International Clinical and Medical Case Reports Journal @ salient Visionary
Research Article (ISSN: 2832-5788)

Just How Common is Pseudohyponatraemia? Retrospective Survey of
1,041 Patients with Serum Sodium 125 mmol/L or Less

Wagqas Hussain'", Kim Heathcote?, Deanne Ferguson®, Fiona Green®, Chris Isles'
!Departments of Medicine, “Biochemistry, and *Diabetes and Endocrinology, Dumfries and Galloway Royal
Infirmary, Dumfries DG2 8RX, Scotland, UK

Citation: Wagas Hussain, Kim Heathcote, Deanne Ferguson, Fiona Green, Chris Isles. Just How Common is
Pseudohyponatraemia? Retrospective Survey of 1,041 Patients with Serum Sodium 125 mmol/L or Less. Int
Clinc Med Case Rep Jour. 2026;5(8):1-10.

Received Date: 15 August 2026; Accepted Date: 18 August 2026; Published Date: 20 August 2026
*Corresponding author: Wagas Hussain, Department of Medicine, Dumfries and Galloway Royal Infirmary,
Dumfries DG2 8RX, Scotland, UK

Copyright: © Wagas Hussain, Open Access 2026. This article, published in Int Clinc Med Case Rep Jour
(ICMCRJ) (Attribution 4.0 International), as described by http://creativecommons.org/licenses/by/4.0/

ABSTRACT

Introduction: Hyponatraemia is usually associated with a low serum osmolality <280 mOsm/kg. Iso-
osmolar (serum osmolality 280-300mOsm/kg) or hyperosmolar (serum osmolality >300 mOsm/kg)
hyponatraemia should alert the clinician to one of two possibilities: pseudohyponatraemia, a laboratory artefact
that occurs when patients with severe hyperlipidaemia or severe hyperproteinaemia have their sodium checked
using indirect ion selective electrodes; or dilutional hyponatraemia which reflects the presence of solutes that
increase osmolality such as glucose and alcohol, causing water to move from the intracellular to extracellular
space.

Objectives: To assess the prevalence and aetiology of pseudohyponatraemia in an unselected series of patients
in southwest Scotland; and to determine the other causes of iso and hyperosmolar hyponatraemia in this patient
population.

Design: Retrospective cohort study.

Setting: Southwest Scotland.

Participants: 84,108 patients who had serum urea and electrolytes measured during an 18-month period from
August 2023 to January 2025.

Main Outcome Measures: Serum sodium, serum osmolality, serum lipids and serum immunoglobulins.
Results: 1,041(1.2%) patients had serum sodium 125 mmol/L or less. Iso-osmolar and hyperosmolar
hyponatraemia accounted for 33(4%) of 824 patients who had simultaneous measurements of serum
osmolality. We identified one probable case of pseudohyponatraemia due to hyperlipidaemia in this group.
Alcohol excess and hyperglycaemia were the likely causes of dilutional hyponatraemia in eight and four patients
respectively. We further identified one possible case of pseudohyponatraemia among the 217 patients who did
not have their serum osmolality measured.

Conclusions: Despite its rarity, the recognition of pseudohyponatraemia remains important because it is a

laboratory artefact for which no specific treatment is required.
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INTRODUCTION

Hyponatraemia is the commonest electrolyte abnormality encountered in clinical practice.™™ It is usually
associated with a serum osmolality that is less than 280 mOsm/kg, when it is described as hypotonic or hypo-
osmolar hyponatraemia.  Less frequently, hyponatraemia can be iso-osmolar (serum osmolality 280-
300 mOsm/kg) or hyperosmolar (serum osm >300 mOsm/kg). Iso-osmolar and hyperosmolar hyponatraemia
should alert the clinician to one of two possibilities: of pseudohyponatraemia, a laboratory artefact that occurs
when patients with severe hyperlipidaemia or severe hyperproteinaemia have their sodium checked using
indirect ion selective electrodes;®®! and of dilutional hyponatraemia, which reflects the presence of solutes that
increase osmolality such as glucose and alcohol, causing water to move from the intracellular to extracellular

space.l>l

The prevalence of severe hyponatraemia (serum sodium <=125 mmol/L) is known to lie between 1% and 3% of
all samples submitted for measurement of urea and electrolytes.l®’ There are, surprisingly, no studies of the
prevalence of pseudohyponatraemia. This is despite a number of case reports of pseudohyponatraemia in

patients who are either known to have, or are found to have, hyperlipidaemia or myelomal?&16l (Table 1).

