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Abstract

Preeclampsia is characterized by new-onset hypertsion, proteinuria and is responsible for
substantial maternal and fetal morbidity. The electrolytes like sodium, potassium and chlorig
contribute significantly in the functioning of the vascular smooth muscles and may play an im-
portant role in the aetiopathogenesis of hypertensn. The present study was undertaken to
evaluate the role of serum ionized sodium, potassiuand chloride levels as a predisposing factor
in the genesis of preeclampsia and to find out thassociation of these elements with blood pres-
sure in preeclamptic pregnant women living in Riyath, Saudi Arabia. One hundred and twenty
subjects were enrolled in this case-controlled stydand divided into three groups; control, high-
risk of preeclampsia (HR) and preeclampsia (PET) off0 each. Blood samples were obtained
from all the patients and the serum levels of sodm, potassium and chloride were determined.
Statistical analysis was performed by one way ANOVAnNnd Pearson’s correlation coefficient. In
preeclamptic group, the mean values of NaK* and CI'were 138.27+2.99, 3.56 + 0.38 and 104.2
+ 3.86 mEQ/L respectively in comparison to contro{135.44 + 2.24, 4.11 + 0.42 and 100.4% 2.43
mEg/L respectively). Raised levels of Naand CI in preeclamptic patients was significant at
p<0.001 level of significance. There was significaipositive correlation between raised sodium
levels and systolic blood pressure (P<0.05), while" showed a significant negative association
with increased diastolic blood pressure. On the o#tr hand, chloride exhibited insignificant cor-
relation with blood pressure. In conclusion, our gidy suggests that hypernatremia and hypo-
kalemia observed in preeclamptic patients bring abat altered homeostatis of these elements in
serum and therefore may act as predisposing factoiia pathogenesis of preeclampsia.
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Introduction dium and potassium contribute significantly in flnac-
tioning of the vascular smooth muscles and may play
Preeclampsia is the most common medical complicatioimportant role in the aetiopathogenesis of hypeiten
of pregnancy. It is also known as pregnancy-induged  which is evident from the use of dietary sodiuntries
pertension (PIH) or toxemia and is one of the legdi tion as one of the prime treatments of high blomsgure.
causes of maternal and perinatal mortality throughtioe
world [1]. 790 maternal deaths per 100,000 livehsir Hypertension results primarily from the interpldyirtter-
have been reported due to preeclampsia [2]. In iSaudal derangements (primarily in the kidney) and e¢kter-
Arabia, the incidence of preeclampsia is extrapolab nal environment. Sodium, the main extracellulaiorat
13,876 out of a population of 25,795,938 [3]. Pla®p- has long been considered the pivotal environméatibr
sia is characterized by development of high bloogsp in the disorder. Numerous studies show an advdfset e
sure (hypertension) and proteinuria after 20 wesdlges-  of a surfeit of sodium on arterial pressure [5,H5].con-
tation and affects about 5-8% of all pregnancigsNdi-  trast, potassium, the main intracellular catiors tsually
merous studies have described the complex depemdertzeen viewed as a minor factor in the pathogenddisg-o
of electrolyte concentrations in normotensive ameep pertension. However, abundant evidences indicdtat t
clamptic pregnant women. Results of some of theormp potassium deficit has a critical role in hypertensand its
tant studies are contradictory. The electrolytée Is0- cardiovascular sequelae [7,8]. In a clinical stuaydiet
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low in potassium (10 to 16 mmol per day) couplethwi Analysisof serum electrolytes

the participants’ usual sodium intake (120 to 20@ah  Serum analysis for Na K'and Cl was determined in
per day) caused sodium retention and an elevation € OBAS INTEGRA Autoanalyzer 800 using |.S.E direct
blood pressure; on average, systolic pressuredseteby potentiometric method. Serum samples were filt¢naor

6 mm Hg and diastolic pressure by 4 mm Hg in norto analysis. 300 ul of serum was appropriately tedu
motensive subjects, and systolic pressure increbged with 1% HNG; and 0.01% Triton X 100 (HPLC grade,
mm Hg and diastolic pressure by 6 mm Hg in hypertenSigma Aldrich) as diluents. All measurements wevg-c
sive subjects [9]. Studies have shown that incngathe  ducted in duplicate. The concentrations of traesnehts
potassium intake of hypertensive rats that wereded analyzed were expressed in mEg/L.

