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Abstract
Purpose Hypertensive disorders complicate 5-10% of all
pregnancies and contribute greatly to maternal morbidity
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and mortality. There are various biomarkers for detection
of preeclampsia. Several studies have reported that positive
correlation exists between serum uric acid (UA) levels and
adverse maternal and fetal outcome. Significant advances
have been made toward validation of salivary biomarkers.
We conducted this study to determine levels of salivary UA
and its correlation with serum UA normal pregnancy and
preeclampsia.

Methods Present cross-sectional study was conducted in
tertiary care teaching hospital in North India. One hundred
and fifty participants were divided into control group (50
healthy non-pregnant females), study group I (50 nor-
motensive pregnant females), study group II (50 pregnant
females with preeclampsia), and both salivary and serum
UA was estimated at the same time.

Results Saliva UA of study group II (4.86 £ 2.37 mg/dl)
was significantly higher (p < 0.001) than that of control
group (2.09 £+ 1.33 mg/dl) and study group I
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(3.32 £ 1.77 mg/dl). Serum UA of study group II
(6.63 + 2.78 mg/dl) was significantly higher (p < 0.001)
than that of control group (2.94 4 1.94 mg/dl) and also
study group I (5.18 + 2.31 mg/dl) (p = 0.0006).
Conclusion UA 1is present in the saliva of women with
preeclampsia and has linear correlation with serum UA.
Therefore, salivary UA can be used in place of invasive
serum UA to monitor women with preeclampsia. Saliva
collection is easy, noninvasive and cost-effective. Salivary
UA testing may be useful for monitoring preeclampsia at
home-based and hospital setting.

Keywords Saliva - Uric acid - Preeclampsia

Abbreviation
UA  Uric acid

Introduction

Hypertensive disorders of pregnancy and specially
preeclampsia are the leading cause of maternal and peri-
natal morbidity and mortality in developing and developed
countries [1]. Hypertensive disorders complicate 5-10% of
all pregnancies, and together they are one of the members
of the deadly triad—along with hemorrhage and infec-
tion—that contributes greatly to maternal morbidity and
mortality. Out of these, the preeclampsia syndrome, either
alone or superimposed on chronic hypertension, is the most
dangerous. Oxidative stress is thought to play an important
role in all pathological consequences occurring in
preeclampsia and associated with poor placental perfusion.
Raised blood urea, a marker of oxidative stress, is associ-
ated with severity of preeclampsia and fetal outcome [2].
Hyperuricemia is a common finding in preeclamptic
pregnancies. The elevation of uric acid in preeclamptic
women often precedes hypertension and proteinuria [3].
Blood urate is also considered a predictor of preeclampsia
[4]. There are several potential origins for uric acid in
preeclampsia; abnormal renal function, increased tissue
breakdown, acidosis, and increased activity of the enzyme
xanthine oxidase/dehydrogenase, outside the pregnancy,
high blood uric acid levels are also associated with a wide
variety of diseases including hypertension, increased car-
diovascular mortality, obesity and metabolic syndrome
[5, 6].

Blood urate is a product of endogenous urate production,
diet, renal excretion and gastrointestinal excretion. In the
intestine, urate undergoes bacterial degradation (enteral
uricolysis) [7]. Uric acid is 5% bound to plasma proteins in
blood, but it is otherwise completely filtered by glomeru-
lus, it is then reabsorbed by 90% in early proximal tubules,
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and then, 50% of the filtered urate is secreted via S2 seg-
ment of the proximal tubules. Finally, it undergoes post-
secretory reabsorption in the last segment of proximal
tubules [8].

There are several studies which report that positive
correlation exists between serum uric acid (UA) levels and
adverse maternal and fetal outcome [9-13]. In recent years,
significant advances have been made toward validation of
salivary biomarkers for disease detection. So we decided to
conduct this study to determine levels of salivary uric acid
and its correlation with serum uric acid in normal preg-
nancy and preeclampsia.

