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Abstract

:

Background: Surveys in Tanzania show that pregnant women have a significant burden of oral disease, although there is still little literature on the variation of their intraoral electrolytes. The present study investigated changes in salivary calcium (Ca2+), phosphate (PO43−), and hydrogen (H) ions during pregnancy and the correlation between salivary pH and hemoglobin levels. Methodology: A cross-sectional study involved sixty (60) pregnant women stratified by trimester and twenty (20) non-pregnant women attending an antenatal clinic at Mnazi Mmoja Hospital. Consecutive sampling was used, saliva was collected, and electrolyte levels were measured. Gestation age was the independent variable, whereas saliva pH and calcium and phosphate ion concentrations and hemoglobin levels were the dependent variables. Results: A difference in calcium concentration (z = −3.145, p = 0.001) and salivary pH (t = −2.49, p = 0.014) was observed between pregnant and non-pregnant women. Kruskal–Wallis tests for saliva Ca2+ and PO43− and ANOVA for saliva pH revealed differences in concentrations of saliva Ca2+, PO43−, and pH levels between trimester groups (saliva Ca2+ (H = 9.91, df = 3, p = 0.019), saliva PO43− (H = 12.36, df = 3, p = 0.006), saliva pH (F (3.76) = (16.42); p < 0.001)). Pearson’s correlation tests showed no association between salivary pH and hemoglobin levels. Conclusions: Pregnancy is associated with a reduction in saliva pH and saliva calcium levels with a progressive increase in the magnitude of reduction from the first trimester to the third trimester. Saliva phosphate reduction was noticed during the third trimester only and saliva pH levels were independent of hemoglobin levels.
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1. Background


Saliva is the fluid synthesized and secreted into the oral cavity by the salivary glands [1]. The primary constituent of saliva is water, which forms about 99% of the whole saliva’s composition. It is also enriched with inorganic and organic constituents [2]. The components of saliva differ from one type of gland to another and are also influenced by various physiological and pathological changes, for instance, pregnancy, anemia, and cardiovascular and circulatory diseases [3]. Each component of saliva serves a specific function, especially in maintaining oral health and gastrointestinal digestive functions [4].



The pH of the oral cavity is maintained by saliva primarily through the action of bicarbonate ions, phosphate ions, and histidine-rich short peptides [5]. These saliva components also help neutralize acids in the plaque caused by microbial fermentation of carbohydrate remnants. Urea from saliva also gets broken down into ammonia and carbon dioxide; ammonia is alkaline and hence it is used to neutralize the acid in the plaque [3,6,7]. Saliva pH has also been extensively studied concerning how its change is associated with an increased risk of some oral lesions like gingivitis and dental caries [8,9,10]. It has been proposed that the saliva pH causes dental caries in different patterns depending on the levels of saliva pH. Weak acids with pH levels of 4.5–6 are the primary culprits for enamel subsurface dissolution. In collaboration with bacteria activities in the plaque, they precipitate the formation of carious lesions [11]. It has been shown that children with dental caries, aside from presenting with low saliva pH [9], also have anemia [10]. Furthermore, Deshpande et al. observed concurrent low hemoglobin and saliva pH levels among children with severe dental caries in comparison to caries-free children [12]. Studies on the correlation between saliva pH and hemoglobin levels among pregnant women are scarce.



Pregnancy modifies the concentration of calcium and phosphates in the saliva. A study by Salvolini et al. [13] indicated a significant decrease in saliva calcium and phosphate concentrations during the second and third trimester of pregnancy. Rio et al. [14] showed that salivary calcium levels were lower in the first and third trimesters compared to non-pregnant women. Salivary phosphate levels were statistically significantly increased only during the first trimester. On the other hand, Rockenbatch et al. [15] did not find any significant difference in the concentration of total calcium and phosphates between pregnant and non-pregnant women. Furthermore, some studies that have been conducted to elucidate the relationship between saliva concentrations of calcium and phosphate ions in pregnant and non-pregnant women have shown contradicting results [13,14,15]. Research has shown that the fall in calcium and phosphate ion concentrations and salivary pH levels are among the risk factor for dental caries and gingivitis [8,16].