high sodium diets lowered blood pressure, redubed t

incidence of stroke and stroke-related death aedgmted Statistical analysis

cardiac hypertrophy, mesenteric vascular damagd, amhe results were expressed as Mean = S.D. Statistic
renal injury. In view of the above evidences, thespnt analyses were performed using SPSS software. Compar
study was carried out to understand the role feledec- son between the groups was performed by one way
trolytes (N, K" and Cl) in the pathogenesis of pree- ANOVA followed by Holm-Sidak test. Pearson’s coarel

clampsia. tion was performed to determine the effect of etdgtes
(Na’, K*and CI) on gestational age, BMI, systolic and
Materials and Methods diastolic blood pressure (SBP and DBP respectively)

Study Population Results

The study was carried out at College of Applied Med . :
Sciences, and the subjects were recruited from Kimgd N the present study, total of 120 patients weosuged.

; ; ; ; Table 1& 2 reveals the characteristics studied beiwthe
Medical City Hospital, Riyadh from September 2082 t ;
June 2014. A total of 120 pregnant women were ttol [17€€ groups. Mean values of NK"and Clwere 135.44

in this study and divided into three groups of 4gte * 2-24, 4.11 +0.42 and 100.4+ 2.43 mEq/L respebfiv

: j trol and 135.23 + 2.22, 4.00 + 0.40 & 102.24+
healthy normotensive pregnant women (Control gr;oup)|n con ; . ’ .
pregnant women at high risk of preeclampsia (HRigyo 2.61mEqg/L respectively in HR group. In preeclamptic
and women with preeclampia (PET groupll study sub- g;%ug, +t2hg 9 mgargﬂ\)/%!ges OfO N;é Bgnd C} were
jects were attending antenatal OPD or labor roomheir l :27%2.99, 3.56+ ~ & 104.2+3. ; mEg/L respec-
third trimester of pregnancy. The study was apmidve tively. _The levels of Nawere_ found to increase signifi-
hospital's ethics committee. Informed consent whs o cantly in HR_and preec_lamptlc group compared_ tatrobn
tained from patients before blood sampling. (p<0.001). Like N& CI levels were found to increase

significantly (p<0.001) in PET group compared tatrol

Inclusion criteria and p<0.05 was observed between HR and PET group.

Control- pregnant women with normal BP, absence opnlike Na and Cl1, serum levels of Kdecreased signifi-
proteinuria and without any other systemic or emigec Ccanty (p<0.001) in PET group compared to conttol.

disorder and age-matched with the cases. Al stebjecHR group also, Klevels were found to decrease signifi-

included were in their third trimester (gestatioagke of cantly (p<0.001) when c_omp_ared with PET. One way
>24 weeks). ANOVA showed overall significance of p<0.001 fof-di

ference in levels of NaK" and Clamong the control and
. . o . cases. The data was further analyzed by Pearsona-c
High-Risk group- Women in high risk group were Wi |ation in order to determine the effect of materage,

ed based on the following criteria: pregnant wometh  gestational age, BMI, systolic and diastolic bipoessure

body mass index (BMI) of 35 or more, with mild hype oy serum trace elements in preeclamptic group €rapl
tension or those with preeclampsia, gestationdbedes,

IUGR (intrauterine growth restriction) or pre-tedeliv-  There was positive significant correlation betwean

ery in previous pregnancies and those with famigyony  creased sodium levels and SBP (r=0.37,P<0.05), ClI

of preeclampsia. showed an insignificant positive association wiBPSand
DBP; while K" showed a significant negative association

group were based on the definition of American @l With SBP and DBP in preeclamptic group is shown in
of Obstetrics and Gynecologists [10]. Figure 1 &2.

Exclusion criteria I nter-element correlationsin preeclamptic group

Patients with congestive heart failure, kidney asse Inter-element correlation for the analyzed elements
thyroid and parathyroid disorders, cirrhosis of thwer  preeclamptic group was performed using pearsonmg-cor
and alcoholics were excluded from the study. lation and represented in Table 4. Inter-elemeatyais
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Na’and Clin preeclamptic women. However, the correla-

between K and Clwhereas positive correlation betweention was not statistically significant.

