
Page 1/14

Dysnatremia in Covid -19 Disease Characteristics of
Patients, Clinical Manifestation and Outcome in
Pakistan.
Faiza Saeed  (  faiza_saeed_1@hotmail.com )

The Indus Hospital
Ashar Alam 

The Indus Hospital
Shoukat Memon 

The Indus Hospital
Javeria Chughtai 

The Indus Hospital
Shahzad Ahmed 

The Indus Hospital
Sobia Tariq 

The Indus Hospital
Beena Salman 

Kidney Centre
Salman Imtiaz 

The Indus Hospital

Research Article

Keywords: Dysnatremias, Hyponatremia, Hypernatremia, covid 19, Pakistan. Electrolytes imbalance

Posted Date: March 2nd, 2021

DOI: https://doi.org/10.21203/rs.3.rs-251233/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

https://doi.org/10.21203/rs.3.rs-251233/v1
mailto:faiza_saeed_1@hotmail.com
https://doi.org/10.21203/rs.3.rs-251233/v1
https://creativecommons.org/licenses/by/4.0/


Page 2/14

Abstract
Background.

Imbalance of serum sodium in the form of hypo and hypernatremia has bad prognostic impact, and
linked with increase morbidity and mortality. Covid 19 is a deadly viral infection can be complicated with
either of the two state. This increases the complications associated with the covid 19 infection.

Material and method.

This is the observational cohort study, conducted at The Indus Hospital Karachi, from March 2020 to
September 2020. All patients were divided in to three groups on the basis of their serum sodium level, and
distribution of variables was observed in all these three groups. To observe the effect of dysnatremias on
outcome, binary logistic regression was run and odds ratios with 95% con�dence interval were obtained.

Results.

We included 655 patients, in which 70.7% were male, while 29.3% were female. Mean age was 54 ± 15.5
with minimum of 1 year and maximum of 95 year.  Hyponatremia was more common 154(23.5%) than
hypernatremia 79(12.1%) patients. Dysnatremia were common in patients of age group of 51 – 65 years
(Hyponatremia 72(46.8%) hypernatremia 36(45.6%). Hyponatremia didn’t show any signi�cant effect on
the clinical manifestation, critical illness and outcome of the patients except drowsiness (p=0.022). On
the other hand hypernatremia had highly signi�cant effect on clinical manifestation, critical illness and
outcome of the patients. The patients who had hypernatremia died 16.8 times more than patients with
normal sodium (p= 0.001).

Conclusion.

Dysnatremias has profound impact on the outcome of covid patients. We found development of
hypernatremia has devastating effect on patient survival.

Background:
Water imbalance leading to Dysnatremia is the most common electrolyte disturbances observed in
clinical medicine. Two different pathways control this tightly regulated mechanism, these include
osmoregulation via ADH and volume regulation via RAAS and natriuretic hormones. Water and sodium
balance are regulated independently by these pathways which prevents large changes in plasma
osmolality and the effective circulating volume. Severe sodium disorders are related with increased
morbidity and mortality (1), even mild hyponatremia, especially when it complicates conditions, such as
heart failure and sepsis (2).

Hyponatremia is much common (50%) amongst hospitalized COVID-19 patients than expected (3),and a
recent study further suggested that serum sodium concentration was inversely correlated with IL-6, and
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association of hyponatremia with a more severe outcome of COVID-19 disease (4). Similarly,
Hypernatremia in patients treated in medical intensive care units (ICUs) varied between 6% and 26% (5).
During the treatment of patients with severe coronavirus disease 2019 (COVID-19), there was a frequent
development of treatment -resistant hypernatremia possibly due to diuretics and steroids use as a part of
covid − 19 infection treatment(6).

The impact of covid − 19 is different all over the world, Pakistan has relatively low prevalence of disease
as up till now 530,818 cases have been detected, while total number of closed cases, 495,755 had an out
come out, of which 484,508(98%) recovered and 11,247(2%) died. In contrast to France with 3,011,257
cases detected, with total number of 288,469 closed case which had an outcome, 215,822 (75%)
Recovered 72,647 (25%) patients died (7). Covid-19 is highly infective organism now is equipped with
mutational characteristics. It can lead to a potentially lethal pneumonia which can cause mortality in
hospitalized patients as high as 20.3–27.9% (8, 9). The association of hyponatremia and hypernatremia
with viral infection and sepsis needs to be explicate and its relation with poor prognosis in patients
admitted with Covid − 19 need to be unravel.