Globally, pregnancy has been associated with a higher prevalence of oral health maladies such as dental caries, gingivitis, tooth erosion, and periodontitis [17,18]. It has also been shown that pregnancy changes the concentration of hydrogen, calcium, and phosphate ions in the saliva to different extents from one population group to another [13,14]. Studies conducted in Tanzania have shown that pregnant women have a significant burden of oral diseases [19]. However, no published studies have attempted to investigate the association between pregnancy and saliva calcium, phosphate, and hydrogen ions. Therefore, this study aimed to examine how saliva pH during pregnancy correlates to hemoglobin levels, and calcium and phosphate ion concentrations among Tanzanian pregnant women attending prenatal care at Mnazi Mmoja Hospital.




2. Methods


2.1. Study Design


A stratified, comparative, cross-sectional, health facility-based study was conducted at Mnazi Mmoja Hospital located in Dar es Salaam, Tanzania. The hospital’s reproductive health clinic serves about 1600–1800 pregnant women monthly. Stratification was applied during enrolment to ensure equal representation of the participants by pregnancy trimester.




2.2. Sample Size and Study Participant Selection Procedure


The sample size was estimated based on a previous study [11], which showed that the saliva pH was about 6.56 (SD 0.42) and 6.97 (SD 0.48) in pregnant and non-pregnant women, respectively. When these parameters were substituted into the online statistical software OpenEpi Version 3.01 and based on the formula published by Soe and Sullivan [20], they gave a sample size of 80 participants with a ratio of 1:3 (20:60) between the non-pregnant and pregnant groups and with a 90% power to detect the difference at a 95% confidence level.



In both pregnant and non-pregnant women, participants were selected using a consecutive sampling technique. The inclusion criteria were Tanzanian pregnant and non-pregnant women aged between 23 and 26 years and in their first parity. Pregnant women in the first parity were selected because of the increased possibility of obtaining appropriate controls (non-pregnant women of the same parity) from the same facility. Thus, non-pregnant women of the same age range and parity were consecutively selected as controls among women attending the Reproductive and Child Health (RCH) unit for consultation at Mnazi Mmoja Hospital. Age matching was introduced to control for possible variation in saliva electrolytes due to age [21]. Participants’ enrolment was divided into four equal groups, comprising twenty women. These groups contained women in their first, second, and third trimesters and the non-pregnant controls. Therefore, twenty pregnant women for each of the three trimesters and non-pregnant women were enrolled, making a total of eighty participants.



Women who reported having any oral wounds, a history of tooth extraction within the last three days, any known systemic, hypertensive, or diabetic illness, xerostomia, hyperemesis gravidarum, regular smokers, and non-pregnant women in menstruation were excluded from the study.




2.3. Saliva Collection


Saliva was collected from 8.00 a.m. to 11.00 a.m. to control for circadian rhythm variations [17,18,22,23]. To ensure the collection of debris-free saliva, the collection was performed at least 2 h after a meal. Additionally, each participant was requested to rinse their mouth with 15 mL of distilled water to remove exfoliative cells and other remnants that might be present before collection [13,18,24]. Participants were asked to stay quiet and position their heads with a slight forward tilt to guarantee the collection of unstimulated whole saliva. Then, participants were asked to expectorate saliva that had accumulated on the floor of the mouth into a sterile disposable plastic container 5 min after rinsing the mouth in a quiet room. Saliva pH was measured immediately after collecting saliva to avoid the effect of microorganisms that can initiate biochemical reactions that may alter the pH of collected saliva [24]. The collected saliva was labeled and then stored in a cool box at 4 °C. Saliva calcium and phosphate ion concentrations were measured at the Muhimbili University of Health and Allied Sciences (MUHAS) clinical research laboratory on the same day as the data collection.




