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Abstract 
Background: A var ie ty of p h y s i o l o g i c a l c h a n g c s 
occurring during pregnancy has been shown to affect 
the oral health. Saliva is cr i t ical fo r p rese rv ing and 
maintaining the heal th of oral t i s sues and has been 
used as a source of non- invas ive invest igat ion of 
different condi t ions in h u m a n a n d an ima l s tudies . 
Aim: This study w a s des igned to eva lua t e changes 
in secretion and compos i t ion of sa l iva in pregnant 
women in a Niger ian popula t ion . 
Methods: Th i s w a s a d e s c r i p t i v e c ros s - sec t iona l 
study using purpos ive s a m p l i n g t echn ique . Saliva 
samples were col lected f r o m 50 p regnan t and age 
matched 50 non-pregnant w o m e n . Sal ivary f low rate, 
pH, total pro te in and c o n c e n t r a t i o n s of s o d i u m , 
potassium, calcium, phospha te and bicarbonate were 
determined and compared u s i n g pa i red independent 
sample t test. 
Results: S a l i v a r y p H j n e a n c o n c e n t r a t i o n s o f 
po t a s s ium a n d b i c a r b o n a t e w e r e s i g n i f i c a n t l y 
reduced w h i l e m e a n c o n c e n t r a t i o n s of sa l iva ry 
sodium and phospha te w e r e s ign i f i can t ly elevated 
in p regnan t w o m e n c o m p a r e d to n o n - p r e g n a n t 
women (P< 0.05). However , there w a s no significant 
difference in the sal ivary f l o w rate, concent ra t ions 
of total protein and ca lc ium. 
Conclusion: Salivary pH, b ica rbona te and potassium 
concen t ra t ions w e r e r e d u c e d w h i l e s o d i u m and 
phosphate concent ra t ions were e levated in pregnant 
women. These findings suggest that pregnant women 
may be predisposed to h igher ca r ies incidence. 

Keywords: ?regnant women, non-pregnant women, 
salivary flow rate, salivary pH, total protein, 

Resume 
Contexte: Une varietede changements physiologiques 
qui sc produisent pendant la grossesse a etc montree 
pour affccter la sante bucco-dentaire . La salivc est 
critique pour la conservation et le maintien dc la sante 
des tissus buccaux et a e te ut i l i se c o m m e source 
d'investigation non invasive de condit ions difFerentes 
dans les etudes humaines et animates . 
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Ohjectif: Ce t te e tude a etc con$ue pour evalucr les 
changemen t s dans la secretion et la composi t ion de 
la s a l i v e c h e z les f e m m c s e n c e i n t e s d a n s u n e 
populat ion nigeriane. 
Methodes: Ceci etait une etude descript ive a cross-
section util isant la technique dc I 'cchant i l lonnage 
raisonnc. Des cchanti l lons de salive ont e tc preleves 
sur 50 f emmcs enceintes et appar ies par 50 f e m m e s 
non ence in t e s du m e m c age. Taux d ' e c o u l e m e n t 
saliva ire, le pi 1, proteines totales ct les concentrations 
d e s o d i u m , p o t a s s i u m , c a l c i u m , p h o s p h a t e et 
b i c a r b o n a t e on t e tc d e t e r m i n e s ct c o m p a r e s en 
util isant le test t d 'echant i l lon independant appar ie . 
Resultats: pi I salivaire, les concentrat ions moyennes 
d e p o t a s s i u m ct dc b i c a r b o n a t e o n t e t e 
c o n s i d c r a b l c m c n t r e d u i t s t a n d i s q u e l e s 
concentrat ions moyennes de sodium et de phosphate 
sal ivaires ctaient s ignif icat ivement plus e leves chez 
les f emmes enceintes par rapport aux f e m m e s non-
enceintes (P <0,05). Cependant , il n ' y avait pas de 
di f ference significative dans le taux de flux salivaire, 
les concentrat ions de la proteine totale et de calcium. 
Conclusion: pH salivaire, bicarbonate de potass ium 
et concen t r a t i ons ont e tc rcdui tes t and i s que les 
concent ra t ions de sodium et de phosphate ont e te 
e l eves c h e z les f e m m e s ence in tes . C e s resu l ta t s 
suggercnt que les femmes enceintes peuvent etre plus 
predisposes a l ' inc idence de la carie. 