The primary objective of this study was to �nd out, whether dysnatremias are associated with age,
comorbid conditions, mechanical ventilation, vasopressor support and death.

Till date very sparse data is available regarding sodium disorders associated with Covid-19. We
conducted this study to determine the varying degree of sodium imbalance among patients with Covid-19
and identify the outcome associated with it in our region.

Material And Method:
This is an observational cohort study of all patients admitted in Indus Hospital Covid ICU with a
con�rmed diagnosis of Covid pneumonia by RT-PCR from 1st March 2020 to 30th Sep 2020. Patients
who do not have complete data were excluded. Permission from the institutional ethical review
committee was taken prior to conduction of the study. History, clinical examination, laboratory
investigations were acquired from the Health Management Information System (HMIS) record of the
patients admitted in Covid ICU of The Indus Hospital Korangi, Karachi. Data was collected on a structured
proforma which included variables like age, gender, comorbid conditions, clinical presentation,
hemodynamic status and lab parameters. Outcome of the patients like discharge or death was noted.

Statistical analysis:
The data was entered and analyzed on IBM, SPSS version 21. Cleaning and ordering of data was done
prior to analysis. Mean ± STD were computed for continuous data while frequency with percentage were
obtained for categorical data. All patients were divided in three groups according to their sodium status
(Eunatremia, hyponatremia and hypernatremia) and distribution of variables was observed in these three
groups. Age of the patients was also categorized in three groups, and age group of 17–50 years was
taken as reference category for other age groups in logistic regression. To observe the effect of hypo and
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hypernatremia on outcome, critical illness of the patients, drowsiness, and confusion, binary logistic
regression was run and odds ratio with 95% con�dence interval were obtained. Similarly, logistic
regression was also run to calculate the amount of effect of different variable like age, acute kidney injury
(AKI), co morbid conditions and volume status on sodium. P value of ≤ 0.05 was considered signi�cant.

Results:
There were total 655 patients in our study in which 463(70.7%) were male, while 192(29.3%) were female.
Mean age was 54 ± 15.5 with minimum of 1 year and maximum of 95 year. In terms of clinical
presentation, most of our patients with dysnatremias were euvolumic and asymptomatic Fig. 1A & 1B.

The patients who had hypernatremia were 79(12.1%), while hyponatremia was present in 154(23.5%)
patients, on the other hand 422(64.4%) patients had normal range of sodium. Dysnatremia were common
in patients of age group of 51–65 years (Hyponatremia 72(46.8%) hypernatremia 36(45.6%), as
compared to other age groups. Among co morbid conditions hypertension (HTN) was the most prevalent
comorbid 380(58%) and hypertensive patients had more hyponatremia and hypernatremia, as compared
to normotensive patients. Similarly the diabetic patients also had more hypo and hypernatremia than
non-diabetics. Multi organ dysfunction is a manifestation of severe covid and in our cohort AKI was the
most occurring complication, encountered by 209(31.9%) patients and hypernatremia was widespread in
this group of the patients 53(67.1%) as compared to non AKI patients26(32.9%) Table 1a.

Critically ill patients who needed ventilatory and vasopressor support were 182(27.8%) and 194(29.6%)
respectively, and hypernatremia was more common in these patients as compared to non-critical
patients. (Ventilatory support 53[(67.1 %) vs 26(32.9%) and vasopressor support57 (72.2%) vs
22(27.8%)]. Likewise hypernatremia was more frequent in patients who died 69(87.3%) than patients who
recovered 10(12.7%).Table 1b

Effect of demographic and comorbid variables on
Hyponatremia
Age, Diabetes mellitus (DM) and ischemic heart disease (IHD) were risk factors for developing
hyponatremia in covid − 19 patients. The patients in age group of 51–65 years suffered hyponatremia
1.6 time more than patients of age group of 17–50 years(p < 0.039). Similarly, patients of age > 65 years
had 1.9 times more at risk for hyponatremia than 17–50 years of age group (p = 0.015). The risk of
hyponatremia in diabetics was 1.6 times than non-diabetics (p = 0.009). Similarly the patients with IHD
developed hyponatremia 1.9 times more than patients without IHD (p = 0.005). Table 2