2.4. Study Variables


Salivary pH was measured using a digital pH meter (Ohaus ST, New York, NY, USA). The pH meter had a scale that ranged from 0 to 14. Saliva with a pH level of 7.0 was classified as neutral, below 7.0 was classified as an acidic pH, and above 7.0 as an alkaline pH.



Calcium and phosphate ions were measured and recorded in mmol/L using a Cobas biochemistry analyzer machine (Roche Diagnostics, GmbH, Mannheim, Germany) in the MUHAS clinical research laboratory.



Gestational age was extracted from the participants’ RCH cards and recorded as completed pregnancy weeks. About 40 weeks, which are commonly divided into three trimesters, constitute the typical gestation period. The first trimester is the duration from the end of the last menstrual period until 13 weeks, the second trimester comprises weeks 14 to 27, and the third trimester is from 28 weeks until delivery.



Hemoglobin levels are routinely measured using a hemoglobin analyzer machine HemoCue® 201+ (Ängelholm, Sweden) during each visit of pregnant women to the facility. The hemoglobin levels of pregnant women routinely measured on the day of the clinic visit were recorded from RCH cards in g/dL. According to WHO guidelines, a hemoglobin concentration of less than 7 g/dL was considered severe anemia, from 7 to 9.9 g/dL as moderate anemia, from 10 to 10.9 g/dL as mild anemia, and 11 and above was considered non-anemic [25].




2.5. Data Management and Analysis


The recorded data were entered into a Microsoft Excel sheet. Consistency and verification of missing information were cross-checked before exporting the data to the STATA software version 16 for analysis. Shapiro–Wilk tests were used to test for normality of the data whereby saliva pH and hemoglobin levels showed parametric distributions and therefore were summarized as the mean and standard deviation. However, saliva calcium and phosphate ion concentrations showed non-parametric distributions and were therefore summarized as the median and interquartile range. An unpaired t-test was conducted to test for differences in mean saliva pH between pregnant and non-pregnant women while the Mann–Whitney U test was conducted to test for differences in saliva calcium and phosphate ion concentrations. Kruskal–Wallis rank test and ANOVA were used to test for differences in medians and means of saliva electrolytes in non-pregnant women and the three groups of pregnant women. Pearson’s’ correlation test was conducted to determine the association between salivary pH and hemoglobin levels of pregnant women.





3. Results


3.1. Study Participant’s Demographic and Clinical Characteristics


During selection, matching was applied whereby all participants were in their first parity and had an age range of 23–26 years. The mean weight, height, and body mass index (BMI) of the participants are shown in (Table 1).




3.2. Description of Saliva Electrolytes Values


Saliva pH (p = 0.015) and calcium ion concentrations (p = 0.001) from pregnant women were different from non-pregnant women. No difference in saliva phosphate concentration between pregnant and non-pregnant women was observed (p = 0.084). A Spearman’s correlation test between calcium to phosphate ratios and saliva pH revealed a statistically significant negative relationship (Table 2). Comparisons of the electrolyte values between the four groups revealed statistically significant differences in means and medians using ANOVA and Kruskal–Wallis tests (saliva pH < 0.001, saliva Ca2+ p = 0.019, saliva PO43− p = 0.006) (Table 3).




3.3. Saliva pH


Pregnant women in the third trimester showed the biggest difference in saliva pH levels (p < 0.001) according to the pairwise comparison between non-pregnant women and pregnant women in the first, second, and third trimester as shown in (Figure 1).




3.4. Saliva Calcium Ion Concentration


Salivary calcium ions levels decreased considerably across all trimesters. There was a statistically significant difference in each group compared to non-pregnant women as shown in (Figure 2).




3.5. Saliva Phosphate Ion Concentration


Overall, no differences in saliva phosphate ion concentrations between pregnant and non-pregnant women were observed (p = 0.084) (Table 2). However, pregnant women in their third trimester had saliva phosphate concentrations that were significantly lower compared to non-pregnant women (p = 0.001) (Figure 3).




