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Abstract

Background: Disturbance of sodium and potassium chemistry is commonly present during an emergency medical admission; we analyse the interaction
of these ions and relate K’/ Na*Ratios to hospital mortality outcomes.

Methods: All emergency medical admissions between 2002 and 2017 were studied. We log transformed sodium and potassium values and calculated
their respective ratios as a predictor of 30-day mortality outcomes using a multivariable logistic model.

Results: There were 106,586 admissions in 54,928 patients. Patients with higher K'/ Na* ratios at admission were older at 66.5 years (IQR 47.0-79.3)
compared with 59.0 years (IQR 39.9-75.5) and more likely to be female (51.9% vs. 45.5%). They had a higher 30-day hospital mortality rate — 5.4% vs
3.5% (p<0.001). Across consecutive deciles of K, rising admission levels linearly predicted outcomes unlike Na*where falling levels linearly predicted
an increased mortality. Disturbed K*/ Na*balance (log ratio) was prognostic — 30-day mortality OR 1.12 (95%CI 1.11-1.13). Increasing age predicted an
increased likelihood of an abnormal K*/ Na*balance.

Conclusion: Disturbed K*/ Na* is linearly predictive of 30-day hospital mortality and is strongly age associated; possibly it is a consequence of Na*

leaving the extracellular space (ECF) and K* transit to the ECF due to impaired cellular membrane homeostatic function.
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Introduction

An emergency hospital admission with an urgent clinical
condition requiring immediate or specialist management [1] is a
high risk period but has shown improved outcomes over time [2,3]
particularly since the establishment of Acute Medical Admission
Units [4,5]. Risk management of critical admissions requires reliable
predictors and there has been debate regarding disturbance of sodium
[6-10] and potassium homeostasis [11,12] in this regard.

In terms of sodium levels, abnormalities in the laboratory range
are said to occur in about 15% of hospitalized patients [7]; a U-shaped
curve is described with major morbidity and mortality at the extremes
of the sodium distribution in many patient groups including general
internal medicine patients (13-15). Hyponatraemia in particular
is prognostic for specific groups of patients with cardiovascular
disease, such as congestive heart failure [16,17] but also for patients
with pulmonary hypertension [18]. In terms of potassium levels,
a U-shaped curve for mortality is also described with lowest all-
cause mortality for potassium values between 4.0 and <5.0 mEq/L.
[19]; in a geographically diverse population (n = 911,698) 27.6%
had a potassium <4.0 mEq/L, and 5.7% had a value > 5.0 mEq/L. A
further commentary on two large studies, of the relationship between
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cardiovascular outcomes and potassium levels, noted that there were
not a significant association between hypokalaemia and mortality in
the fully adjusted Cox model, but there was a trend toward higher
mortality at lower serum potassium [20].

The problem with such analyses is that the conclusions drawn will
not be identical if based on a unit versus a frequency based analysis.
The unit based analysis (by K* / Na* interval) is unintentionally biased
as some intervals may contain small numbers who are actually outliers
in the distributions; the results in generalisation from the specific to
the general population. However, a decile based analysis for sodium,
indicated that, for emergency medical admissions, the highest quantile
(decile) had the lowest mortality risk and that mortality progressively
increased over every other decile [21]. As a generality, the same
applies to potassium except that rising deciles determine worse
outcomes. The exception, dictating bad outcomes for a few, should not
confuse an overall understanding of the mortality relationship to the
admission levels of sodium and potassium. We have previously shown
that mortality is far more influenced by other factors such as the
Acuity Illness Severity Score (AISS) [22,23], sepsis status [24] and the
overall burden of disease as reflected by summative comorbidities -
Charlson Comorbidity Index [25] or Chronic Disabling Disease Score
[26]. In this paper we consider the relevance of the balance between
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potassium and sodium, at time of an emergency medical admission,
in determining 30-day mortality in over 100,000 emergency medical
admissions and draw inferences from these findings.