Effect of demographic and comorbid variables on
Hypernatremia
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In parallel with hyponatremia, hypernatremia was not only affected by the older age and DM, but with
HTN, AKI and Thromboembolic event (TEE) also. The age group of 51–65 years had greater risk of
hypernatremia about 2.2 times than the age group of 17–50 years (p = 0.017). Same as patients of > 65
years of age had 3.7 times more hypernatremia than patients of age of 17–50 years (p < 0.001).
Hypertensive patients suffered with hypernatremia 1.9 times higher than normotensive (p = 0.015).
Similarly, DM also 1.8 times more effect on hypernatremia than non-diabetic (p = 0.014). Presence of AKI
in covid patients had 5.5 times more at risk for development of hypernatremia than non AKI patients (p < 
0.001). Likewise patient with TEE had 3.8 times more hypernatremia than patients without TEE (p = 
0.001). Patients with hypovolemic status had 3.9 times more hypernatremia than patients with
euvolumia (p < 0.001) Table 2.

Effect of Dysnatremia on clinical status and outcome of the
patients.
Hyponatremia didn’t show any signi�cant effect on the clinical manifestation, critical illness and outcome
of the patients except drowsiness, as patients who had hyponatremia developed drowsiness 2 times
more than the eunatremic patients (p = 0.022).(Eunatremia was the reference category)

On the other hand hypernatremia had highly signi�cant effect on clinical manifestation, critical illness
and outcome of the patients. The patients who had hypernatremia died 16.8 times more than patients
with normal sodium (p = 0.001). Similarly, patients with hypernatremia needed vasopressors support 7.7
times more than the eunatremic patients (p < 0.001). Patients with hypernatremia required 6.4 times more
ventilatory support as compared to the patients with normal level of sodium (< 0.001). Likewise,
hypernatremic patients were also 6.6 times more drowsy than eunatremic patients (p < 0.001). Confusion
was also 7.6 times higher in hypernatremia than eunatremic patients (p < 0.001) Table 3.

Discussion:
This is the �rst study from this country, reported the sodium disorder in Covid − 19 patients admitted in
Covid-19 facility at Indus Hospital Karachi.

This study showed that the higher age, HTN, DM, IHD, AKI, TEE and Hypovolemia had devastating impact
on sodium balance. We found that hyponatremia was more prevalent than hypernatremia 23%vs 12.1%,
but hypernatremia has catastrophic effect on patient’s survival as compared with hyponatremia. There
are reason for it, as we know that higher age impairs water metabolism, there is relative as well as
absolute reduction in total body water, which makes elderly population distinctly inclined to developed
dysnatremias (10). Ageing, not only impair the thirst mechanism (11), but it also reduce the concentrating
capability of kidneys which increases the risk of dehydration and hypernatremia (12).On the other hand
their ability to excrete water load is also hamper, this predisposition contributes to the commonly
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observed episode of hyponatremia in elderly hospitalized patients who received hypotonic �uid without
proper monitoring (13).

We found signi�cantly higher number of DM patients with both conditions in our population like other
study in which, DM is a well-known cause of dysnatremias (14). In an another study of 113 patients
Liamis et al found poorly controlled sugar level was the major factor in the development of
hypernatremia in one third (34%) of their patients. The possible explanation of this observation is the
glycosuria induced osmotic diuresis, which tends to raise the serum sodium levels. Steroids are the
mainstay of covid 19 therapy, which has dual effect on the generation of hypernatremia, steroids tends to
raise the blood sugar level and make it di�cult to control, causes osmotic diuresis, concomitantly, they
have mineralocorticoid activity which retain sodium and causes hypernatremia. Similarly, hyponatremia
can also develop in DM patients by various mechanisms. Firstly, hyperglycemia causes water shift from
intracellular to extracellular space causes translocational hyponatremia. Secondly, excessive thirst
causes increase water intake and in the background of covid pneumonia, an increase surge of
antidiuretic hormone can cause hyponatremia. (15).