Table 1. Levels of serum electrolytes among the groups

Control group

High risk (HR) group Preeclamptic group

(n=40) (n=40) (n=40)
SBP (mmHg) 113.56 +13.93 124.7 +16.21 167. 0 £24.43
DBP (mmHg) 67.66 £9.38 74.45 +£19.14 98.51 +11.16
Serum Sodium (mEg/L) 135.44 +2.24 135.23 £2.22 8.23+2.99
Serum Potassium (mEg/L) 4.11 +0.42 4.00 £ 0.40 63.6.38
Serum Chloride (mEg/L) 100.4+ 2.43 102.24+ 2.61 104.2 £ 3.86
Serum Osmolality (Mosm/kg) 265.8:4.32 268.87+3.6 27242.5

Values are expressed as mean +SD

Table 2. Comparison of the clinical characteristics betwélem groups by ANOVA

Control with High risk group Control group
high risk group with Preeclampsia with Preeclampsia
t p t P t P
SBP (mmHg) 2.63 0.01* 10.07 < 0.001* 12.64 <@vo
DBP (mmHgQ) 2.16 0.033* 7.66 < 0.001* 9.762 <80
Serum Sodium (mEg/L) 0.39 0.69 5.63 <0.001* 5.23 0.601*
Serum Potassium(mEg/L) 1.42 0.15 5.79 <0.001* 7.21 <0.001*
Serum chloride (mEg/L) 2.79 0.007** 3.03 0.007*  5.82 < 0.001*
Serum Osmolality (Mosm/kg) 4.83 < 0.001* 5.98 <0.001* 10.82 <0.001*
*p < 0.001 and **p < 0.05
Table 3. Correlation of Gestational age, BMI, Systolic an&olic blood pressure with
electrolytes in preeclamptic group
Sodium Potassium Chloride
r (p value) r (p value) r (p value)
Age(years) 0.10(0.52) -0.11 (0.46) -0.29(0.06)
Gestational age(weeks) 0.11(0.49) 0.07 (0.63) 0.23]
BMI(kg/m?) 0.18(0.24) 0.30 (0.05) -0.10(0.50)
SBP(mmHQ) 0.37(0.018)** -0.06 (0.69) 0.28 (0.07)
DBP(mmHQ) 0.15(0.34) -0.006 (0.96)** 0.25(0.11)
(-) negative correlation;**p < 0.05
Table 4. Interrelationship between trace elements in preagac group.
Correlation parameters Control group PET group
r p value r p value
Na" and K -0.19 0.23 -0.2 0.21
Na" and CI 0.17 0.27 0.06 0.68
Cland K -0.05 0.72 -0.05 0.75
(-) negative correlation
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Figurel. Regression graph showing correlation of NK" and CI with SBP in preeclamptic group.
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Figure 2. Regression graph showing correlation of NK"and CI with DBP in preeclamptic group.

located extracellularly. This preferable locatidrsodium
and potassium depends on the active transport ef th
Preeclampsia has been termed the “disease of ¢isgori Na+/K+ ATPase or sodium pump. Pregnancy induced
because of the multiple hypotheses that have bemn p hypertension may be an early sign of abnormalityhi
posed to explain its occurrence [11].The etiolofpree- transport of sodium and potassium across the vascul
clampsia is yet to be fully elucidated despite wfnerous smooth muscle cell membrane, which is responsitie f
studies that have done. Preeclampsia is accompéayied regulation of blood pressure [13].

amplification of the sodium retention and substdrgi-

Discussion

terations in intracellular water and electrolytencentra-
tion. These changes are related to changes inmasit-

In the present study, there was significant ina@eéasNa+
levels in preeclamptic patients compared to norsogd-

branes, which appears to be responsible for sorti®pa jects. Hypernatraemia observed in this group cbeldue

logical changes in preeclampsia. Some of the best-d
mented alterations involve changes in handlingodfisn
ion both on the systemic and intracellular levé]]