Methods

Background

St James’s Hospital, Dublin serves as a secondary care centre
for emergency admissions in a catchment area with a population of
270,000 adults. All emergency medical admissions were admitted from
the Emergency Department to an AMAU, the operation and outcome
of which have been described elsewhere [2,3,27,28]. As a city centre
hospital St James’s admits persons resident elsewhere but working
in the capital in addition to visitors to Dublin who became acutely
ill. The number of emergency medical admissions resident in the
catchment area was 74.5%; this compares with a figure of 59% for ED
presentations where the social influences on emergency department
visitations on two London hospitals have been examined [29].

Data Collection

During any emergency hospital admission information on the
clinical episode is entered into the Patient Administration System
(PAS), admission metrics are determined and entered into the
emergency room database and following admission data is recorded on
the patient electronic record, different laboratory systems; abstracted
data is subsequently processed by dedicated staff for downloading
to the National Hospital In-Patient Enquiry (HIPE) scheme. HIPE
is a national database of coded discharge summaries from acute
public hospitals in Ireland [30,31]. International Classification of
Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) has
been used for both diagnosis and procedure coding from 1990 to
2005 with ICD-10-CM used since then. Data included parameters
such as the unique hospital number, admitting consultant, date of
birth, gender, area of residence, principal and up to nine additional
secondary diagnoses, principal and up to nine additional secondary
procedures, and admission and discharge dates. We in 2002 designed
programs to extract the HIPE data and admission biochemistry and
haematological variables (linked via the Medical Record Number)
to monitor the performance of the Acute Medical Admission Unit.
These data were then anonymized using an ID sequence and the MRN
to link the data that is held on our system in multiple separate files.
These files are assembled into memory at time of statistical analysis
(using Stata coding). The data does not exist as a discrete database;
it is updated annually and is a closed system accessible only by the
Principal Investigators. GDPR does not apply to anonymous datasets.

Acute Illness Severity Score

Derangement of biochemical parameters may be utilised to
predict clinical outcome. We derived an AISS based on laboratory
data - this is an age adjusted 30-day in-hospital mortality risk
estimator, representing an aggregrate laboratory score based on
the admission serum sodium, serum potassium, serum urea, red
cell distribution width, white blood cell count, serum albumin and
troponin values at admission (23, 32); the score predicts 30-day in-
hospital mortality from the biochemical parameters recorded in the
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Emergency Department (33). The AISS can be enhanced with data
from the ICD9/10 discharge codes to compute Co-Morbidity (as per
the Charlson Index (25)) or Disability (26) status. This Risk Score is
exponentially related to the 30-day mortality outcome with a range of
mortality outcomes from 0.5% (0.40%-0.53%) to 39% (37.8%-40.2%).
We have demonstrated using a nomogram that this laboratory model
derives most of its predictive power from the admission values of
albumin, urea and haemoglobin (34).

Comorbidity Instrument

Hospital HIPE codes [30,31] were interrogated to construct a
measure of multi-morbidity. To devise the score, we searched ICD9
hospital episode discharge codes (back-mapping ICD10 codes to
ICDY as appropriate) based on the definition proposed by the US
Department of Health and Human Services for chronic physical
or mental health disorders, that limit people ‘in activities that they
generally would be expected to be able to perform. These ICD codes
were similar to those proposed by the Canadian group for multi-
morbidity (35) and the work of Quan [36,37]; they were grouped
by system into the following ten groups: (i) cardiovascular, (ii)
respiratory, (iii) neurological, (iv) gastrointestinal, (v) diabetes, (vi)
renal, (vii) neoplastic disease, (viii) others (including rheumatological
disabilities), (ix) ventilatory assistance required and (x) transfusion
requirement. We have previously detailed the ICD9 codes for chronic
physical or mental health disorders utilized as a supplementary Table
[38]. In addition, we searched other hospital databases for evidence of
diabetes (Diamond database), respiratory insufficiency (FEV1 < 2 L
data pulmonary function laboratory), troponin status (high sensitivity
troponin > 25 ng/L) [33], low albumin (<35 G/dL) and anaemia
(haemoglobulin levels < 10 G/dL) or chronic renal insufficiency -
MDRD < 60 mL/min*1.73 m? [39]. The ‘morbidity score’ for each
individual’s clinical episode during the study, was weighted by its
relative important against the 30-day mortality outcome in the
multivariable regression analysis.