Mots-cles: femmes enceintes, femmes non enceintes, 
debit salivaire, pH salivaire, proteines totales 

Introduct ion 
Saliva is a watery fluid produced by the ma jo r and 
minor salivary glands situated in the oral cavi ty and 
parts o f the upper respiratory tract. Saliva cons is t s 
o f a p p r o x i m a t e l y 9 9 % w a t e r and a v a r i e t y o f 
e lectrolytes and proteins. The componen t s interact 
a n d a r e r e s p o n s i b l e fo r t h e v a r i o u s f u n c t i o n s 
a t t r i b u t e d to s a l i v a [1] . S a l i v a is c r i t i c a l f o r 
preserving and maintaining the health of oral t i ssues 
and h a s been used as a s o u r c e of n o n - i n v a s i v e 
invest igat ion o f d i f ferent condi t ions in human and 
animal s tud ies [2-5]. T h e physiological func t ions of 
saliva include initial food digestion, taste perception, 
m a i n t e n a n c e o f too th in tegr i ty , oral c learance , 
lubricat ion, and protection of the oral cavi ty against 
infect ions . T h e contr ibut ion of the sal ivary g lands 
to the secret ion and composi t ion of saliva depends 
on various physiological factors including pregnancy, 
age , sex, t ime of the day, diet , exercise , type and 
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intensity of stimulus as well as disease conditions 
like diabetes mellitus, Sjogrens syndrome and cystic 
fibrosis [1 ,3 , 6]. 

P r e g n a n c y is a p h y s i o l o g i c a l p r o c e s s 
associated with many functional and compositional 
al terat ions in a lmost all sys tems of the body to 
varying extents. It is also a state of physiological 
stress which is accompanied by profound hormonal, 
biochemical and metabolic changes [7]. A variety of 
physiological changes occurring during pregnancy 
has been shown to affect the oral health [8]. Similarly, 
some studies in whites have shown that pregnancy 
alters the composit ion of saliva with varying results 
[9-11]. A study by Hugoson [9] reported an increase 
in total protein concentration of both stimulated and 
uns t imula ted parot id sal iva in pregnant women 
whereas another study [7] reported a decrease in 
unstimulated whole saliva of pregnant women. In 
addit ion, Al -Nuaimy and Al-Dosky [7] reported 
decreased salivary f low rate and pH in pregnant 
women whereas another study [ 12] reported increase 
in the pH of both unstimulated and stimulated whole 
saliva of women in their late pregnancy and post-
partum.These variations could be attributed to the 
different populations studied as well as different 
methods used by individual authors. However the 
r e l a t i o n s h i p b e t w e e n p r e g n a n c y and sa l iva ry 
secretion and composition has been assessed by few 
studies leaving inconclusive information available. 
In addition, to the best of our knowledge no previous 
study has documented changes in salivary secretion 
and composit ion in pregnant black women more so 
that reference standards for normality are usually 
derived from data obtained in specific populations. 
Therefore this study aimed at assessment of salivary 
secretion and composi t ion in pregnant and non-
pregnant women in a Nigerian population. 

Methods 
Study design 
This was a descriptive cross-sectional study using 
purposive sampling technique. The study received 
ethical clearance and approval by the Institution 
Research Ethics Committee (UI/EC/13/0069). 

Study population 
The study included 100 healthy human subjects (50 
pregnant and 50 non-pregnantwomen; age and sex 
matched). The pregnant women were consecutive 
w o m e n a t t e n d i n g the A n t e n a t a l Out Pa t i en t s 
Department of a Maternity Teaching Hospital while 
the non-pregnant women were those attending the 
Family Planning Unit of same Hospital. Participants 
were provided informat ion regarding risks and 

b e n e f i t s of the s tudy and c o n s e n t w a s taken. 
Individuals with complications like hypertension and 
d i a b e t e s m e l l i t u s as we l l a s t h o s e on oral 
c o n t r a c e p t i v e s w e r e e x c l u d e d . In a d d i t i o n , 
individuals with history of gingival bleeding, tooth 
ache and intra oral swelling were excluded. 

