Effect of Passive Smoking in Pregnancy on Neonatal Nucleated Red
Blood Cells
Shaul Dollberg, MD*; Ofer Fainaru, MD‡; Francis B. Mimouni, MD*; Michael Shenhav, MD‡;
Joseph B. Lessing, MD‡; and Michael Kupferminc, MD‡
ABSTRACT. Objective. We evaluated whether the absolute nucleated red blood cell (RBC) count is elevated in
term, appropriate for gestational age (AGA) infants born
to women exposed to passive smoking in pregnancy.
Patients and Methods. We compared absolute nucleated RBC counts taken during the first 12 hours of life in
2 groups of term, vaginally delivered infants, 1 group
born to mothers who were routinely exposed to tobacco
smoke during pregnancy (n ⴝ 55) either at home or at the
workplace, and the other to mothers who were not routinely exposed to any tobacco smoke (n ⴝ 31). We excluded infants of women with conditions known to elevate nucleated RBC counts.
Results. There were no differences between groups
in birth weight, maternal age, gravidity, parity, maternal
analgesia during labor, 1- and 5-minute Apgar scores.
Gestational age was minimally higher in the control
group (39.6 ⴞ 1.1 vs 39.2 ⴞ .8 weeks). The median absolute nucleated RBC count in the passive smoking group
was 357 ⴛ 106/L (range: 0 –5091 ⴛ 106/L) versus 237 ⴛ
106/L (range: 0 –1733 ⴛ 106/L) in nonsmoking controls.
Stepwise regression analysis that included Apgar scores,
gestational age, and the passive smoking status (yes/no)
as independent variables showed significant correlation
of absolute nucleated RBC count only with the passive
smoking status.
Conclusion. At birth, term AGA infants born to mothers exposed to passive smoking have increased circulating absolute nucleated RBC counts compared with those
of controls. We speculate that passive smoking in pregnancy should be avoided, because it may have subtle
negative effects on fetal oxygenation. Pediatrics 2000;
106(3). URL: http://www.pediatrics.org/cgi/content/full/
106/3/e34; tobacco, passive smoking, term infants, nucleated red blood cells.
ABBREVIATIONS. RBC, red blood cell; AGA, appropriate for
gestational age; WBC, white blood cell; SGA, small for gestational
age.

