 and 28.9 yr, respec
tively) and with less years of education, but were similar
in other parameters examined. The 78 infants, all singleton,
were studied within 1 to 3 days of birth. The I-SM had
significantly reduced birth weight, length, and head circum
ference but there was no difference in skinfold thickness.
We measured total body potassium with a whole-body
counter specially made for use with infants. Mean absolute
total body potassium was significantly greater in the 1
NSM, but the concentration in relation to weight was not
different. Assuming 1 kg LBM to contain 52.1 mmol
potassium, the mean LBM was 3028 g in the I-NSM and
2739 in the I-SM; mean fat mass was similar in both
groups. Multiple regression analysis revealed an independ
ent negative effect of mother's smoking on birth weight
and LBM. This unequal reduction in LBM indicates a
complex effect of smoking, probably mediated by altera
tions in protein synthesis and adipocyte metabolism. It
may relate to the higher morbidity rates in infants of
mothers who smoke. (Pediatr Res 20: 716-719, 1986)

Abbreviations

I-NSM, infants of non smoking mothers
I-SM, infants of mothers who smoked
LBM, lean body mass
TBK, total body potassium
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Table 2. Basic study data ofthe two groups ofinfants (mean ±
SD)

Table 3. Calculated body composition ofI-SM and /-NSM
(mean ± SD)

maternal height, reported prepregnancy weight, weight gain dur
ing the pregnancy, parity, or gravidity. The reported frequency
or amount ofethanol consumption was not significantly different
between groups and nontherapeutic drug use was denied by all
subjects.

Between the two groups of infants, there were statistically
significant differences in mean birth weight, study weight, TBK,
head circumference, and length, the I-SM being less in each
instance, but mean skinfold thickness and TBKjkg were not
significantly different (Table 2). The mean difference in birth
weight was 358 g and in study weight was 295 g, the I-NSM
losing, on the average, almost twice as much as the I-SM.

The calculated lean body mass was significantly less in the I
SM than in the I-NSM, but the fat mass was virtually identical
in the two groups (Table 3). The difference in mean study weights
was 295 g, and whereas the average LBM was 289 g greater in
the I-NSM, the difference in fat was only 6 g.

The variables of gestation, prepregnant weight, the practice of
smoking, the length of time between pregnancies (pregnancy
interval), and mother's age, correlated significantly with birth
weight (Table 4) and were used, together with the infant's sex
(which did not correlate with birth weight but did account for
over I% of the variance in birth weight), in the regression
analysis. The first four variables also correlated significantly with
LBM. As could be expected, gestation correlated most strongly
with birth weight; the mother's smoking correlated nearly as
strongly, but negatively.

I-NSM vs I-SM
P

NS
NS
NS
NS

NS
<0.001
<0.001
<0.05
<0.01

NS
<0.01

NS

<0.001
NS
NS
NS

I-NSM vs I-SM
P

4.5 ± 0.8
4.6 ± 1.0
4.7 ± 0.9
5.2 ± 1.4

I-SM
(n = 32)

39.0 ± 1.9
3181 ±430
50.0 ± 1.8
34.8 ± 1.0
3110±393
61.7 ± 20.6

142.7 ± 20.2
46.1 ± 5.0

4.3 ± 0.9
4.6 ± 1.1
4.8 ± 1.0
5.0 ± 1.1

3405 ± 373 3110 ± 393
3028 ± 366 2739 ± 388
376 ± 256 370 ± 324
89.1 ± 7.3 88.4 ± 9.7
10.9 ± 7.3 11.6 ± 9.7

I-NSM I-SM
(study wt, g) (study wt, g)

LBM (g)
Fat mass (g)
% lean tissue
% fat tissue

I-NSM
(n = 46)