Bio data inc luding , age , we igh t , height 
ges ta t ion age and last mens t rua l per iod of the 
participants were recorded using a self-administered 
proforma. 

Saliva collection 
Saliva collection was undertaken between 8am and 
9am and participants had not had meal for at least 2 
hours before collection. Whole saliva was collected 
by spitting method. Participants were asked to spit 
(after rinsing the mouth with distilled water) into 
calibrated universal plastic bott les placed on ice 
cubes for a period of 10 minutes. Rates of resting 
saliva secretions were expressed in mls/mins and the 
pH of saliva samples were d e t e r m i n e d using a 
calibrated digital pH meter. Volumes of the secretions 
were recorded and stored at -20°C until laboratory 
analysis. 

Laboratory procedures 
Saliva samples were defrosted at room temperature 
and then centrifuged at 6000 rpm for 10 minutes 
before being used for laboratory analysis in order to 
remove extrinsic contaminants such as oral epithelial 
cel ls , micro-organ isms and food debr i s . Saliva 
samples were analyzed for the concentrat ions of K', 
N a \ C a 2 \ C l \ P0 4

2 " a n d H C 0 3
2 \ For the 

determination of salivary ions, saliva was diluted at 
e i the r 1/100 or 1 /1000 a n d K \ Na* and Ca :* 
c o n c e n t r a t i o n s w e r e d e t e r m i n e d u s i n g f l a m e 
emission spectrophotometry. Concentrat ions of CI 
and HC0 3

2 ' were determined by Schales method 
using mercuric nitrate while concentrat ions of P 0 4

: 

was determined using Cyrus Fiske and Subbarow's 
method.Total protein concentration was determined 
using established colorimetric methods with the use 
of Helios spectrophotometer by reading samples at 
7 2 0 n m . B o v i n e s e r u m a l b u m i n w a s used for 
calibration purposes. 

Statistical analysis 
The main outcome variables were mean values of 
sa l ivary f low rate, pH, total p ro te ins , sodium, 
po t a s s ium, ca l c ium, ch lo r ide , b i ca r bona t e and 
phosphate in pregnant and non-pregnant individuals. 
Data were analyzed using Independent-Samples T 
Test. The level of statistical s ignif icance was set at 
p < 0.05. 
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Results 
Data are presented as mean ± s tandard devia t ion, 
ranges, wi th 9 5 % c o n f i d e n c e i n t e r v a l s fo r al l 
variables assessed. 

There were 100 part icipants compr i s ing 50 
pregnant and 50 non-pregnant women with a mean 
age of 31.12±5.54 years ( range: 20 to 42 years) . 
Mean age of the pregnant w o m e n was 29 .64± 5.12 
years (range; 20 to 42 years ) whi le the mean age of 
non-pregnant women was 32.6± 5.59years ( range 22 
to 42 years). As expected, the mean Body Mass 
Index of the pregnant w o m e n (26.94 ± 4 .46 kg/m 2 ) 
was higher than in non- pregnant w o m e n (23 .32 ± 
3.19 kg/m2). However , there w a s no cor re la t ion 
between body mass index and sal ivary pa ramete r s 
in pregnant women (r = 0.05, P= 0.63). 
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was 6.99 ± 0. 61 mls/min (range: 5.8 to 7.9) in non-
pregnant women. Salivary pH was significantly reduced 
in pregnant women compared to non-pregnant women 
(P= 0 .001) . H o w e v e r , t he re w a s no s ign i f i can t 
difference in the concentrations of salivary total protein 
and calcium comparing pregnant women with non-
pregnant women (Table 1). 

Mean concentrat ion of salivary sodium was 
23.69 ± 10.6mmol/L (range, 13 to 74mmol/L) in 
pregnant women whi le it w a s 7.16 ± 4.9 mmoI/L 
(range, 0.3 to 23mmol /L) in non-pregnant women. 
M e a n concen t r a t i on of p h o s p h a t e w a s 17.44 ± 
5 .42mmol/L (range, 9.1 to 31.3mmol/L) in pregnant 
women while it was 6.62 ± 2 .64mmol /L (range, 0.5 
to 10 .5mmol /L) in non-pregnan t women . Mean 
concentra t ions of sal ivary sodium and phosphate 