Materials and Methods

In this cross-sectional study, 150 participants were selected
after taking informed consent and ethical clearance, over a
period of 1 year. Women attending the antenatal O.P.D and
admitted in the antenatal ward from 28th to 40th week of
gestational age and also Gynaecology O.P.D of Department
of Obstetrical and Gynaecology, Queen Mary Hospital,
K.G.M.U, Lucknow, were selected.

Participants were divided into two groups:

Control group Comprised of normal healthy normoten-
sive non-pregnant women

Study group Further divided into two subgroups: Study
group I (n 50) normotensive with singleton pregnancy and
gestational age 28 weeks to 40 weeks. Study group II (n 50)
singleton 28—40 weeks pregnancy with preeclampsia.

Study group II was further divided into two group:
1. Non-severe preeclampsia (n = 31)
2. Severe preeclampsia (n = 19)

Criteria for diagnosis of preeclampsia were taken as
blood pressure > 140/90 mmHg on two occasions 4 h
apart with or without proteinuria > 300 mg/24 h or per-
sistent proteinuria 30 mg/dl (> 14 dipstick) in random
urine samples and also to differentiate severe and non-
severe preeclampsia. Non-severe preeclampsia was taken
as  blood pressure  systolic < 160 and  dias-
tolic < 110 mmHg, with or without proteinuria without
any derangement of LFT & KFT. Severe preeclampsia was
defined as blood pressure > 160/110 mmHg with without
proteinuria and derangement of LFT or KFT [14].

Exclusion criteria for study groups I and II Exclusion
criteria were: multiple pregnancy, diabetes mellitus,
chronic hypertension, any other cardiovascular disease,
gout, connective tissue disorder, renal or liver disease,
history of thromboembolism, history of any chronic illness,
neural tube defect and other congenital malformation,
patients with oral infection, poor oral hygiene and recent
oral injuries.
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Methodology

After informed consent and ethical clearance, all enrolled
women were subjected to detailed history and examination,
and relevant blood investigations were done.

After 10 min of rinsing of mouth, 5 ml of saliva was
collected in a wide bore vial and was kept cool in normal
domestic refrigerator at 4 °C until it was processed within
4 h in the laboratory of the Pathology department. 2 ml of
blood sample from antecubital vein was also collected at the
same time from the subject to measure serum uric acid levels;
both serum and saliva samples were centrifuged for 5 min
(3000 rpm). The supernatant was aspirated, and levels of
serum and salivary uric acid were measured using Accurex
Uric acid kit, with the help of an optical densitometer.

Uricase

Uricacid + H,O — Allantonin + H,0,
Hy0,

. Peroxidase
+ Phenolic chromogens

—  Red colored compound

Red colored compound has maximum absorbance at
510 nm (500-530 nm). Its concentration is proportional to
the amount of uric acid in specimen.

Statistical Tools Employed in the Study

The statistical analysis was done using SPSS (Statistical
Package for Social Sciences) version 15.0 statistical anal-
ysis software. The values were represented in number (%)
and mean £ SD. Time interval was analyzed with
ANOVA test, and other data were analyzed with y* for
qualitative and student’s ¢ test for quantitative variables.
P value of < 0.05 was taken as significant. Pearson cor-
relation coefficient r < 0.3 was taken as weak or no cor-
relation and > 0.9 was taken as very strong correlation.

Observation and Result

No statistically significant difference in age, parity, BMI
and socioeconomic status of subjects in the above three
groups was found (Table 1).

Proportion of subjects having educational status up to
college level was higher in control group (36.00%) as
compared to that in study group I (22.00%) and study
group II (18.00%). Although the difference in educational
status of above three groups was not found to be statisti-
cally significant.

Saliva uric acid in study group I was found to be
3.32 £ 0.1.77 mg/dl (range 0.25-8.60), that in study group
II was 4.86 + 2.37 mg/dl (range 1.70-14.60), and that in
control group was 2.09 £ 1.33 mg/dl (range 0.20-8.40)
(Table 2).