Statistical Methods

Descriptive statistics were calculated for background demographic
data, including means/standard deviations (SD), medians/
interquartile ranges (IQR), or percentages. Comparisons between
categorical variables and mortality were made using chi-square tests.

We employed a logistic model with robust estimate to allow for
repeated admissions; the correlation matrix thereby reflected the
average dependence among the specified correlated observations [23].
Logistic regression analysis identified potential mortality predictors
and then tested those that proved to be significant univariate predictors
(p<0.01 by Wald test). Mortality results have been presented either by
admission (all admissions counted) or by patient (only one admission
considered - last admission if > one). In an extended time series (16
yr.), 48.7% of patients were readmitted at least once, 9.3% > 5 times
and 20 patients > 50 times each; whether per admission or per patient
mortality analysis is optimal is uncertain. We used the margins
command in Stata to estimate and interpret adjusted predictions
for sub-groups, while controlling for other variables such as time,
using computations of average marginal effects. Margins are statistics
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calculated from predictions of a previously fitted model at fixed values
of some covariates and averaging or otherwise over the remaining
covariates. In the multivariable model (logistic), we adjusted univariate
estimates of effect, using the previously described outcome predictor
variables. The model parameters were stored; post-estimation intra-
model and cross-model hypotheses could thereby be tested.

Adjusted odds ratios (OR) and 95% Confidence Intervals (CI) were
calculated for those predictors that significantly entered the model
(p<0.10). Statistical significance at P<0.05 was assumed throughout.
Stata v.15 (Stata Corporation, College Station, Texas) statistical
software was used for analysis. This study had no interventional
component, used anonymised routinely collected data, complied with
data protection legislation and was undertaken as part of the Hospital
Quality Improvement Programme to assess the overall impact of the
Acute Medical Admission Initiative.

Results
Patient Demographics

During the 16-year study period (2002-2017), there were a total
of 106,586 admissions in 54,928 unique patients. This represented all
emergency medical admissions, including patients admitted directly
into the Intensive Care Unit or High Dependency Unit. The proportion
of males was 48.5%. The median (IQR) Length Of Stay (LOS) was 4.3
days (1.7-8.9). The median (IQR) age was 58.9 years (38.2-76.3) with
the upper 10% boundary at 85.0 years.

The demographic characteristics (Table 1) are outlined with a cut
at the midpoint of the calculated admission K* / Na* ratio. The K* and
Na* data was log (natural) transformed prior to the analysis mainly to
equalize the data spread of the two elements despite their numerical
difference - anticipated to make the data easier to handle and interpret.
Above and below that midpoint, the patient group characteristics are
tabulated by Acute Illness Severity [23,32], Charlson Index [25], Co-
Morbidity and Sepsis status [24]. Patient in the upper half of the K* /
Na* ratio distribution were older 66.5 years (IQR 47.0-79.3) compared
with 59.0 years (IQR 39.9-75.5) but had equivalent hospital LOS - 4.9
days (IQR 1.9-9.7) versus 5.1 days (IQR 2.3-9.7). Admissions with a
K* / Na'* ratio distribution above the median were more likely to be
female (51.9% vs. 45.5%) and had a higher 30-day hospital mortality
rate - 5.4% vs 3.5% (p<0.001). Those with a K* / Na* ratio distribution
above the median had a higher Acute Illness Severity Score (top two
groups 66.1% vs. 53.4%) and higher Charlson Comorbidity Index (top
two groups 39.6% vs. 33.0%).