In our study, hypertension was signi�cantly associated with hypernatremia, although hyponatremia was
also common but didn’t reach to a signi�cant level. Ruiz and Cuesta in HOPE-COVID-19 registry analysis
also found signi�cant association of hypernatremia in hypertensive patients, the mechanism of this
�nding is not evident and it will need further evaluation (16). The hyponatremia on the other hand is also
reportedly associated with covid hypertensive patients. The underlying mechanism is supposed to be an
increased proin�ammatory cytokine release like interleukin (IL)-6 induces antidiuretic hormone (ADH)
production by direct non osmotic stimulation of ADH. Indirect stimulation of IL-6 is mediated by an injury
to the alveolar basement membrane, resulting in activation of hypoxic pulmonary vasoconstriction
pathway that lead ADH release61 (17).On the contrary, IHD was signi�cantly associated with
hyponatremia than hypernatremia. This association is also reported in HOPE –COVID-19 registry (16)

In our population, sodium metabolism was affected by the complications of covid-19 infection, like AKI
and TEE. We found that, the patients who had AKI developed hypernatremia 5.5 times more as compared
to those who did not have AKI. Sjöström and Rysz examined the value of sodium as a prognostic marker
for length of hospitalization, AKI and mortality in a cohort of 223 critically ill patients with covid 19. They
found patients who developed AKI developed severe hypernatremia along with high mortality (18).
Similarly, TEE are well known complication of Covid 19 infection and we found this complication in those
who have hypernatremia. The underlying pathophysiology of this macro and micro thrombi in small
vessels is not clear and it needs further study (19). Multiple small studies in which critically ill patients
with COVID-19 were routinely screened for thrombotic disease demonstrated high rates of thrombotic
complications in these patients ranging from 69–85% despite thrombo prophylaxis (20, 21, 22).Similar to
this we also observed hypernatremia leaded to critical illness like need of vasopressor and ventilatory
support and high mortality. In a case series of covid patients with hypernatremia Zimmer et al found
similar observation of increased ventilatory support along with increased ICU stay (5). On the other hand
we didn’t �nd any signi�cant effect of hyponatremia on severity of disease. However in a registry analysis
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Sanchez et al found hyponatremia as an independent risk factor for an increase in mortality as well as
for an increase in the development of sepsis and requirement for intensive therapy. The reason of their
�nding might be due to relatively larger sample size of their study (16).

In conclusion, we found dysnatremias are frequent feature of covid 19 infection. The risk factors for this
are older age, comorbid conditions and development of complications. Among the dysnatremias,
hypernatremia had distressing impact on severity of disease and outcome.
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Table 1(a)

Distribution of demographic and clinical parameters of patient according to sodium levels n(%)=655
Variables Eunatremic

422(64.4)  
Hyponatremic
154(23.5) 

Hypernatremic79(12.1) Total
655(%)

 

 

Age(years) ≤ 50 171(76) 40(26) 14(17.7) 225(34.4)  

51-65 175(41.5) 72(46.8) 36(45.6) 283(43.2)  

>65 76(18) 42(27.3) 29(36.7) 147(22.4)  

Gender Male 299(70.9) 102(66.2) 62(78.5) 463(70.7)  

Female 123(29.1) 52(33.8) 17(21.5) 192(29.3)  

Comorbid of patients  

HTN Yes 225(53.5) 99(64.3) 56(70.9) 380(58)  

No 197(46.7) 55(35.7) 23(29.1) 275(42)  

DM Yes 167(39.6) 84(54.5) 46(58.2) 297(45.3)  

No 225(60.4) 70(45.5) 33(41.8) 358(54.7)  

IHD Yes 58(13.7) 39(25.3) 19(24.1) 116(17.7)  

No 364(86.3) 115(74.7) 60(75.9) 539(82.3)  

Complications of Covid 19 infection  

AKI Yes 103(24.4) 53(34.4) 53(67.1) 209(31.9)  

No 319(75.6) 101(65.6) 26(32.9) 446(68.1)  

CCF Yes 17(4) 8(5.2) 5(6.3) 30(4.6)  

No 405(96) 146(94.8) 74(93.7) 625(95.4)  

TEE Yes 13(3.1) 8(5.2)10(12.7) 10(12.7) 31(4.7)  

No 409(96.9) 146(94.8) 69(87.3) 624(95.3)  

HTN Hypertension, DM Diabetes mellitus, , IHD Ischemic heart disease, 
AKI Acute kidney injury , CCF Congestive cardiac failure, TEE Thromboembolic event
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Table 1(b)