Serum uric acid in study group I was found to be
5.18 £ 2.31 mg/dl (range 1.50-10.80), that in study group
IT was 6.62 4 2.78 mg/dl (range 2.50-17.40), and that in
control group was 2.94 £ 0.94 mg/dl (range 0.90-5.50)
(Table 2).

In study group I, saliva uric acid ranged from 0.25 to
8.6 mg/dl and mean value was found to be
3.32 £ 1.77 mg/dl, while serum uric acid of study group I
ranged from 1.5 to 10.8 mg/dl and mean value was found
to be 5.18 & 2.31 mg/dl.

A mild and statistically significant correlation (Pearson
correlation coefficient r = 0.466, p = 0.001) between sal-
iva uric acid and serum uric acid of subjects of group I was
found (Table 3).

In study group II, saliva uric acid ranged from 1.7 to
14.6 mg/dl and mean value was found to be
4.86 + 2.37 mg/dl, while serum uric acid of study group II
ranged from 2.5 to 17.4 mg/dl and mean value was found
to be 6.63 = 2.78 mg/dl (Table 2).

Table 1 Demographic and obstetric characteristic of study and control groups

Study group I Study group II Control group Significance

Maternal age in year 25.62 + 3.07 25.64 £ 3.60 27.44 + 3.62 None
Parity 1.72 £ .08 1.85 £ 1.1 1.84 £ 0.9 None
BMI 24.63 £ 2.632 25.6 + 2.51 2428 £ 2.6 None
Table 2 Levels of saliva uric acid (mg/dl) and serum uric acid (mg/dl) in different groups

Saliva uric acid (mg/dl) Serum uric acid (mg/dl)

Min Max Mean SD Min Max Mean SD
Study group I 0.25 8.60 332 1.77 1.50 10.80 5.18 2.31
Study group II 1.70 14.60 4.86 2.37 2.50 17.40 6.62 2.78
Control 0.20 8.40 2.09 1.33 0.90 5.50 2.94 0.94
64 @ Springer
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Table 3 Correlation of saliva uric acid (mg/dl) and serum uric acid (mg/dl) in study group I

No. of subjects Min. (mg/dl) Max. (mg/dl) Mean (mg/dl) SD
Saliva uric acid (mg/dl) 50 0.25 8.6 3.32 1.77
Serum uric acid (mg/dl) 50 1.5 10.8 5.18 2.31

Pearson’s correlation coefficient (r) = 0.466 (mild); p = 0.001

Fig. 1 Pearson’s correlation 20

coefficient of group II subjects,

(r) = 0.690 (moderate) 18
16 -
14 -

Serum Uric acid
—
o
Il

*

y = 0.8103x + 2.6852
R%=0.47

A moderate and statistically significant correlation
(Pearson correlation coefficient r = 0.690, p = 0.001)
between saliva uric acid and serum uric acid of subjects of
Group II was found (Fig. 1).

Saliva uric acid of study group II (4.86 £ 2.37 mg/dl)
was found to be significantly higher (p < 0.001) than that
of control group (2.09 £ 1.33 mg/dl) and study group I
(3.32 £ 1.77 mg/dl).

Serum uric acid of study group II (6.63 + 2.78 mg/dl)
was found to be significantly higher (p < 0.001) than that
of control group (2.94 4+ 1.94 mg/dl). Similarly, serum
uric acid of study group II (6.63 + 2.78 mg/dl) was found
to be significantly higher (p = 0.006) than that of study
group I (5.18 + 2.31 mg/dl).

Difference in saliva uric acid of above three groups was
found to be statistically significant (p < 0.001). Difference
in serum uric acid of above three groups was found to be
statistically significant (p < 0.001) (Table 4).

4 6 8 10 12 14 16
Saliva Uric acid

Though serum uric acid of severe preeclampsia subjects
of group II (7.40 &£ 3.29 mg/dl) was found to be higher
than that of non-severe preeclampsia subjects of group II
(6.15 + 2.35 mg/dl), but difference in serum uric acid of
both the groups was not found to be statistically significant
(p = 0.124) (Table 5).