C

igarette smoking during pregnancy is a
known risk factor for adverse outcome in the
human fetus and infant; there is a warning on
cigarette packs by the US Surgeon General against
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the effects of smoking during pregnancy. Specifically, maternal smoking significantly increases the
risks of spontaneous abortion and of preterm or low
birth weight delivery.1 It is capable of causing fetal
growth restriction in the third trimester,2 and is associated with increased neonatal morbidity, such as
neonatal asphyxia,3 intraventricular hemorrhage,4
reduced lung function, and increased incidence of
perinatal death3 as well as sudden infant death syndrome.5 Maternal cigarette smoking during pregnancy also increases the risk of neurodevelopmental
impairment during later childhood.6 Although the
mechanism of fetal injury seems to involve many
factors, it is likely that chronic fetal hypoxia affects
the process. We recently demonstrated that a marker
of fetal hypoxia, the absolute number of circulating
nucleated red blood cells (RBCs), measured at birth,
is increased in infants of smoking mothers.7 The aim
of this study was to demonstrate whether maternal
passive exposure to tobacco smoke during the last
trimester of pregnancy is also capable of elevating
the absolute number of circulating nucleated RBCs
measured at birth.
METHODS
We prospectively studied 2 groups of consecutively born term
infants (38 – 41 weeks of gestation by last menstrual period, confirmed by early ultrasound), appropriate for gestational age
(AGA) by the intrauterine growth charts of Lubchenco et al,8 who
were born vaginally at the Lis Maternity Hospital, Tel Aviv
Sourasky Medical Center between January 1, 1998 and March 31,
1998. Group 1 consisted of 55 infants of nonsmoking mothers who
were exposed to passive smoking in pregnancy (27 at home, 24 at
the workplace, and 4 at both locations) and group 2, of 31 infants
of nonsmokers, not exposed to passive smoking. The mothers
themselves reported being routinely exposed to tobacco smoke
during the third trimester of pregnancy. We defined routine exposure as that resulting from a husband (or live-in partner) who
smoked at home in the same room(s) on a daily basis, or from
exposure at the workplace to other smoking employees, also on a
daily basis (except weekends). To control for potential confounders that may be associated with a change in the nucleated RBC
count, we excluded infants born to women with gestational or
insulin-dependent diabetes9; pregnancy-induced hypertension10;
placental abruption or placenta previa11; any maternal heart, kidney, lung, or other chronic condition; drug or alcohol abuse12;
perinatal infections (eg, fever, leukocytosis, signs of chorioamnionitis)13; abnormal electronic intrapartum monitoring11; or infants
with low Apgar scores (⬍8 at 1or 5 minutes).14 We also excluded
infants with perinatal blood loss or hemolysis (blood group incompatibility with a positive Coombs’ test or hematocrit ⬍45%)15
or chromosomal anomalies.16
Venous blood samples for complete blood cell counts were
collected from the infant within 12 hours of birth and analyzed
according to laboratory routine using an STK-S counter (Coulter
Corporation, Hialeah, FL). Differential cell counts were performed
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manually and nucleated RBC counts were expressed per 100 white
blood cells (WBC). We calculated the number of nucleated RBCs
as an absolute number rather than per 100 leukocytes, and the
WBC count was expressed as corrected for the presence of nucleated RBCs. Indeed, we showed previously that leukocyte counts
and absolute nucleated RBC numbers are dependent.9 Thus, traditional expression of nucleated RBCs as their number per 100
WBCs might introduce a significant bias.9
Data are reported as mean ⫾ standard deviation or median
(range). Statistical analysis included Kruskal-Wallis test attributable to nonnormal distribution of absolute nucleated RBCs and
backward stepwise regression analysis. P ⬍ .05 was considered
significant.

RESULTS

There were no significant differences between
groups in terms of birth weight, gender, maternal
age, maternal gravidity or parity, epidural analgesia
during labor, and 1- and 5-minute Apgar scores (Table 1). However, gestational age in the smoking
group was slightly (by ⬍1 week average), but significantly higher than in the control group (P ⫽ .0457).
The absolute nucleated RBC count was significantly
higher in the passive smoking group than in the
control group. There were no significant differences
in WBC counts, platelet counts, RBC counts, hematocrit levels, or lymphocyte counts. Backward stepwise regression analysis using gestational age, Apgar
scores, and passive smoking as independent variables, and absolute nucleated RBC counts as the
dependent variable was performed. The only variable that remained significantly correlated with the
absolute nucleated RBC count was the presence or
absence of passive smoking (R2 ⫽ .06; P ⫽ .02).
DISCUSSION

We found that fetal exposure to passive maternal
smoking significantly correlates with increased nucleated RBC numbers in term AGA infants. We and
others had previously showed that small for gestational age (SGA) and AGA infants of smoking mothTABLE 1.

Demographic and Hematologic Characteristics†

Characteristic

Controls
n ⫽ 31

Passive Smokers
n ⫽ 55

Birth weight (g)
Gestational age (wk)
Gender (males:females)
Maternal age (y)
Gravidity
Parity
Epidural analgesia during
labor
1-min Apgar score
5-min Apgar score
Hematocrit
RBCs (⫻ 109/L)
White blood cells (corrected)
(⫻ 109/L)
Platelets (⫻ 109/L)
Absolute lymphocyte count
(⫻ 109/L)
Absolute nucleated
RBCs ⫻ 106/L

3347 ⫾ 508
39.1 ⫾ .8
14:17
30.2 ⫾ 5.0
2.2 ⫾ 1.3
1.7 ⫾ .9
22 (71)

3400 ⫾ 393
39.6 ⫾ 1.1*
28:27
28.9 ⫾ 4.9
2.2 ⫾ 1.6
2.0 ⫾ .9
46 (84)

