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Deleterious effects of smoking during 
pregnancy: studies on blood oxygen affinity

P  T e m e s v á r i ,*  D  B o d a ,*  L K e c s k e m é t i , * *  E r n a  Е с к , *  E m ő k e  E n d r e f f y *

D epartm en ts o f Paediatrics* an d  O bste trics and Gynaecology**,
U niversity  Medical School, Szeged, H ungary

16 m others smoking 1— 40 cigarettes daily during p regnancy  and 
th e ir  in fan ts were studied a t  delivery  com pared to  13 non-sm oking controls. 
The in fan ts o f smoking m others h a d  significantly decreased w eight and 
length  a t  b ir th  com pared to  the  in fan ts  o f non-smokers. In  th e  sm oker group 
the  th iocyana te  level in m aternal venous and  newborn cord b lood sera was 
significantly  higher th an  in th e  non-sm okers. The standard  blood oxygen 
affin ity  o f cord blood was significantly  increased in the sm okers’ group and 
was positively  correlated to  th e  th io cy an a te  level in cord blood. A t th e  age 
o f th ree  a n d  five days there were no  differences in the new borns’ capillary 
blood s ta n d a rd  oxygen affin ity  betw een  the  two groups. The deleterious 
effect o f m aterna l smoking on th e  fe tu s  and  newborn is discussed.

The harmful effects of smoking 
during pregnancy on the feto-placen- 
tal unit is now generally accepted. Of 
the many possible deleterious effects 
we have studied the influence on blood 
oxygen affinity (st.P50 value) in both 
the mother and the newborn, together 
with other clinical and laboratory 
measurements. Our motives for exa
mining this parameter were based on 
our previous work [26] and other re
ports in the literature [2, 7, 20, 27].

M a t e r ia l  and  Me t h o d s

29 pregnant women, 16 sm okers and 
13 non-sm okers and the ir new borns were 
investiga ted  a t  delivery, betw een April 
a n d  Novem ber, 1982. A fter ob ta in ing  the 
h is to ry  an d  informed consent, th e  follow
ing  clinical and laboratory  d a ta  were 
exam ined .

Clinical data: gestational tim e, daily 
c ig are tte  consumption, body w eight and 
le n g th  o f newborn, length  o f  umbilical 
cord , 1 m inute Apgar score.

Laboratory data: from m aterna l venous 
b lood  obtained a t the end o f delivery  the 
following param eters were exam ined: blood 
s t. P 60 value, 2,3-diphosphoglycerate (2,3-

Abbreviatione

s t.P s(1 value =  p 0 2 value o f 0 2 ha lf sa tu ra ted  b lood a t  37 °C, pH  7.40, an d  p C 0 2 of 
6.33 kP a;
2,3-DPG =  2,3-diphosphoglycerate; 
hb  - haem oglobin; 
h tc  =  haem atocrit
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D PG ) a n d  haemoglobin (hb) con ten ts , 
h a e m a to c r it (htc) value and th e  co n cen tra 
tio n  o f  s e ru m  thiocyanate. An a r te r ia l cord 
b lood sam p le  was obtained p rio r to  th e  
f irs t b r e a th  o f  th e  newborn to  ev a lu a te  the  
ac id -base  a n d  blood gas sta tu s  (pH , H C 0 3, 
p C 0 2, p 0 2). M ixed cord blood w as sam pled 
fo r m e asu rin g  blood st. P 50 value, 2,3-DPG 
a n d  h b  co n ten ts , the h tc  value a n d  th e  
se rum  th io c y an a te  concentration. A fter 
3 a n d  5 d a y s  o f life a  capillary sam ple was 
o b ta in e d  from  th e  newborn and  th e  blood 
p H  a n d  s t .  P 50 values were determ ined .

B lood  gases, acid-base s ta tu s , h b  and  
h tc  w ere  m easured  using s ta n d a rd  labo ra
to ry  m e th o d s . The st. P 50 value w as d e 
te rm in e d  b y  our own technique [1], serum  
th io c y a n a te  concentration photom etrica lly  
[21], a n d  th e  whole blood 2,3-D PG  con
c e n tra tio n  enzym atically  (SIGMA 666).