Table I: Salivary flow rate, pH and Total protein concentration in pregnant and non-pregnant women 

Pregnant 
N = 50 

Non-pregnant 
N = 50 " 

95% 
Confidence 
Interval 

P value 

Flow rate 
(mls/min) 
pH 

Total protein 
(mg/dl) 

0.43 ±0 .16 
(Range: 0.2 to 0.8) 
6.37 ± 0.49 
(Range: 5.2 to 7.2) 
0.39 ±0 .15 
(Range: 0.1 to 0.7) 

0.44 ± 0 . 4 1 
(Range: 0.2 to 0.7) 
6.99 ± 0 . 6 1 
(Range: 5.8 to 7.9) 
0.33 ± 0.32 
(Range: 0.1 to 1.2) 

- 0 . 0 7 - 0 . 0 5 

-0.84 - 0.4 

0 . 0 4 - 0 . 1 6 

0.79 

0.00 

0.22 

Table 2: Concentrations of salivary electrolytes in pregnant and non-pregnant women 

Pregnant 
N = 50 

Non-pregnant 
N = 50 

95% 
Confidence 
Interval 

P value 

Sodium 23.69 ± 10.6 7.16 ± 4.9 13 .25-19 .81 0.000 
(Mmol/L) (Range, 13 to 74) (Range, 0.3 to 23) 
Potassium 23.46 ± 4 . 9 28.17 ±6 .25 -6.93 - 2.47 0.000 
(Mmol/L) (Range, 9.9 to 32.8) (Range, 18.7 to 39.8) 
Bicarbonate 3.89 ± 1.24 4.79 ± 1.16 - 1 . 3 8 - 0 . 4 3 0.000 
(Mmol/L) (Range, 1 to 8) (Range, 0.9 to 8.1) 
Phosphate 17.44 ±5 .42 6.62 ± 2.64 9 . 1 3 - 12.51 0.000 
(Mmol/L) (Range, 9.1 to 31.3) (Range, 0.5 to 10.5) 
Calcium 3.41 ± 1.78 2.77 ± 1.46 0 . 0 0 3 - 1.29 0.049 
(mg/dl) (Range, 0.7 to 10.4) (Range, 0.1 to 7.1) 

Mean value of salivary f low rate was 0 .43± 
0.16 mls/min (range: 0.2 to 0.8 mls /mim) in pregnant 
women while it was 0.44± 0 . 4 1 mls/min ( range: 0 .2 
to 0.7 mls/min) in non-pregnant women . The re w a s 
no significant d i f ference in the salivary f l ow rate 
comparing pregnant and non-pregnant w o m e n (P= 
0.79). M e a n v a l u e o f s a l i v a r y p H w a s 6 . 3 7 ± 
0.49(range: 5.2 to 7.2) in pregnant w o m e n whi le it 

w e r e s i g n i f i c a n t l y e l e v a t e d w h i l e m e a n 
concentrations of salivary potassium and bicarbonate 
were s ignif icant ly reduced (P< 0 .005) in pregnant 
women compared to non-pregnant women (Table 2). 

Discussion 
Previous studies have shown vary ing results on the 
changes in sal ivary secret ion and composi t ion in 
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pregnancy [9-12]. Rockenbach et al. [11] reported 
no difference in the salivary flow rate, concentrat ions 
of calcium and phosphate compar ing pregnant and 
non-pregnant women whereas Hugoson [9] showed 
reduced salivary f low rate as wel l as increased 
calcium concentration in pregnant women . These 
variations could be explained by d i f fe rences in the 
s tudy p o p u l a t i o n , s a m p l i n g p r o c e d u r e s a n d 
physiologic variability of sal iva. G l a n d - s p e c i f i c 
saliva can be used for analysis of changes specif ic 
to one of the major salivary glands, whereas , whole 
saliva represents the physiologic fluid in the mouth 
for the maintenance of oral hea l th and is most 
frequently used for assessment of oral health under 
different conditions [13-15]. In addit ion, changes in 
whole saliva collected f rom the mouth may not 
necessarily follow those observed in a part icular 
gland [16]. Furthermore, composit ion of saliva is 
different when it is produced spontaneously or after 
st imulation [17]. Al though s t imula ted sa l iva is 
thought to be a measure of the functional capacity 
of the gland, unstimulated saliva is important for the 
ma in tenance of oral hea l th , and u n s t i m u l a t e d 
secret ion predomina tes d u r i n g s l eep and mos t 
waking activities! 18]. However, collection of true 
unstimulated saliva is difficult due to interferences 
of environmental stimuli, which may result in a wide 
range of salivary flow rates [11,19]. 