9 (9–10)
10 (9–10)
.64 ⫾ .07
30.4 ⫾ .6
19.8 ⫾ 7.4

9 (8–10)
10 (9–10)
.65 ⫾ .08
30.0 ⫾ .8
19.8 ⫾ 6.0

244 ⫾ 70
6.7 ⫾ 1.6

267 ⫾ 67
6.8 ⫾ 8.5

237 (0–1700)

357 (0–5100)**

* P ⫽ .046.
** P ⫽ .02. No other differences were statistically significant.
† All data expressed as mean ⫾ 1 standard deviation or n (percent), except Apgar scores and absolute nucleated RBCs, which
are expressed as median (range).
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ers had increased numbers of absolute nucleated
RBCs, compared with appropriate controls, in a
dose–response relationship.8,17 The present study is
the first to assess the effects of passive maternal
smoking on the neonatal nucleated RBC count. We
believe that our study shows that maternal passive
smoking is an independent risk factor for increased
newborn absolute nucleated RBC counts, because we
carefully excluded situations that may influence the
nucleated RBC count, such as intrauterine growth
restriction,18 preterm labor with histologic placental
signs of chorioamnionitis,19 hemolysis, chromosomal
anomalies, maternal diabetes,9,20 and potential neurologic insults.21,22 There was a slight difference (⬍1
week average) in gestational age between the 2
groups; we do not believe this difference affected the
results, because the difference in gestational age was
minimal, all infants were term, and the effect of
gestational age on the nucleated RBC count was insignificant in stepwise regression analysis. Moreover, because nucleated RBC counts decrease with
advancing gestational age until term,23 the difference
in gestational age between the 2 groups may have
only decreased the significance of the difference in
nucleated RBC counts.
We believe that our data, similar to our previous
work in smoking mothers,16 provide evidence that
during tobacco smoke exposure in pregnancy, the
absence of growth restriction should not be interpreted as evidence of normal fetal oxygenation. Similarly, Varvarigou et al24 found increased cord blood
erythropoietin concentrations in AGA infants born to
smoking mothers. Although increased erythropoietin was not seen in all infants born to smoking mothers, the authors concluded that “1 of 5 fetuses who
are exposed to tobacco smoke are in a state of chronic
hypoxia.”24
The mechanism by which maternal smoking increases circulating neonatal absolute nucleated RBC
counts is unknown. A likely explanation is relative
fetal hypoxia, but the mechanisms that may be involved are multiple. In theory, there may be nicotineinduced placental vasoconstriction,25 decreased fetal
tissue oxygenation attributable to production of fetal
carboxyhemoglobin, and placental vascular disease.26 Other indicators of fetal hypoxia during
maternal smoking include fetal growth restriction,2
increased risk of spontaneous abortion,1 and neurodevelopmental anomalies1 that occur more frequently among infants of smoking mothers.
In this study as in our previous one, the mean
hematocrit of infants of smoking mothers did not
differ significantly from that of nonsmokers. We had
speculated that it might be attributable to the fact
that we had excluded infants who might have been
exposed to the most severe hypoxia, such as SGA
infants, those born after abnormal electronic intrapartum monitoring, and those with low Apgar
scores. In those more severe cases, prolonged or significant hypoxia might sufficiently stimulate bone
marrow to cause a rise in hematocrit. Alternatively,
one could postulate that exposure to cigarette smoke
might increase turnover in utero. We must recognize
some potential limitations of our study. First, be-
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cause smoking exposure history was obtained only
from the mother of each infant, we cannot rule out
some underreporting of smoking habits. We did not
perform measurements of cotinine,27 a biological
marker of smoking, because we were only interested
in long-term passive exposure to tobacco smoke.
Based on our previous study of infants of smoking
mothers, there was a correlation between number of
cigarettes smoked and the nucleated RBC counts.7 If
we make the assumption that passive smoking affects nucleated RBC in a manner similar to active
smoking, then the average fetus was exposed
through his mother to the equivalent of ⬃6 cigarettes
per day.7 A second limitation of our study is that we
cannot exclude the possibility that some infants in
the control group were exposed to nicotine or to
other sources of tobacco smoke or carbon monoxide.
Despite these limitations, the absolute nucleated RBC
count of infants exposed to maternal passive smoking was significantly higher than that of nonexposed
controls. We believe that our data give further support for health care providers to counsel mothers to
not expose themselves to passive smoking in pregnancy and to insist on strict enforcement of smoking
regulations at the workplace.