Distribution of clinical parameters of patients according to sodium levels n(%)=655
Variables Eunatremic

422(64.4) 
Hyponatremic
154(23.5)

Hypernatremic
79(12.1)

Total   
655

 

 

Volume
status

Euvolumic 382(90.5) 128(83.1) 61(77.2) 571(87.2)  

Hypovolemic 13(3.1) 13(8.4) 12(15.2) 38(5.8)  

Hypervolumic 27(6.4) 13(8.4) 6(7.6) 46(7)  

Drowsiness Yes 31(7.3) 21(13.6) 27(34.2) 79(12.1)  

No 391(92.7) 133(86.4) 52(65.8) 576(87.9)  

Confusion Yes 33(7.8) 19(12.3) 31(39.2) 83(12.7)  

No 389)92.2) 135(87.7) 48(60.8) 572(87.3)  

Vomiting Yes 31(7.3) 18(11.7) 6(7.6) 55(8.4)  

No 391(92.7) 136(88.3) 73(92.4) 600(91.6)  

Ventilatory
support

Yes 102(24.2) 27(17.5) 53(67.1) 182(27.8)  

No 320(75.8) 127(82.5) 26(32.9) 473(72.2)  

Vasopressor
support

Yes 106(25.1) 31(20.1) 57(72.2) 194(29.6)  

No 316(74.9) 123(79.9) 22(27.8) 461(70.4)  

Outcome Died 123(29.1) 35(22.7) 69(87.3) 227(34.7)  

Recovered 299(70.7) 119(77.3) 10(12.7) 428(65.3)  
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Table 2

Effect of age and clinical variables on hypo and hypernatremia in covid 19 infection
Variables HYPONATREMIA HYPERNATREMIA  

Odds
Ratio

95% CI  
Lower-
Upper

p
value

Odds
Ratio

95% CI        
Lower-Upper

p
value

 

 

Age(years) ≤ 50 1 1   1 1    

51-65 1.6 1.0 - 2.4 0.039 2.2 1.2 - 4.2 0.017  

>65 1.9 1.1 - 3.1 0.015 3.7 1.9 - 7.3 <0.001  

HTN Yes 1.4 0.97- 2.1 0.072 1.9 1.1- 3.2 0.015  

DM Yes 1.6 1.13 - 2.3 0.009 1.8 1.1 - 2.9 0.014  

AKI yes 1.2 0.79 - 1.7 0.446 5.5 3.3 - 9.1 <0.001  

IHD Yes 1.9 1.2 - 2.9 0.005 1.6 0.9 - 2.7 0.118  

CCF Yes 1.2  0.5 -2.7 0.677 1.5 0.55 - 4 0.431  

TEE Yes 1.1 0.49 - 2.6 0.78 3.8 1.7 - 8.5 0.001  

Volume
status

Euvolumia 1 1   1 1    

Hypovolemia 1.8 0.89 - 3.6 0.099 3.9 1.9 - 8.0 <0.001  

Hypervolumeia 1.4 0.69 - 2.7 0.365 1.3 0.511 - 3.1 0.62  

HTN Hypertension,  DM Diabetes mellitus, AKI Acute kidney injury, , IHD Ischemic heart disease,
CCF Congestive cardiac failure, TEE Thromboembolic event
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Table 3

Effect of Dysnatremia on disease severity in covid 19 infection
Variables Odds Ratio 95% CI Lower-Upper p vale  

 

Hyponatremia Death 0.72 0.46-1 0.127  

 Vasopressor need 0.75 0.48-1.2 0.214  

Ventilatory support 0.67 0.42-1.1 0.092  

Drowsiness 2 1.1- 3.6 0.022  

Confusion 1.7 0.9 - 3.0 0.097  

Hypernatremia Death 16.77 8.4-33.6 0.001  

 Vasopressor need 7.7 4.5-13.2 <0.001  

Ventilatory support 6.4 3.8-10.8 <0.001  

Drowsiness 6.6 3.6-11.8 <0.001  

Confusion 7.6 4.3 - 13.5 <0.001  

Figures
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Figure 1

In terms of clinical presentation, most of our patients with dysnatremias were euvolumic and
asymptomatic