3.6. Correlation of Saliva pH Levels and Hemoglobin Levels among Pregnant Women


Hemoglobin levels showed a parametric distribution according to a Shapiro–Wilk test for normality (p = 0.55). The mean and SD were 11.22 ± 0.87 g/dL and the minimum and maximum values were 8.8 g/dL and 13.1 g/dL, respectively. A Pearson correlation test between pregnant women’s hemoglobin levels and saliva pH was performed. There was no statistically significant correlation between saliva pH and hemoglobin levels (p = 0.152) as shown in Figure 4.





4. Discussion


The findings from this study have revealed differences in saliva pH and calcium ion concentrations in unstimulated whole saliva between pregnant and non-pregnant women. On the other hand, saliva phosphate ion concentrations were similar between pregnant and non-pregnant women.



The current findings corroborate those of previous studies showing that pregnancy is associated with a reduction in salivary pH [13,14,15,26,27]. It has also been shown that the reduction in saliva pH during pregnancy is among the risk factors for developing dental caries and periodontal diseases during pregnancy [13,28]. The lowest saliva pH was observed during the third trimester, indicating a progressive reduction with increasing gestational age. Low saliva pH in pregnant women has been postulated to be due to progesterone hormone action in reducing levels of plasma bicarbonate ions [26]. Other studies have hypothesized that the saliva pH reduction during pregnancy is caused by changes in dietary habits and cravings that occur during pregnancy [11]. However, this has yet to be clearly explained and this study could not determine the possible reasons for the observed variation.



Studies have indicated that a decrease in saliva buffering capacity during pregnancy may cause a reduction in saliva pH [22,29]. The low levels of saliva pH observed in this study can be a risk factor for increased demineralization of dental hard tissues and the development of dental caries [23]. However, research suggests there is a critical saliva pH below which the teeth demineralization process can start [24]. Contrary to this, a prospective clinical investigation presented a weak association between saliva factors and the development of dental caries. It suggested that dental caries have a multifactorial causation with consistent interaction between factors, including disequilibrium between mineralization and demineralization processes [16]. Studies have also shown an association between low saliva pH and a shift in acid-tolerant and acid-producing bacteria that play a significant role in caries development [30]. Low saliva pH and periodontitis are associated with low birth weight among neonates and affect their quality of life [31,32].



Hemoglobin is one of the intracellular buffers in the circulation that play a key role in the defense against changes in hydrogens ion concentrations [33]. Several studies conducted on children have indicated a high prevalence of dental caries in children with anemia [10,34,35,36]. Additionally, Mahantesha et al. [37] found that after the correction of anemia in children, a positive relationship between hemoglobin levels and salivary pH was observed. Therefore, it was hypothesized that there could be a correlation between saliva pH and hemoglobin levels in pregnant women as hemoglobin is the most potent regulator of blood pH [33]. A possible explanation for the failure to observe a correlation between hemoglobin levels and saliva pH could be due to differences in the strength and types of buffer systems that are used in the saliva in comparison to those used in the blood [38]. Under resting conditions, the phosphate buffer system is the most important in the oral cavity while in the plasma, the bicarbonate buffer system is the major buffer system. Similarly, Pradeep et al. [39] did not observe any significant baseline blood pH changes despite significant changes in saliva pH from acidic to neutral pH among patients pre and post non-surgical periodontal therapy. Additionally, Easwaran et al. [40] found no relationship between dental caries and iron deficiency anemia among children. Our study corroborates previous findings showing a lack of correlation between salivary pH and blood hemoglobin levels.