9.
10.

11.

12.

13.

14.
15.

16.
17.

18.

19.

REFERENCES
1. Windham GC, Swan SH, Fenster L. Parental cigarette smoking and the
risk of spontaneous abortion. Am J Epidemiol. 1992;135:1394 –1403
2. Lieberman E, Gremy I, Lang JM, Cohen AP. Low birth weight at term
and the timing of fetal exposure to maternal smoking. Am J Public
Health. 1994;84:1127–1131
3. Wright LL, Catz CS. Drug distribution during fetal life. In: Polin RA,
Fox WW. Fetal and Neonatal Physiology. 2nd ed. Philadelphia, PA: WB
Saunders Co; 1998:169 –175
4. Spinillo A, Ometto A, Stronati M, Piazzi G, Iasci A, Rondini G. Epidemiologic association between maternal smoking during pregnancy and
intracranial hemorrhage in preterm infants. J Pediatr. 199l;127:472– 478
5. Hoffman HJ, Damus K, Hillman L, Krongrad E. Risk factor for SIDS:
results of the National Institute of Child Health and Human Development Cooperative Epidemiological Study. Ann N Y Acad Sci. 1988;533:
13–30
6. Olds DL, Henderson CR, Tatelbaum R. Intellectual impairment in children of women who smoke cigarettes during pregnancy. Pediatrics.
1994;93:221–227
7. Yeruhimovich M, Dollberg S, Green DW, Mimouni FB. Nucleated red
blood cells in term appropriate for gestational age infants of smoking
mothers. Obstet Gynecol. 1999;93:403– 406
8. Lubchenco LO, Hansman C, Dressler M, Boyd E. Intrauterine growth as

20.

21.
22.
23.

24.

25.

26.

27.

estimated from live-born birth weight data at 24 to 42 weeks gestation.
Pediatrics. 1963;32:793–799
Green DW, Mimouni F. Nucleated erythrocytes in healthy infants and
in infants of diabetic mothers. J Pediatr. 1990;116:129 –131
Sinha HB, Mukherjee AK, Bala D. Cord blood haemoglobin (including
foetal haemoglobin), and nucleated red cells in normal and toxaemic
pregnancies. Indian Pediatr. 1972;9:5490 –5493
Korst LM, Phelan JP, Ahn MO, Martin GI. Nucleated red blood cells: an
update on the marker for fetal asphyxia. Am J Obstet Gynecol. 1996;175:
843– 846
Halmesmaki E, Teramo KA, Widness JA, Clemons GK, Ylikorkala O.
Maternal alcohol abuse is associated with elevated fetal erythropoietin
levels. Obstet Gynecol. 1990;76:219 –222
Leikin E, Garry D, Visintainer P, Verma U, Tejani N. Correlation of
neonatal nucleated red blood cell counts in preterm infants with histologic chorioamnionitis. Am J Obstet Gynecol. 1997;177:27–30
Hanlon-Lundberg KM, Kirby RS. Nucleated red blood cells as a marker
of acidemia in term neonates. Am J Obstet Gynecol. 1999;181:196 –201
Thomas RM, Canning CE, Cotes PM, et al. Erythropoietin and cord
blood haemoglobin in the regulation of human fetal erythropoiesis. Br J
Obstet Gynaecol. 1983;90:795– 800
Oski FA, Naiman JL. Hematologic Problems in the Newborn. 2nd ed.
Philadelphia, PA: WB Saunders Co; 1972:15–17
Meberg A, Halvorsen S, Orstavik I. Transient thrombocytopenia in
small-for-date infants possibly related to maternal smoking. Lancet.
1977;2:303–304
Baschat AA, Gembruch U, Reiss I, Gortner L, Harman CR, Weiner CP.
Neonatal nucleated red blood cell counts in growth-restricted fetuses:
relationship to arterial and venous Doppler studies. Am J Obstet Gynecol.
1999;181:190 –195
Leikin E, Garry D, Visintainer P, Verma U, Tejani N. Correlation of
neonatal nucleated red blood cell counts in preterm infants with histologic chorioamnionitis. Am J Obstet Gynecol. 1997;177:27–30
Mimouni F, Miodovnik M, Siddiqi TA, Butler JB, Holroyde J, Tsang RC.
Neonatal polycythemia in infants of insulin-dependent diabetic mothers. Obstet Gynecol. 1986;68:370 –372
Green DW, Hendon B, Mimouni F. Nucleated erythrocytes and intraventricular hemorrhage in preterm neonates. Pediatrics. 1995;96:475– 478
Naeye RL, Localio R. Determining the time before birth when ischemia
and hypoxemia initiated cerebral palsy. Obstet Gynecol. 1995;86:713–719
Phillips AGS, Tito AM. Increased nucleated red blood cell counts in
small for gestational age infants with very low birth weight. Am J Dis
Child. 1989;143:164 –169
Varvarigou A, Beratis NG, Makri M, Vagenakis AG. Increased levels
and positive correlation between erythropoietin and hemoglobin concentrations in newborn children and mothers who are smokers. J Pediatr. 1994;124:480 – 482
Morrow RJ, Ritchie JW, Bull SB. Maternal cigarette smoking: the effects
on umbilical and uterine blood flow velocity. Am J Obstet Gynecol.
1988;159:1069 –1071
Gupta I, Hillier VF, Edwards JM. Multiple vascular profiles in the
umbilical cord; an indication of maternal smoking habits and intrauterine distress. Placenta. 1993;14:117–123
Boyle P. The hazards of passive- and active-smoking. N Engl J Med.
1993;328:1708 –1709