Based on the direction of assessment, saliva uric acid
and serum uric acid were evaluated for prediction of
preeclampsia at a cutoff with a larger value indicating
positive result. Areas under curve findings were 0.810
(indicating a projected accuracy of 81.0%) and 0.800,
respectively, for saliva uric acid and serum uric acid. For
Saliva uric acid, a cutoff value > 3.350 was predicted to be
78.0% sensitive and 73% specific. For Serum uric acid, a
cutoff value > 4.655 was predicted to be 74.0% sensitive
and 71 specific (Fig. 2, Table 6).

All parameters of preeclampsia were measured to dif-
ferentiate between severe and non-severe preeclampsia, but

Table 4 Intergroup comparison of saliva uric acid (mg/dl) and serum uric acid (mg/dl)

Saliva uric acid (mg/dl)

Serum uric acid (mg/dl)

Min Max Mean SD Min Max Mean SD
Study group 1 0.25 8.60 3.32 1.77 1.50 10.80 5.18 2.31
Study group 1I 1.70 14.60 4.86 2.37 2.50 17.40 6.62 2.78
Control 0.20 8.40 2.09 1.33 0.90 5.50 2.94 0.94

Statistical significance F =27.494; p < 0.001

F =36.961; p < 0.001
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Table 5 Saliva uric acid and serum uric acid (mg/dl) in study group II according to severity of preeclampsia

Non-severe preeclampsia (n = 31)

Severe preeclampsia (n = 19)

Min. Max. Mean SD Min. Max. Mean SD
Saliva uric acid (mg/dl) 1.7 14.6 4.80 2.36 1.92 11.8 4.97 2.45
Statistical significance t=0.241; p =0.811
Serum uric acid (mg/dl) 2.70 14.1 6.15 2.35 2.50 17.40 7.40 3.29
Statistical significance t=1.566; p =0.124
Fig. 2 ROC curve depicting ROC Curve

value of salivary uric acid level

preeclampsia patients (group II)

Sensitivity

Source of the Curve

—— Saliva Uric Acid
~—— Serum Uric Acid
Reference Line

02

04 06 08 10
1 - Specificity

Diagonal segments are produced by ties.

Table 6 ROC curve analysis

Test result variable(s) Area Std. error(a)

Asymptotic Sig.(b) Asymptotic 95% CI

Lower bound Upper bound

Saliva uric acid 0.810 0.035 < 0.001 0.741 0.878
Serum uric acid 0.800 0.037 < 0.001 0.727 0.872
they were not compared as our aim of this study was to  Discussion

compare salivary and serum uric acid and its correlation
with severity of preeclampsia.

Various statistical parameters were used to correlate the
level of salivary and serum uric acid and severity of
preeclampsia. We tried to make a cutoff value of uric acid
to predict preeclampsia.

66

In our study, the salivary uric acid in study group I was
3.32 £ 1.77 mg/dl, that in study group II was
486 £ 2.37 mg/dl, and that in control group
2.09 £ 1.33 mg/dl. Serum uric acid in study group I was
found to be 5.18 + 2.31 mg/dl, that in study group II was
6.62 £ 2.78 mg/dl, and that in control group was
2.94 £+ 0.94 mg/dl.
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Several studies have demonstrated the presence of uric
acid in saliva (Soukup et al. [15], Bahaa et al. [16]). They
stressed that there is a linear relationship between serum
and saliva uric acid levels. Hence, saliva may serve as a
useful surrogate marker for blood testing. Soukup et al.
[15], in their study “salivary uric acid as a noninvasive
biomarker of metabolic syndrome,” found that salivary
uric acid was significantly elevated in patients with meta-
bolic syndrome (p = 0.002). Salivary uric acid concentra-
tion without metabolic disease was 184.9 £ 78.4 uM
(3.08 £ 1.3 mg/dl), and with metabolic syndrome it was
278.1 &+ 1353 uM (4.6 £ 2.2 mg/dl) which was statisti-
cally significant. This is in agreement with our study where
we have observed statistically significant difference in
salivary uric acid levels between the control group
(2.09 &+ 1.33 mg/dl), study group II of preeclamptic
patients  (4.86 £ 2.37 mg/dl), and study group I
(3.32 + 1.77 mg/dl) with p < 0.001.