Gestation (wk) 39.6 ± 1.5
Birth wt (g) 3539 ± 388
Length (em) 51.4 ± 1.8
Head circumference (em) 35.4 ± 1.1
Study wt (g) 3405 ± 373
Study age (h) 54.7 ± 26.6
Body potassium (mEq) 157.8 ± 19.0
Body potassium (mEqj 46.4 ± 3.8
kg)
Skinfold measurements

Biceps (mm)
Triceps (mm)
Subscapular (mm)
Suprailiac (mm)

TBK was measured with a whole-body counter specially de
signed and constructed for use with infants (6, 7); we have used
this instrument to measure TBK in more than 150 infants
ranging in weight from 900 to 4500 g. The instrument consists
of a single NaI(Tl) crystal, 10 x 10 x 45 cm, positioned length
ways and shielded from environmental background radiation by
a lead lining 10 em thick. Validation of the machine by compar
ison of whole-body counter estimates of TBK in stillborn pigs
with subsequent carcass analysis has yielded agreement within
3%. Analysis of counting statistics showed a theoretical error of
8.3% in single measurements from infants of the average size
studied, and reproducibility of 4.7% of measurements on se
quential days of infants weighing more than 2500 g.

The instrument was calibrated with Plexiglass phantoms ap
proximating the size and shape of an infant and containing
varying amounts of potassium. For measurement of TBK, the
infant was placed in a chamber above and in full view of the
crystal. The infant was under constant observation and body
heat was maintained by using a heat lamp, I m distant, directed
at the infant. The data were acquired by a I024-channel analyzer,
through a 100-channel "window" with the 1.46 MeV 40K peak
in the center as the 4°K signal. Counts were acquired for 2000 s
and the data transmitted to a microcomputer for storage and
analysis.

LBM was estimated from the TBK measurement, with the
assumption that 1 kg of LBM contains 52.1 mEq of potassium
(8). (This is not a fixed constant; figures ranging from 47 to 58
mEq TBK per 1 kg LBM give the same qualitative results.) Fat
mass was assumed to be the difference between LBM and study
weight.

The data were analyzed using SPSSjPC+. Descriptive statistics
of each parameter were calculated, and intergroup differences
determined with a two-tailed t test. Correlation coefficients were
calculated between birth weight and all variables collected which
had the potential to affect birth weight or LBM. Variables
correlating significantly with birth weight or LBM (p < 0.05) and
which theoretically could influence birth weight were then used
in a multiple regression procedure to determine the degree to
which they accounted for birth weight or LBM. Since, in the
present instance, we were not interested simply in an equation
to predict birth weight from a set of variables but instead wanted
some estimate of the degree to which smoking independently
affected birth weight or LBM, other significant variables were
entered into the equation prior to entering smoking. Variables
were dropped from the equation if they failed to increase the R2

value by more than 1%.

RESULTS

Data were obtained on 78 mother-infant pairs; 46 mothers
had never smoked and 32 mothers smoked regularly before and
during the pregnancy. Ofthe mothers who smoked, 47% smoked
more than half a packet a day; during the pregnancy, 56%
reduced the amount they smoked but only 10% reduced this
smoking by more than half. The mothers who smoked were
significantly younger than nonsmoking mothers, averaging 25.4
and 28.9 yr, respectively (Table 1), and were less educated, with
28.1 and 74.4%, respectively, having over 12 yr of education
(not shown in Table 1). There were no significant differences in

Table I. Basic study data ofthe two groups ofmothers (mean ± SD)

Nonsmoking mothers Smoking mothers Nonsmoking vs smoking
(n = 46) (n = 32) p

Age (yr)
Ht(cm)
Prepregnant wt (kg)
Wt gain (kg)
Parity
Gravidity

28.9 ± 4.6 25.5 ± 4.8 <0.01
164.3 ± 6.2 162.4 ± 7.0 NS
59.3 ± 10.9 59.7 ± 11.6 NS
14.3 ± 4.1 13.8 ± 5.3 NS

1.8 ± 0.8 1.8 ± 1.5 NS
2.1 ± 1.1 2.3 ± 1.9 NS



718 SPADY ET AL.

Table 4. Correlation matrix ofvariables associated significantly with birth wt or LBM