S ta tis tic a l calculations were perform ed 
w ith  S tu d e n t’s unpaired i-test a n d  b y  cor
re la tio n  ana lysis  by  means of a  com puter 
p ro g ram m e.

R e s u l t s

Clinical data are presented in Table 
I. The number of cigarettes consumed 
daily varied widely. All newborns 
from the smokers’ group were born 
between the 37—41 weeks of gestation

without active medical intervention. 
The infants of the smokers had a 
lower body weight and length at 
birth while the 1 minute Apgar score 
and the umbilical cord length did 
not show any statistical difference 
between the smoker and non-smoker 
groups.

The results of laboratory tests are 
shown in Table II and the Figures. 
Maternal serum thiocyanate concen
tration at the end of delivery was sig
nificantly higher in the smokers. Htc 
and hb in mixed cord blood did not 
show any difference between the two 
groups, the smoker group had a 
slightly lower value for 2,3-DPG than 
did the non-smokers. In the smoker 
group the st.P50 value was signifi
cantly lower and thes erum thiocya
nate level higher than in the non- 
smokers. A close correlation could be 
shown in the thiocyanate contents of 
the mothers’ and of the mixed cord 
blood sera (r =  0.918, t =  9.274, p  <

T a b l e  I

Clinical data  of sm oking a n d  non-smoking m o thers and  the ir newborns

Smokers Non-smokers

n range mean ±  SD n range mean ±  SD

Daily cigarette 
consum ption 16 2 - 4 0 9.06 ±  8.8 13 _ _

Time of gestation,
weeks 16 3 7 -4 1 39.1 ±  1.4 13 37-41 39.4 ±  1.1

B irth  weight, g 16 1900-4150* *** 2825 ±  650 13 3150-4370 3555 ±  350
B irth  length, cm 16 43-53*** 47.6 ±  3.5 13 48 -5 4 50.8 ±  1.7
Length of umbilical

cord, cm 10 5 1 -7 1 56.7 ±  6.1 8 40 -65 52.1 ±  8.7
1 min Apgar score 16 7 - 1 0 9.1 ±  1.2 13 7 -1 0 9.8 ±  0.8

n  =  num ber of cases
*** Difference between sm okers and non-sm okers p  <  0.01
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Ta b l e  I I

L abo rato ry  d a ta  o f smoking and  non-sm oking m others and the ir new borns

Smokers Non-smokers

n range mean ±  SD n range mean ±  SD

Maternal venous blood
st.P ,0 kPa 10 2.83-5.1 3.8 ±  0.6 8 3.08-4.57 3.8 ±  0.5
2.3-DPG mmol/1 10 1.3-2.8 2.0 ±  0.4 8 1.7-2.15 1.95 ±  0.2
htc, percent 10 36 -4 5 40.8 ±  3.2 8 37 -43 39.9 ±  2.0
hb/fe, mmol/1 10 6 .3-8 .2 7.6 ±  0.6 8 6.6 10.0 7.6 ±  1.05
thiocyanate, pm ol/l 10 6-272* 117 ±  97 8 8 -6 4 34.5 ±  16.4

Mixed cord blood
st.P60 kPa 16 2.0 —3.7** 2.66 ±  0.4 13 2.65 3.65 3.0 ±  0.3
2.3-DPG mmol/1 10 1.2-2.65 2.1 ±  0.6 8 2.2 2.7 2.4 ±  0.2
htc, percent 10 38-68 49.6 ±  6.2 8 46 -6 0 50.8 ±  4.3
hb/fe, mmol/1 10 7.8-10.8 9.1 ±  1.0 8 7.8-11.2 9.3 +  1.2
thiocyanate, //riiol/l 10 6-300** 134 ±  94 8 8 -7 1 39.5 ±  20.0

Newborn capillary blood 
3rd day
st.P50 kPa 10 2.3-3.26 2.7 ±  0.3 8 2.4 3.0 2.8 ±  0.3
pH 10 7.28 7.48 7 .3 4 + 0 .0 7 8 7.27-7.42 7.35 ±  0.06
6th day
st.P60 kPa 10 2.0 —2.9 2.5 ±  0.3 8 2 .2 -3 .0 2.7 ±  0.4
pH 10 7.28-7.41 7.33 ±  0.05 8 7.23-7.48 7.33 ±  0.1