http://www.pediatrics.org/cgi/content/full/106/3/e34
Downloaded from www.aappublications.org/news
by guest on October 21, 2019

3 of 3

Effect of Passive Smoking in Pregnancy on Neonatal Nucleated Red Blood Cells
Shaul Dollberg, Ofer Fainaru, Francis B. Mimouni, Michael Shenhav, Joseph B.
Lessing and Michael Kupferminc
Pediatrics 2000;106;e34
DOI: 10.1542/peds.106.3.e34

Updated Information &
Services

including high resolution figures, can be found at:
http://pediatrics.aappublications.org/content/106/3/e34

References

This article cites 24 articles, 3 of which you can access for free at:
http://pediatrics.aappublications.org/content/106/3/e34#BIBL

Subspecialty Collections

This article, along with others on similar topics, appears in the
following collection(s):
Environmental Health
http://www.aappublications.org/cgi/collection/environmental_health_
sub
Hematology/Oncology
http://www.aappublications.org/cgi/collection/hematology:oncology_
sub

Permissions & Licensing

Information about reproducing this article in parts (figures, tables) or
in its entirety can be found online at:
http://www.aappublications.org/site/misc/Permissions.xhtml

Reprints

Information about ordering reprints can be found online:
http://www.aappublications.org/site/misc/reprints.xhtml

Downloaded from www.aappublications.org/news by guest on October 21, 2019

Effect of Passive Smoking in Pregnancy on Neonatal Nucleated Red Blood Cells
Shaul Dollberg, Ofer Fainaru, Francis B. Mimouni, Michael Shenhav, Joseph B.
Lessing and Michael Kupferminc
Pediatrics 2000;106;e34
DOI: 10.1542/peds.106.3.e34

The online version of this article, along with updated information and services, is
located on the World Wide Web at:
http://pediatrics.aappublications.org/content/106/3/e34

Pediatrics is the official journal of the American Academy of Pediatrics. A monthly publication, it
has been published continuously since 1948. Pediatrics is owned, published, and trademarked by
the American Academy of Pediatrics, 141 Northwest Point Boulevard, Elk Grove Village, Illinois,
60007. Copyright © 2000 by the American Academy of Pediatrics. All rights reserved. Print ISSN:
1073-0397.

Downloaded from www.aappublications.org/news by guest on October 21, 2019