Age/ Serum Sodium . . : Cause of Serum Lipids mmol/L Serum Immunoglobulins
Author Gender mmol/L Pseudohyponatraemia  confirmed by serum Osm and/or direct ISE Pseudohyponatraemia gL
Song 2019 41M 118 Yes Hyperlipidaemia Chol 375, Trig 10.8
Yu 2005 56M 123 Yes Myeloma 19G 55.3, IgA 5.8, IgM 3.9
El Hage linidaemi hol .
2018 69M 119 Yes Hyperlipidaemia Chol 34.7, Trig 3.2
'2"32529"”' 59M 119 Yes Hyperlipidaemia Chol 21.3, Trig 77.6
Sggg‘a 39M 114 Yes Hyperlipidaemia Chol NG, Trig >56.5
Wani 2025 69M <100 Yes Myeloma 19G 71.0, IgA 0.19, IgM 0.24
Eg;’“f"” 26M 112 Yes Hyperlipidaemia Chol NG, Trig 65.5
Ballard . . .
2023 55M 128 Yes Hyperlipidaemia Chol NG, Trig 13.5
Ballard ! ! : L
2023 68F 130 Yes Myeloma Total Protein 120g/L°

Legend: Osm = Osmolality. ISE = ion selective electrodes. Chol = cholesterol. Trig = triglyceride. NG = not
given.

Normal ranges: Cholesterol 3.9 - 5.5mmol/l, Triglyceride 0 - 1.7mmol/L, 1gG 6 - 16g/L, IgA 0.7 - 4.5¢/L, IgM
0.4 - 2.5g/L, Total Protein 60-80g/L. Conversions: Cholesterol mmol/L to mg/dL x 38.67, Triglyceride mmol/L

to mg/ dL x 88.57. *Serum electrophoresis confirmed diagnosis of myeloma.
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Against this background, the aimof our study was threefold: to assess the prevalence
of pseudohyponatraemia in an unselected series of patients who either attended their general practitioners or
were admitted to hospital in southwest Scotland; to document the causes of said pseudohyponatraemia; and to

determine the other causes of iso- and hyperosmolar hyponatraemia in this patient population.

METHODS

Serum sodium was analysed on the Cobas 8000 ISE module (Roche Diagnostics) using indirect ion-selective
methodology. The analytical precision (CV%) for the sodium assay was 1% at a level of 114mmol/L, in
agreement with Roche’s technical specifications. EQA performance (UK NEQAS Clinical Chemistry) was also

satisfactory.

Serum osmolality was analysed on the Advanced® Micro-Osmometer Model OSMOL1 using freezing point
depression methodology. The analytical precision (%CV) for the assay was <1% at all levels of 1QC (240 -
400mOsm/kg), in agreement with Advanced Instrument's technical specifications. EQA performance (UK

NEQAS Clinical Chemistry) was also satisfactory.

This was a retrospective cohort study. We measured serum sodium as part of a urea and electrolytes profile
338,870 times in 84,108 patients during an 18-month period between August 2023 and January 2025. We chose
this date range to create a cohort of over 1,000 patients with a serum sodium of 125 mmol/L or less. One
thousand and forty-one patients were included. Serum osmolality was measured within 24 hours of serum
sodium in 824 (79%) of these patients and was 280 mOsm/kg or more (range 280-342 mOsm/kg) in 33,

indicating iso- or hyperosmolar hyponatraemia.

We considered alcohol a likely contributor to normal or raised serum osmolality if patients were known to Drug
and Alcohol Services, had a history of heavy alcohol use noted in their case record and/or a documented alcohol
intake >50 units/week. We did not measure blood ethanol in these patients as they did not appear intoxicated

when they presented with severe hyponatraemia.

We included blood glucose measurements if they were taken within a week of the documented hyponatraemia.
Serum urea values in Table 2 and Table 3 were measured on the same sample as the serum sodium. We
referenced serum lipids and immunoglobulins if these were taken within a month of hyponatraemia as we felt
these analytes were less likely to undergo acute change. We noted if patients were receiving
intravenous dextrose in the 24 hours preceding hyponatraemia by reading patient fluid charts. When patients had
more than one serum sodium of 125 mmol/L or less, we chose the lowest value for inclusion in Table 2 and
Table 3.

RESULTS

Our analytical cohort of 1,041 patients comprised 597 (57%) women, age range 0-97 years (only 11 of whom

were under 20 years) and 443 (43%) men, age range 0-96 years (only 15 under 20 years). These patients were
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representative of a largely white Scottish population as over 96% of the population in Dumfries and Galloway
identify as a white ethnic group.