Mortality related to admission K*/ Na* levels

The 30-day per patient mortality declined between 2002 and
2017 from 12.4% to 4.8%. This represented a relative risk reduction
(RRR) of 61.3% with a number needed to treat (NNT) of 13.1. Lower
admission sodium levels were associated with a linear increase in
patient mortality rate across all deciles (OR 0.89 (95% CI 0.88-0.90);
from decile 1 (lowest sodium) - 16.9% (95% CI 16.0%-17.8%) to
decile 5 - 11.4% (95% CI 11.0%-11.8%) and decile 10 - 6.7% (95% CI
6.2%-7.2%). Higher admission potassium level predicted mortality —
OR 1.07 (95%CI: 1.06, 1.09) and there was a progressive increase in
30-day in-hospital mortality across all deciles from decile 1 (lowest)
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- 8.9% (95%CI: 8.3%, 9.4%) to decile 5 - 11.0% (95%CI: 10.6%, 11.3%)
and decile 10 - 14.2% (95%CI: 13.5%, 14.8%). This is a different
interpretation to the conventional wisdom of a U shaped curve for
both K* and Na* and mortality outcomes. However, an analysis by
decile lacks numerical bias where very difference frequencies fall
within discrete ranges. For Na* for example, and taking decile 10 with
the lowest overall mortality risk, the lower boundary is 142 mEq/,
with the median, 75% and 95% points at 144, 145 and 150 mEq/l. For
K* for example, and taking decile 1 with the lowest overall mortality
risk, the upper boundary is 3.4 mEq/], with the median, 75% and 95%
points at 3.2, 3.0 and 2.6 mEq/l. Therefore the correct distribution
mortality relationship is that 30-day mortality outcome, as determined
by K* and Na* admission values, is that mortality increases with each
decile of K* decile, from lowest to highest with the opposite being true
for admission Na*levels.

Table 1. Characteristics of Emergency Admissions by Median K*/ Na* Ratio.

Lower Upper p-Value
(N=45,135) (N=50, 726)
Age (yr.)
Mean (SD) 57.4 (20.78) 62.5(20.29) <0.001

Median (Q1, Q3)
Length Stay (day)

59.0 (39.9,75.5) | 66.5(47.0,79.3)

Mean (SD) 7.2 (6.45) 7.0 (6.51) <0.001
Median (Q1, Q3) 5.1(2.3,9.7) 4.9 (1.9,9.7)

Gender

Male 20530 (45.5%) 26321 (51.9%) <0.001
Female 24605 (54.5%) 24405 (48.1%)
30-day Hospital Mortality

Alive 43542 (96.5%) 48000 (94.6%) <0.001
Dead 1593 (3.5%) 2726 (5.4%)
Acute Illness Severity

1 1835 (4.3%) 1094 (2.5%) <0.001
2 3916 (9.2%) 2595 (5.8%)

3 6234 (14.7%) 4630 (10.4%)

4 7768 (18.3%) 6773 (15.2%)

5 8638 (20.3%) 8329 (18.7%)

6 14072 (33.1%) 21064 (47.4%)

Co-Morbidity Score

<6 11387 (38.3%) 11247 (32.4%) <0.001
>=6<8 8547 (28.7%) 9744 (28.0%)

>=8 <12 8181 (27.5%) 11098 (31.9%)

>=12<20 1643 (5.5%) 2674 (7.7%)

Charlson Index 8638 (20.3%) 8330 (18.7%)

0 22226 (49.3%) 21771 (43.0%) <0.001
1 12063 (26.8%) 13830 (27.3%)

2 10768 (23.9%) 15042 (29.7%)

Sepsis Group

1 33695 (74.7%) 39653 (78.2%) <0.001
2 9828 (21.8%) 9426 (18.6%)

3 1612 (3.6%) 1647 (3.2%)

"LOS: length of stay, MDC: Major Disease Category, IQR: Inter-Quartile Range
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Mortality related to admission K*/ Na* Ratio (Figs 1/2)

The admission K* / Na* Ratio was predictive of episode 30-day
hospital mortality - OR 1.12 (95% CI 1.11-1.13). This compared with
the predictive capacity of the Acute Illness Severity Score of OR 3.28
(95% CI 3.03-3.56) , the Charlson Comorbidity Index of OR 1.20
(95% CI 1.18-1.23) and sepsis status OR 1.61 (95% CI 1.51-1.71).
The admission K* / Na* Ratio was a linear predictor (Fig 1) of 30-day
hospital mortality over the range of deciles from the lowest D1 with
predicted mortality of 5.6% (95% CI: 5.2%, 5.9%), to D5 6.2% (95%
CI: 6.0%, 6.4%) and D10 7.2% (95% CI: 6.9%, 7.5%), After adjustment
for the above predictors, the predictive value of K* / Na* Ratio was
reduced to 1.03 (95% CI 1.02-1.04).
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Figure 1. The relationship between the admission K* / Na* ratio and 30-day in-hospital
mortality. For each decile of the ratio, the 30-day in-hospital mortality rate was derived
from the logistic regression model and adjusted for the Charlson Co-Morbidity, Co-
Morbidity and Sepsis Scores.
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Figure 2. The relationship between the admission K* / Na* ratio and patient age. The
Decile of the Ratio, at time of admission, was regressed against the age group (Zero Pois-
son truncated) and adjusted for the Acute Illness Severity and Co-Morbidity and Sepsis
Status. The Decile of K/ Na* ratio at time of admission was a linear function of age.