In the p r e s e n t s t u d y w e e v a l u a t e d 
unstimulated whole saliva in pregnant and non-
pregnant women in a Nigerian populat ion. Values 
of all the parameters were different f rom the normal 
reference range reported in w h i t e s [7, 11, 18]. 
Sal ivary pH, b i ca rbona te and p o t a s s i u m w e r e 
reduced in pregnant w o m e n c o m p a r e d to non -
pregnant women. Previous studies [7,11,18] have 
reported reduced salivary pH in pregnant women 
which is in agreement with our f inding.The reduced 
pH of saliva in pregnant women could be attributed 
to many factors. Increased salivary amylase activity 
in pregnant women has been reported [9] which 
could induce a rise in the substrate for ac idogenic 
micro-organisms, thus contributing to the decreased 
pH observed during pregnancy. In add i t ion , the 
reduced salivary bicarbonate observed in this s tudy 
could explain the reduced pH in pregnant women . 
Salivary bicarbonate is an important electrolyte that 
contribute to the pH of saliva, thus a lso a f fec ts the 
buffering effect of saliva [20]. Similar to our finding, 
Sa lvo l in i et al.( 18) r e p o r t e d l o w e r s a l i v a r y 
bicarbonate level in pregnancy which was attr ibuted 
to the effect of progesterone in lower ing p lasma 
bicarbonate concentration [21].The reduced salivary 
pH in pregnant women observed in this s tudy could 

predispose pregnant women to higher incidence of 
caries. 

Regarding salivary flow rate, there was no 
s ignif icant d i f ference in the flow rate of saliva in 
pregnant and non-pregnant women. Similar to our 
f inding, previous study [11] has reported lack of 
d i f fe rence in the salivary flow rate in pregnant and 
non-pregnant women. On the other hand, Naveen eta!. 
[22] reported an increase in the salivary flow rate in 
pregnant women whereas others [7,9] showed decrease. 
Although, there was no difference in the salivary flow-
rate between pregnant and non-pregnant women, the 
concentration of potassium was reduced. This can be 
explained by the increased concentration of sodium due 
to the effect of estrogen and progesterone causing 
sodium retention. When sodium concentration ofsaliva 
is increased during secretion, the potassium level is 
decreased and vice versa [23].The variations in the 
results could be attributed to different study population 
and sampling techniques. 

In this study, concentrations of salivary 
sod ium and phosphate were higher in pregnant 
women compared to non-pregnant women. However, 
there was no difference in the concentrations of total 
protein and calcium when pregnant and non-pregnant 
women were compared. Elevated levels of sodium 
and phosphate in pregnant women observed in this 
study could be explained by the effects of hormones 
like estrogen and progesterone on the plasma levels 
of the electrolytes which could have contributed to 
the levels in saliva. The increased level of salivary 
sodium and phosphate in pregnant women could 
predispose them to higher calculus formation as well 
as gingival and periodontal diseases. Similar to our 
f inding, Rochenbach et al. [11] reported no change 
in salivary concentrations of calcium in pregnant 
women . In contrary, other studies [7,18] reported 
decrease in salivary calcium in pregnant women 
which was attributed to the increased requirement 
of calcium by both mother and foetus. The lack of 
d i f ference in the salivary total protein concentration 
in p r e g n a n t w o m e n compared to non-pregnant 
women observed in this study may be explained by 
the general ly low level of total protein in saliva that 
does not usually correlate with plasma level [24]. 

Conclus ion 
Varying changes were observed in salivary secretion 
and composi t ion of pregnant women. Salivary pH, 
b i ca r bona t e and potassium concentrations were 
reduced while sodium and phosphate concentrations 
were elevated. These findings suggest that pregnant 
w o m e n m a y be p r ed i sposed to higher caries 
incidence. 
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