Table 2 shows serum osmolality, plasma glucose, serumurea, serum lipids, and serum immunoglobulins,
when requested, for the 22 iso-osmolar patients whose serum sodium was 125mmol/L or less with serum
osmolality 280 — 300 mOsm/kg. Hyperosmolar (serum osm >300 mOsm/kg) (n=11) patients are listed
separately in Table 3.

Isoosmolar hyponatraemia

There were no cases of pseudohyponatraemia among the 12 patients whose serum lipids were measured or
among the 10 patients with serum immunoglobulins. We identified five cases of dilutional hyponatraemia likely
due to alcohol excess and one to hyperglycaemia (31.3 mmol/L). Uraemia (serum urea 38.8 mmol/L) may have
accounted for one other case of iso-osmolar hyponatraemia, which was unexplained in the remaining 15

patients. None were receiving intravenous dextrose when found to be hyponatraemic.

Hypersomolar hyponatraemia

We measured serum lipids in 8 of the 11 patients, one of whom had hyperlipidaemia that was severe enough to
cause pseudohyponatraemia (see case history). Serum immunoglobulins measured in five patients were normal.
Alcohol excess was the likely cause of dilutional hyponatraemia in three patients, while hyperglycaemia was a
probable cause in a further three patients (plasma glucose 52.3, 37.2, 34.4 mmol/L). It is unlikely that any
hyperglycaemia in the remaining patients could account for serum sodium 125 mmol/L or less after applying
Hillier’s correction.'®! Uraemia may have been the cause of two other patients with hyperosmolar

hyponatraemia (serum urea 34.9 mmol/L and 74.9 mmol/L).

We measured blood lactate in eight patients, only two of whom had lactate greater than 4 mmol/L: one was
thought to have had alcoholic lactic acidosis while the other had diabetic ketoacidosis. It is unlikely therefore
that lactate per se contributed to the hyperosmolality in these patients. The cause of the hyperosmolarity could
not be determined in the remaining two patients. None of these patients were receiving intravenous dextrose

when found to be hyponatraemic.

Case history

A 67-year-old male, who had no symptoms, was found to be hyponatraemic with serum sodium 123 mmol/L on
routine blood testing. This was on a background of type 2 diabetes, ischaemic heart disease and atrial
fibrillation. He was significantly overweight at 92.4 kg and his diabetes was poorly controlled with random
glucose 30.9 mmol/L and HbAlc 150 mmol/mmol (normal 27-42 mmol/mol), although he was neither acidotic

nor ketotic.

His serum was noted to be lipaemic, following which serum cholesterol was measured at 19.7 mmol/L (normal
range 2.5-5.0 mmol/L) with serum triglyceride 63.1 mmol/L (normal range 0.8-3.0 mmol/L). Serum osmolality
was raised in the hyperosmolar range at 317 mOsm/kg, suggesting a mixed picture of pseudo and dilutional
hyponatraemia, as it is unlikely that glucose alone could account for his hyponatraemia even after applying

Hillier’s correction (Hillier 1999).
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We treated his diabetes by switching from oral hypoglycaemics to insulin and his hyperlipidaemia with a

combination of fenofibrate and ezetimibe. He had previously been unable to tolerate statins. He received one

litre of 0.9% saline over 12 hours only. Serum sodium returned gradually to the normal range three weeks later.

He subsequently received the GLP1 agonist Mounjaro, which facilitated a drop in weight to 75.8 kg. When last

reviewed at the clinic, 21 months after his presentation, he was well with serum sodium 137 mmol/L, serum

cholesterol 3.9 mmol/L, serum triglyceride 6.9 mmol/L and HbAlc 44 mmol/mol.

Table 2: Iso-osmolar Hyponatraemia

Age/Gender gim;nm —fneon;rmn/fsm —F’—gg’;‘r’rl;"liGa _%‘UCOSE _mrea % gehroulemsterol ‘Sl'er';ugryceﬁde %l m m
mmol/L mOsm/kg mOsm/kq mmol/L mmol/L