Pregnancy Mother's Prepregnant Maternal Head Skinfold Infant's
LBM Gestation interval smoking wt age Length circumference thickness* sex

Birth wt 0.743t 0.580t 0.205* -OA38t 0.336§ 0.301§ 0.779t 0.661t 0.526t 0.100
LBM OA86t 0.182 -0.356§ 0.212* 0.140 0.579t 0.564t 0.364§ 0.036
Gestation -0.114 -0.189 0.057 -0.001 0.589t 0.396t 0.178 -0.169
Pregnancy interval -0.101 0.219* OA71t 0.034 0.030 0.184 0.002
Mother's smoking 0.021 -0.339§ -0.372t -0.285§ -0.020 -0.034
Prepregnant weight 0.129 0.240* 0.273§ 0.303§ 0.061
Maternal age 0.174 0.233* 0.161 0.259*
Infant's length 0.664t 0.299§ -0.001
Head circumference 0.258* 0.337t
Skinfold thickness* -0.184

*Skinfold thickness refers to the sum of the triceps, biceps, suprailiac, and subscapular skinfolds.
t P < 0.001.
*P< 0.05.
§p < 0.01.

Table 5. Multiple regression analysis

B SE Sign. Partial Multiple R2

Variable (slope) B T T correlation R R2 change

A. Variables accounting for birth wt
Gestation 141 20.25 6.968 0.0000 0.6427 0.5802 0.3366 0.3366
Pregnancy interval 2.75 1.57 1.745 0.0855 0.2056 0.6413 004113 0.0747
Mother's age 3.11 8047 0.367 0.7148 0.0441 0.6739 004541 0.0428
Prepregnant wt 10.11 3.01 3.357 0.0013 0.3747 0.7157 0.5122 0.0581
Infant's sex (F = 0; M = I) 143 69.94 2.044 0.0448 0.2389 0.7272 0.5288 0.0166
Mother's smoking (no = 0; yes = 1) -269 73.69 -3.645 0.0005 -004018 0.7777 0.6049 0.0761
Constant -2896 839 -30450 0.0010

B. Variables accounting for LBM
Gestation 105 22.72 4.633 0.0000 004818 004864 0.2366 0.2366
Pregnancy interval 2.87 1.61 1.779 0.0796 0.2065 0.5422 0.2940 0.0574
Prepregnant wt 5042 3042 1.586 0.1172 0.1849 0.5584 0.3118 0.0178
Mother's smoking (no = 0; yes = I) -204 76.97 -2.660 0.0097 -0.3010 0.6117 0.3742 0.0624

(no = 0; yes = I)
Constant -1310 913 -10435 0.1555

Multiple regression analysis, with the variables entered in the
following order: (a) gestation, (b) pregnancy interval, (c) mother's
age, (d) prepregnant weight, (e) infant's sex, and (f) smoking
habit, was able to account for a total of60.5% of the variance in
birth weight. Smoking by the mother independently accounted
for 7.6% of the variance in birth weight and had the direct effect
of reducing birth weight by 269 g. Prepregnant weight, pregnancy
interval, and mother's age together accounted for 17.6%, the
infant's sex accounted for 1.7%, and gestation accounted for
33.7% (Table 5).

Other variables, such as length or head circumference, while
highly correlated with birth weight (Table 4), were not used in
the regression analysis because they did not contribute to the
causal analysis of factors and in fact would be affected by the
same variables as affected birth weight; as seen also with birth
weight, length and head circumference were strongly and nega
tively associated with smoking. The years of education of the
mother was an antecedent variable which also correlated signif
icantly with birth weight (not in Table 4), but, since it could not
directly influence birth weight, it was not entered into the regres
sion analysis.