We also examined the likelihood that the admitted K* / Na* Ratio
was age related — over the admitted age range by relating the likelihood
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that older admissions would fall into higher K* / Na* Decile Ratios. We
regressed the age groups < 40, 40 + - 60, 60+ - 75, 75+ - 85 and >85
against counts of K* / Na* Ratio (zero truncated Poisson regression) by
patient and adjusted for the Acute Illness Severity (22, 23), Charlson
Comorbidty Index (25) and Sepsis Status (24). There was a linear
relationship between the underlying age and the likelihood of being in
a higher K*/ Na* Decile Ratio.

Discussion

Our data shows that over a period of 16 years potassium and
sodium levels at the time of an emergency medical admission were
predictive of 30-day mortality outcomes. Although the mortality
outcomes have improved over time, the predictive value consistent
irrespective of such quality improvements. Falling deciles of sodium
were associated with increasing mortality outcomes; the 30-day
patient mortality comparing the highest and lowest decile was
6.7% vs 16.9%. For potassium the opposite was true; rising deciles
were associated with increasing mortality from lowest decile rate
of 8.9% to highest rate of 14.2%. Therefore in overall terms neither
hypokalaemia nor hypernatraemia were prognostic risk factors of a
30-day hospital death. That is not to argue that specific patients with
very disturbed admission hypokalaemia or hypernatraemia were not
at risk. However, for high sodium levels (top decile > 142 mEq/1) only
25% of that decile were > 145 mEq/l. and 5% > 150 mEq/l. For the
lowest potassium decile (<3.4 mEq/1), only 25% of that decile were <
3.0 mEq/L. and only 5% < 2.6 mEq/l. Thus taking what might occur in
a small minority of any population distribution, and seeking to make
statements regarding the overall population risk is an approach that
may result in a misconceived view of the risk reality in the mind of
the clinician.

If increasing potassium or decreasing admission levels are linearly
prognostic, as our model relating deciles of each to 30-day mortality
outcome, then a reasonable presumption might be that the disturbance
in both would be linked. Sodium being the principal extracellular ion
and potassium being intracellular might leak from their respective
domains as the system aged; disorder of the pair might be thought
of as reflecting impaired membrane function and the energetic
process involved in maintaining the transmembrane electro-chemical
gradient. The likelihood of being in a higher risk decile certain
was strongly age dependent in our analysis. We wondered if the
relationship of the two ions, as reflected in the K* / Na* Ratio, might
be a better prognostic indicator that their individual ability to predict
mortality outcome. The univariate prediction of the K* / Na* Ratio was
considerably attenuated when other independent outcome predictors
such as Acute Illness Severity Score, Charlson Comorbidity Index
and sepsis status were accounted for in the multivariable model. This
would suggest that in overall terms, disorders of these ions, whilst of
clinical relevance in certain specific patient subsets, in general are part
of more complex disorder of homeostasis, driven by illness severity
and the overall burden of disease [40,41]. As linking the analysis to
the combined behaviour, with the K* / Na* Ratio, did not improve the
prognostic prediction over that from independent analysis of each,
one cannot assume that the behaviour of the K* and Na* is linked in
emergency medical admissions on average.
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Of course, the practicing physician is rightly focused on clinical
outcomes at the extremes of distribution due to the high mortality
rates [42] and the need for urgent interventions to correct the disorder
and mitigate the consequences [43]. Generally speaking disturbed
biochemistry has been recognised to predict hospital mortality
outcomes and been incorporated into laboratory score systems [44—
46]. We must however distinguish a population based interpretation
of the risk relating a predictor variable that is disturbed to mortality
outcomes in general from that at the extremes of population or in
certain specific high-risk subgroups, and as to whether patients die
with or as a consequence of hyponatraemia [47] or if most deaths
are caused by underlying diseases [42]. The widely quoted work of
Gheorghiade et al. demonstrated a marked correlation between serum
sodium < 135 mEq/l and both hospital LOS and mortality and an
apparent “U shaped’ curve with increased mortality if serum sodium
was greater than 140 mEq/1 [16]. However, a recent large meta-analysis
on dysnatraemia concluded that hyponatremia (HR 1.34; 95% CI:
1.15-1.57) but not hypernatremia (HR 1.12; 95%: CI 0.93-1.34), was
independently associated with increased risk of all-cause mortality,
when compared than the normonatremia category [48].