Arterial cord blood
p 0 2 kPa 10 2 .0 -4 .4 3.3 ±  1.1 8 2.4-4 .1 3.3 ±  0.6
pH 10 7.12 7.33 7.20 ±  0.07 8 7.11-7.32 7.20 ±  0.07
HCOg/mmol/1 10 13.2-16.8 14.8 ±  1.2 8 12-17.2 14.0 ±  2.2
pC02 kPa 10 3.3 —7.2 5.1 ±  1.3 8 © 1 a> 4.6 ±  0.5

n  =  num ber o f cases
Difference betw een sm oker and non-sm oker group 

* p  <  0.06 
** p  <  0.02

0.01). Similarly, a close correlation 
was shown between the daily ciga
rette consumption and the thiocya
nate content of mixed cord blood sera 
(Pig. 1). There was a direct relation
ship between the thiocyanate concen
tration and the st.P50 value in mixed 
cord blood (Fig. 2), while a similar 
connection could not be shown be
tween the cord thiocyanate level and 
2,3-DPG content (r =  0.256, t =  1.06, 
ns.). After 3 and 5 days, the st.P50 
value in capillary blood of newborns

no longer indicated a significant dif
ference between the two groups. Like
wise, no difference was recorded in 
the blood gas and acid-base status of 
arterial cord blood obtained at birth 
and the newborns’ capillary blood 
sampled after 3 and 5 days.

D isc u ssio n

The most harmful effect of mater
nal smoking on the fetus is a chronic
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F ig . 1. Cigarette consum ption and  th io cy an a te  level in cord blood

Umbilical cord blood serum  th iocyanate  
(p m o l/l)

F ig . 2. Correlation betw een cord  blood th iocyanate  level and blood oxygen affin ity

intrauterine hypoxia [10, 24], in
which blood oxygen affinity changes 
play an important role. The results 
are both intrauterine (e.g. somatic 
retardation) and extrauterine (e.g. 
disturbed adaptation). Among the 
effects of cigarette smoke, earlier 
those of carbon monoxide on hb 
were stressed, with an increase in 
blood oxygen affinity in both fetal 
[4, 10] and adult blood [6, 8, 19, 23]. 
The role of thiocyanate with its 7-day 
half-life has also been shown to be

important [18] and as its metabolism 
involves hb [3], so we examined the 
blood oxygen affinity and thiocya
nate level of smoking mothers and 
their newborns.

The low birthweight of newborns 
of smoking mothers was noteworthy 
[7, 12, 16], but we could not find any 
effect of smoking on the length of the 
umbilical cord [15] nor an increase in 
maternal blood oxygen affinity, which 
other authors have reported [19, 23]; 
the latter was perhaps explained by
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the absence of smoking during several 
hours prior to delivery [8]. The 
2,3-DPG content of maternal blood 
was in agreement with earlier data 
[19, 23], but a prolonged maternal 
hypoxia was not apparent from the 
hb and htc values. The thiocyanate 
level of maternal blood agreed with 
previous data [11, 12, 18, 27] and 
so did the close correlation between 
the daily number of cigarettes and the 
cord blood thiocyanate level as well 
as of its concentration in maternal 
and cord blood [12, 18].

A new finding was the direct rela
tionship between the increased oxy
gen affinity of cord blood and its 
thiocyanate level and the connection 
between blood carboxy-hb and thio
cyanate, which has been suggested to 
operate in adults [27].

From the present findings it would 
appear that the increased blood oxy
gen affinity was not accompanied by 
an increased fetal 2,3-DPG produc
tion while the cord blood hb and htc 
values failed to indicate the activa
tion of some other compensatory 
mechanisms [13]. The st.P50 value of 
3 and 5 day old newborns pointed 
either to the postnatal occurrence of 
cyanate detoxication and elimination 
[20] or of some other mechanism 
affecting blood oxygen affinity, such 
as 2,3-DPG production, relative reduc
tion of fetal hb, etc.

The present results together with 
some previous and recent findings 
[5, 9, 14, 17, 20, 22, 25] all indicate 
the importance of avoiding smoking 
during pregnancy in view of its harm
ful effects on the fetus.
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