Of the total body content of potassium in huma@8/ 9s

to sodium retention. Sodium retention, by meanshef
release of digitalis-like factor, and potassiumiaiefor
hypokalemia inhibit the sodium pump of arterial amte-
riolar vascular smooth-muscle cells, thereby ingireg
the sodium concentration and decreasing the patassi

sequestered inside the cell and sodium is predariyna concentration in the intracellular fluid [14]. Asresult,
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hypokalemia inhibits potassium channels in the celpressure in this environment. Therefore, basecherrd-
membrane and depolarizes the membrane. Because of sults obtained in this study, it cannot be congklyi said
electrogenic nature, the inhibition of the sodiunmp  that raised sodium levels has a definite role &y jih the
itself decreases the membrane potential. Membrape-d etiopathogenesis of preeclampsia, but the findingg be
larization in the vascular smooth muscle cells s suggestive of a possible role, may be as a preslispo
further rise in intracellular calcium by activatingltage- factor or as a risk factor in already predisposetividu-
dependent calcium channels in the membrane, calciuals.
channels in the sarcoplasmic reticulum, and theusod
calcium exchanger [15]. The increased cytosolicioad  Fewer studies have performed to study the involverog
caused by these mechanisms triggers contractidheof chloride in pathogenesis of preeclampsia. In tresemt
vascular smooth muscles thereby raising blood press study, there was significant increase in levelsestim CI
The role of sodium in etiopathogenesis of preeckanp in preeclamptic group. Increased presence of seflim
therefore remains indeterminate. The mild hypeasatr may result in increased osmolality leading to sepped
mia observed in preeclamptic pregnant women of thidilatation of vessels [23]. Role of chloride in lyfension
study may suggest that sodium may likely play & ol is not clearly understood.
the etiopathogenesis of preeclampsia in this pdpulaf
Riyadh region. On inter-element analysis between the electroltiedied
in the present study, we observed that Was positively
The statistically significant decrease ifi lévels observed correlated with Cland negatively with K This associa-
in preeclamptic group in this study is in accordamgth  tion of Na with K* could be due to Kdepletion. Potas-
reported by Anjum et al. [16]. Hypokalemic changes Sium depletion also decreases sodium excretionarapp
normal pregnancy may be due to increased plasnedslev ently through changes in proximal or loop sodiurabre
of aldosterone and other mineralocorticoids (1%gtaB- sorption in kidney which results in elevation obdd
sium deficit in body is due to inadequate conséwaof ~ Pressure [24].
potassium by kidney and alimentary canal, fecaago
sium losses can exceed even urinary losses [18d@n  conclusion
trary, Khan and Obeme et al. observed no signifidén

ference in levels of these electrolytes in preeplaan e present study concludes that in preeclampégrant

women [18,19]. Hypernatremia and hypokalemia obsyyomen of Riyadh region of Saudi Arabia, there Hue

served in this study on preeclamptic pregnant Wopfen (s, in serum potassium and increase in sodiumseRii
Saudi Arabia is in accordance_ with that o_bseryetﬂ%b@a sodium and decreased potassium levels may havesi po
etal. and Yussif et al. on India and Iraqi popofs re- e role 1o play in the etiopathogenesis of preepkia.
spectively [17,_20]. They reported significant dl!ﬁace I Sodium and potassium may act as predisposing fotor
serum potassium levels between hypertensive prégnags yisk factors especially in predisposed indivisiuga-
women and normotensive pregnant women. Based Qfgr than major causative factors. Further studiels
results obtained in our study and hypothesis gilgn oo to be carried out. On the basis of the reilesy-

Yussif et al. we assume that the raised sodium &ve 55 \women are advised to consume diet contairdeg a
low potassium Ievgl in hypertensive _pregnant_womer&]uate amount of potassium and low sodium.
could be a causative agent of gestational hypedens

Therefore, the status of electrolytes in preeclaanpgy
vary in different population and environment. Acknowledgements
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When N4, K" and Cllevels were correlated with systolic
and diastolic blood pressure, we found that theas pos-
itive correlation between Nand blood pressure in pree-
clamptic group. This type of positive correlatioasvalso
observed by Ejike and Ugwuin on a population of-non
urban dwelling Nigerians where significant corriglat
between urinary sodium and diastolic blood pressias
reported [21]. On the other hand, negative colmiavas
observed between *Klevels and blood pressure in this
study. In another population of Africans in the iara References
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studies reflect an association between sodium #wwtb
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