In respect of potassium levels and mortality outcomes, in 6515
patients prior to randomization in the MERLIN-TIMI trial, the lowest
risk of cardiovascular death was observed in patients with admission
potassium levels between 3.5 and 4.5 mEq/L. Both lower and higher
levels of potassium were associated with tachyarrhythmias and
bradyarrhythmias, suggesting a potential mechanistic explanation for
the increased risk of cardiovascular death at the extremes of potassium
homeostasis [49]. Krogager et al. [50] reported, in a cohort of nearly
2600 patients post myocardial infarction, a U-shaped relationship
between serum potassium concentration on hospitalization and 90-
day mortality; these observations of increased mortality also applied
to low and high normal serum potassium levels. Hughes-Austin et al.
[51] found that high serum potassium concentration is significantly
associated with a higher risk for all-cause mortality independent
of kidney function or other cardiovascular disease risk factors; no
significant association between hypokalaemia and mortality was
found in the fully adjusted Cox model. We found that from lower to
higher deciles of potassium a progressively rising risk of an adverse
mortality outcome. Similarly, Loprinzi and Hall [12] investigated
the potassium-mortality relationship in the general population of
the United States, using data from the 1999-2006 National Health
and Nutrition Examination Survey were employed, with follow-up
through 2011. In a Cox proportional hazards model, after adjusting for
confounding variables found that a 1-mmol/L increase in potassium
was associated with a 40% increased risk of mortality (adjusted hazard
ratio 1.40; 95% CI, 1.15-1.70).

Broadly speaking then we would conclude, that in an unselected
population admitted with medical emergencies over 16 years that
although disturbances of potassium or sodium were predictive of
30-day mortality outcomes in general, the lowest decile of admission
potassium or the highest decile of sodium conferred the lowest risk,
when adjusted for other major independent outcome predictors. Over
all deciles of admitted potassium, rising levels were positive associated
with increased mortality; the contrary applied to sodium where the
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greatest risk was for the lowest admitted levels, and all higher deciles
demonstrated a falling mortality trend. Furthermore, although both
rising potassium levels and falling sodium levels were independently
predictive, in the full model with adjustment as described, the
influence of each of the combined ratio was attenuated This implies
that disorders of potassium and sodium and their ratio is a secondary
phenomenon, reflecting system disorder and a ‘sick cell’ or unbalanced
homeostasis due to major illness associated with comorbidity.

Our study utilises comprehensive data gathered over a prolonged
period of time, however this information is in essence extracted from
the medical record through coding and other standard procedures;
therefore the robustness of our data is entirely dependent on the
accuracy of the original recordings. The external validity of our
results will need to be established by complementary studies in other
institutions and settings. We do not collect information on the specific
treatment of individual patients, therefore we were not able to analyse
any potential effects of interventions in those with abnormalities of
potassium or sodium. Finally, the design of our study by its nature
assesses for associations rather than causation, while we adjust for
multiple variables in our analyses we cannot comment on any potential
causative role for electrolyte imbalance on mortality.

In conclusion this study demonstrates that the ratio of admission
serum potassium to sodium is both strongly associated with age and
linearly predictive of 30-day hospital mortality. The interpretation of
sodium and potassium homeostasis as an interdependent ratio did not
add significant material value to analysing the cations independently.
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