Consistent with previous findings, saliva calcium and phosphate ion concentrations were shown to decrease with the progression of pregnancy [13,41]. The reasons behind a fall in saliva calcium and phosphate ion concentrations during pregnancy may include the increased demand for these minerals for the fetal bone ossification process that requires a large amount of calcium and phosphate ions from the plasma [13]. Some epidemiological studies have reported a correlation between saliva calcium levels and plasma estrogen levels. It has been shown that as plasma levels of estrogen hormone increase, there is a concurrent decrease in saliva calcium levels [42]. This tendency could explain why saliva calcium levels decrease during pregnancy as there is potentially an increase in plasma estrogen hormone levels produced by the placenta during pregnancy [43]. Low levels of saliva calcium and phosphates increase the risk for the development of caries and teeth erosion. This is because of disturbance to the demineralization and mineralization equilibrium of the oral environment. The teeth mineralization process performs best when the saliva is supersaturated with calcium and phosphate, and is at a suitable pH (8). In addition to supersaturation, teeth remineralization is favored when there is a low calcium-to-phosphate ratio [44]. The results from this study support the observation that non-pregnant women and pregnant women who were in the first trimester of pregnancy had the lowest calcium-to-phosphate ratios. Furthermore, a negative relationship was observed suggesting that a decline in calcium-to-phosphate ratios corresponds to an increase in saliva pH which is favorable for teeth mineralization. Therefore, pregnancy was associated with biochemical salivary changes favoring demineralization of calcified dental tissues.



This study applied solid matching criteria for parity and age in comparison to other studies investigating the alteration of salivary electrolytes during pregnancy. Participants within a small age range were sampled, unlike previous studies that used participants with a large age interval and lacked parity matching. Nevertheless, these stringent criteria for participation could have influenced our results because of the observed variation of salivary electrolyte values by age (21). Despite this, our results showed consistent electrolyte variation across the studied groups and largely reflected previous findings. However, no clinical assessment of oral diseases was undertaken in our study, eliminating the possibility of corroboration of oral disease burden in pregnant women and the effect of such pathologies in salivary electrolyte variations. Regarding the overall procedure for the assessment of electrolytes, some limitations need attention. There is a possibility that a few participants’ saliva may have been collected while they consumed food in less than the specified time of two hours as recommended. This is because the only proof of when the last food was consumed was by asking a question to the participants and given the fact that there is a difference in ability in recalling among individuals. However, this did not affect the reliability and validity of our results due to the larger sample size and power of the study as compared to previous studies. Additionally, the salivary flow rate was not recorded; however, this study applied solid age-matching criteria which eliminated the effect of age on the saliva flow rate [32]. The spitting method used to collect saliva also has the disadvantage of the possibility of conferring some stimulatory effects. However, this is one of the recommended methods for collecting unstimulated saliva. Furthermore, participants were made aware to allow saliva to flow without undue stimulation [42,45].



Although the study design has been able to establish the effect of pregnancy on the aforementioned saliva electrolytes, it does not allow extrapolation of causal relationships compared to other study designs [46]. Nevertheless, the results from this study are valuable and corroborate similar previous primary studies performed in different ethnic groups and geographical locations.




5. Conclusions


Pregnancy is associated with a reduction in saliva pH and saliva calcium levels with a progressive increase in the magnitude of reduction from the first trimester to the third trimester. No correlation between saliva pH levels and hemoglobin levels among pregnant women was observed. Salivary phosphate levels were shown to be markedly reduced during the third trimester. In summary, our findings suggest that pregnant women are at a higher risk of developing dental caries and periodontal diseases as compared to non-pregnant women due to alterations in key electrolytes for the maintenance of optimum intraoral equilibrium.




6. Recommendations


Due to the increased risk of dental diseases from salivary electrolyte variations at this critical time, pregnant women must maintain proper oral hygiene practices. Prompt visits to dental facilities for clinical assessment and other preventive measures are strongly advised during pregnancy. Further research is required to better understand the prevalence of oral illnesses and their potential association with altered levels of salivary electrolyte concentrations and hemoglobin levels in pregnant women. Additionally, it would be beneficial to investigate when any alterations in electrolyte levels return to normal during the postpartum period.
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Figure 1. Individual value scatter plots of saliva pH levels in non-pregnant women (n = 20) and pregnant women (n = 20 in each trimester). 
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Figure 2. Individual value scatter plots of saliva calcium ion concentrations in non-pregnant women (n = 20) and pregnant women (n = 20 in each trimester). 
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Figure 3. Individual value scatter plots of saliva phosphate ion concentrations in non-pregnant women (n = 20) and pregnant women (n = 20 in each trimester). 
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Figure 4. Scatter plot of saliva pH levels vs. hemoglobin levels. 
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Table 1. Characteristics of participants (n = 80).
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Non-Pregnant (n = 20)