Our findings are well correlated with the observation
made by Bahaa et al. [16]. They studied oxidative stress
biomarkers (uric acid and malondialdehyde) in saliva and
plasma of patients with end stage renal failure. They
observed increased serum and salivary uric acid levels
(5.46 + 0.66, 2.74 £ 0.86 mg/dl), respectively, in patients
as compared to healthy controls (4.39 + 1.27,
2.08 £ 0.64 mg/dl), respectively.

Blicharz et al. [17] in their study titled use of colori-
metric test strips for monitoring the effect of hemodialysis
on salivary nitrite and uric acid in patients with end stage
renal disease: a proof of principle reported that changes in
UA concentrations occurring during dialysis can be
monitored in saliva and, therefore, salivary UA warrants
further examination for its clinical utility. In a retro-
spective cohort study conducted by Hawkins et al. [18], it
was shown that plasma uric acid remains a marker of
poor outcome in hypertensive pregnancy. The percentage
of women diagnosed with preeclampsia was significantly
higher (56 vs. 29%; p < 0.001) if there was a 0.10 mmol/
1 (= 1.7 mg/dl) or more increase in plasma uric acid
between the time of initial consultation and that closest to
delivery (uric acid). Uric acid > 0.10 mmol/l (> 1.7 mg/
dl) (n = 481).

According to Sangeeta et al. [19], the cause of hyper-
uricemia in preeclampsia is attributed to either a decreased
excretion or to an increased production of uric acid.

In this study, the serum uric acid levels in the cases
were higher than the control which is similar to the values
found by us in our study. The serum uric acid mean £
SD (mg %) for the cases was 8.82 + 1.68, whereas in
the control group (normal pregnant) it was 4.06 £ 0.96.
This difference in the values was very highly significant
(p < 0.001).
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In the present study, serum and salivary uric acid were
found to be higher in women with severe preeclampsia as
compared with non-severe preeclampsia, but the difference
is statistically nonsignificant (p = 0.124). Our findings
were in line with the several studies (Tejal et al. [20];
Bainbridge et al. [21]). These studies concluded that an
elevation of mean values of serum uric acid correlates with
degree of severity of toxemia and that the levels of serum
uric acid appear to be a sensitive index of the severity of
preeclampsia. In the current study, we observed that there
exists a linear correlation between serum and salivary uric
acid and salivary uric acid reflects changes in the serum.
We therefore assume that salivary uric acid can also be
used as an index of severity of preeclampsia.

In the present study, we also made an attempt to cal-
culate the cutoff value of salivary uric acid for prediction
of preeclampsia. On evaluating salivary uric acid, cutoff
value > 3.350 mg/dl was predicted to be 78% sensitive and
73% specific.

Literature search did not reveal any study to compare
our cutoff value of salivary uric acid for predication of
preeclampsia.

Conclusion

We conclude that uric acid is present in the saliva of
women with preeclampsia and has linear correlation with
serum uric acid. Past studies have proved that serum uric
acid has association with severity of preeclampsia and has
also been used to predict maternal and fetal outcome in
women with preeclampsia. Therefore, we propose that
salivary uric acid can be used in place of invasive serum
uric acid to monitor women with preeclampsia. Saliva
collection is easy, noninvasive, cost-effective requiring
simple instruction for collection. So salivary uric acid
testing may be useful approach for monitoring
preeclampsia at home-based and hospital setting.

Further studies with large sample size are required to
study the levels of salivary uric acid in early pregnancy for
prediction of preeclampsia.
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