Regression analysis was used also to determine the degree to
which the variance in LBM could be accounted for (Table 5).
Gestation, pregnancy interval, prepregnant weight, and mother's
smoking were the only measured variables which significantly
accounted for variance in LBM. The amount of variance ex
plained was less, being only 37.4%; mother's smoking accounted
for 6.24% and had the direct effect of reducing LBM by 204 g;

prepregnant weight and pregnancy interval together accounted
for 7.5% and gestation accounted for 23.7%.

DISCUSSION

The data presented herein agree with the findings of others (1,
2) that smoking during pregnancy is a significant factor affecting
birth weight. Other factors also play a role; however, in the
regression analysis data, smoking is the only measured variable
negatively affecting birth weight. This analysis showed that smok
ing accounted for 7.6% of the variance in birth weight and had
the direct effect of reducing birth weight by an average of 269 g
(Table 5); the difference between this value and the observed
difference in birth weight of 358 g between the groups reflects
the indirect effects of smoking on birth weight, i.e. by affecting
the other variables in the equation.

Other variables measured which potentially influence birth
weight and LBM, such as weight gain in pregnancy and reported
alcohol consumption, were not significant factors in this study,
presumably because there were too few subjects for analysis or
because only minor differences in these variables existed between
the mothers. While not specifically examined in this study,
socioeconomic status and amount of prenatal care received by
the mothers are probably not significant factors influencing birth
weight, because in Alberta, which has a system of Medicare,
access to health care is universal.

Other workers (3-5) have demonstrated no effect ofa mother's
smoking during pregnancy on the skinfold thickness of her
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newborn infant, and Harrison et al. (3) postulated that it chiefly
affects the lean tissue. Our present data are similar to those
reported by the above workers in that we also could demonstrate
no difference in mean skinfold thickness of the two study groups
and no correlation between smoking and skinfold thickness;
however, the availability of TBK data permitted us to quantify
intergroup differences in body composition.

The striking effect of the mothers' smoking was on the body
composition of their infants; the weight deficit was not propor
tional, being preferentially in lean tissue. This suggests that it is
not nutrition per se that influences birth weight. It may be an
adaptive response by the body to the effects of nicotine, as has
been suggested by others, a conclusion that is consistent with our
finding of no difference in the mothers' height, reported prepreg
nancy weight, or weight gain during pregnancy.

As lean tissue appears to be the most affected, the main effect
appears to be impairment in protein synthesis. Hypoxia, second
ary to vasoconstriction and impaired placental function, is a
commonly suggested pathway for the effects of smoking on fetal
growth (I, 2, 9). Smoking reduces protein synthesis in vivo and
in vitro (10) and may also lead to lipid accumulation in cells
(11). Alternatively, or perhaps as well, deficiency of folic acid in
the mother who smokes may be responsible. Folic acid is neces
sary to the synthesis of protein, and deficiency of this vitamin is
common during pregnancy (12) and is more pronounced in
smokers (13).

Although LBM may be directly affected by smoking, another
coexisting mechanism may also act to promote lipogenesis or
inhibit lipolysis. Increased activity of lipoprotein lipase, a key
enzyme in the uptake and storage of fatty acids by adipocytes,
has been postulated to explain the weight gain observed in some
individuals after cessation of cigarette smoking (14, 15). The
mechanism whereby smoking affects this enzyme is uncertain
but the end result appears to be a adaptation whereby smokers
maintain their adipose tissue mass. This might explain the main
tenance ofthe fat mass in the infants ofsmoking mothers. Altered
lipoprotein lipase metabolism is unlikely to be the only mech
anism by which smoking affects growth, however, if it were, the
end result should be only an increase in fat mass and not a
decrease in birth weight and in LBM, both phenomena well
documented herein.

Most likely the true mechanism is a composite of those dis
cussed above plus others not yet recognized. However, we believe
that the data presented herein provide new clues to the manner
in which a mother's smoking affects the growth and well-being
of her fetus.
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