	
Pregnant (n = 60)

	
p-Value




	

	
Mean ± SD

	






	
Weight (kg)

	
63.6 ± 12.13

	
66.18 ± 9.94

	
0.344




	
Height (cm)

	
157.95 ± 9.93

	
157.26 ± 7.33

	
0.743




	

	

	
Frequency (%)

	
Frequency (%)

	




	
BMI

	
Underweight (<18.5)

	
6 (30)

	

	
1 (1.67)

	




	

	
Normal weight (18.5–24.9)

	
12 (60)

	

	
17 (28.33)

	




	

	
Overweight (25–29.9)

	
2 (10)

	

	
34 (56.67)

	




	

	
Obese (30–39.9)

	
0 (0)

	

	
8 (13.33)

	




	
Hb levels

	
Severe anemia (<7 g/dL)

	

	

	
0 (0)

	




	

	
Moderate (7–9.9 g/dL)

	

	

	
3 (5)

	




	

	
Mild (10–10.9 g/dL)

	

	

	
20 (33.33)

	




	

	
Non-anemic (≥11 g/dL)

	

	

	
37 (61.67)

	








p-value for unpaired t-test for height and weight differences between pregnant and non-pregnant women.
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Table 2. Variation in saliva pH, and calcium and phosphate ion concentrations between pregnant and non-pregnant women (n = 60 and n = 20, respectively) and calcium-to-phosphate ratios and its correlation to saliva pH.
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Non-Pregnant (n = 20)

	
(Pregnant n = 60)

	




	
Median (IQR)

	
Median (IQR)

	
z-Value

	
Exact p-Value






	
Saliva [Ca2+] mmol/L

	
1.41 (1.06–1.79)

	
1.03 (0.86–1.25)

	
−3.145

	
0.001




	
Saliva [PO43−] mmol/L

	
5.17 (4.14–6.27)

	
2.94 (1.68–6.17)

	
−1.733

	
0.084




	

	
Mean ± (SD)

	
t-value

	
p-value




	
Saliva pH

	
6.67 (0.36)

	
6.38 (0.49)

	
−2.49

	
0.015




	

	
Non-pregnant

	
First trimester

	
Second trimester

	
Third trimester




	
[Ca2+]/[PO43−] ratios (Mean ± SD)

	
0.35 ± 0.31

	
0.33 ± 0.33

	
0.40 ± 0.32

	
0.53 ± 0.36




	
Correlation between saliva pH and [Ca2+]/[PO43−] ratios

	
Spearman’s r

	
95% Confidence Interval of r

	
p-value




	
−0.274

	
−0.471 to −0.051

	
0.014








Mann–Whitney U test for saliva [Ca2+] and [PO43−] and unpaired t-test for saliva pH.
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Table 3. Comparison of means of saliva pH and medians of saliva calcium and phosphate ion concentrations across the groups.
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Variable

	
(H)

	
Degree of Freedom

	
p-Value






	
Saliva [Ca2+] mmol/L

	
9.91

	
3

	
0.019 **




	
Saliva [PO43−] mmol/L

	
12.36

	
3

	
0.006 **




	

	
R2

	
F

	

	




	
Saliva pH

	
0.3932

	
16.42

	
3.76

	
<0.001 *








Note. The four groups are non-pregnant women, and first, second, and third-trimester pregnant women (n = 20 per group). ** p-value for Kruskal–Wallis test, * p-value for ANOVA, H Kruskal–Wallis value, R2 value for ANOVA, F value for ANOVA.
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