83M 125 280 8.9 57 154 No 43 0.6 13 5 1

66M 121 280 289 57 34 No

85F 125 280 159 71 7 No 23 1

51M 124 281 16.3 116 5.1 Yes

83F 124 284 44 231 8.5 No

73F 122 287 141 16.7 122 No 75 31 104 17 0.5

81M 124 288 8 8.3 237 No 34 27 145 4.7 14

78M 120 289 6 75 355 No 3.2 17 211 17 05

39M 123 289 163 155 112 Yes

82F 121 289 104 192 174 No 23 11 134 8 11

93F 125 290 113 6.2 225 No 19 0.7 201 <0.1 0.7

60M 121 290 329 106 45 Yes

60M 124 291 125 172 133 Yes 37 2.4

72M 125 292 -104 249 275 No

76M 125 292 125 55 24 No

81F 125 293 3.1 127 272 No

85M 122 294 57 55 388 No

58F 124 295 135 6.2 273 No 5 16 8.7 21 14

82M 124 295 225 9.9 143 No

66F 118 298 6.3 313 244 No 3 23 116 53 1

61M 121 300 50.5 5.4 21 Yes 4.2 17 9.4 3 23

T4F 123 300 124 138 278 No 25 0.8 127 3 0.9

Table 2: Table showing serum sodium, serum osmolality, glucose, urea, alcohol excess, lipids and

immunoglobulins in 22 patients with isoosmolar hyponatraemia.

Int Clinc Med Case Rep Jour (ICMCRJ) 2026 | Volume 5 | Issue 08




International Clinical and Medical Case Reports Journal @ salient Visionary
Research Article (ISSN: 2832-5788)

Table 3: Hyperosomolar Hyponatraemia

pocencer | pongie | o e P | e fan | ot | Sgpedene | Jeese | Greet | Gee
73M 121 303 429 11.9 6.2 No 85 25 04
59F 119 308 432 34.4 10.2 No 25 19

67M 122 308 56.6 47 27 Yes

65M 122 310 55.8 53 49 No 5.3 13 9.2 1 11
83M 124 31 10.3 37.2 155 No 4 23 7.8 13 11
7IM 125 312 17.6 95 349 No 36 07 03
67M 123 317 2.1 309 1 No 19.7 63.1 9.6 43 03
67M 120 319 7 5.9 21 Yes 37 05

63M 123 326 52.4 13 14.6 Yes 35 18

41M 116 339 38.4 52.3 16.3 No 48 24

65M 120 342 19.2 7.9 74.9 No 24 06

Table 3: Table showing serum sodium, serum osmolality, glucose, urea, alcohol excess, lipids and

immunoglobulins in 11 patients with hyperosmolar hyponatraemia.

Hyponatraemic patients with no measurement of serum osmolality

We examined the case records of 217 patients with serum sodium 125 mmol/L or less who did not have a
concurrent measurement of serum osmolality, to determine whether any had hyperlipidaemia or myeloma
before, during or after their presentation with severe hyponatraemia. There were no cases
of hypertriglyceridaemia greater than 17 mmol/L. There was one case of possible pseudohyponatraemia: an 87-
year-old male with 1gG myeloma, serum 1gG of 78.8 g/L, serum IgA <0.1 g/L, serum IgM 1.9 g/L and an

associated total protein of 147 g/L, who was found to have serum sodium 123 mmol/L.
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DISCUSSION

The main findings of our study are that iso- and hyperosmolar hyponatraemias are uncommon, accounting for
only 33 (4%) of a consecutive series of 824 patients with serum sodium 125 mmol/L or less whose serum
osmolality was measured simultaneously, or at the very least within 24 hours. We identified one probable case
of pseudohyponatraemia due to hyperlipidaemia in this group and further identified one possible
case of pseudohyponatraemia due to myeloma among the 217 patients who did not have their serum osmolality
measured. Alcohol excess and hyperglycaemia were the likely causes of dilutional hyponatraemia in
eight and four patients respectively. ~ Some  were iso-osmolar and some hyperosmolar.  No clear cause

was identified in 15/22 patients with iso-osmolar and 2/11 patients with hyperosmolar hyponatraemia.

Pseudohyponatremia is a rare laboratory artefact characterised by hyponatraemia in the setting of a normal or
raised serum osmolality (>280mOsm/kg).*! This phenomenon is created by the use of indirect ion selective
electrodes (ISEs) which report the sodium concentration measured within the water fraction of a diluted serum
sample, relative to the total serum volume. Most NHS laboratories use indirect ISEs, in contrast to point of care
blood gas analysers which generally employ direct ISEs to measure sodium within the water traction of an
undiluted whole blood sample.l**) When serum proteins and lipids are within the normal physiological range,

direct and indirect ISE methods are calibrated to produce equivalent sodium concentrations.

The key to understanding pseudohyponatraemia is as follows. An Indirect ISE (including the Roche Cobas 8000
ISE module) assumes that plasma water is ~93% of plasma volume, corresponding to normal protein and lipid
concentrations. This assumption is fixed within the calibration model. The analyser doesn't measure the patient’s
water fraction or adjust for it. Because the method works on a diluted sample, the final sodium value is
calculated per litre of total plasma, not per litre of plasma water. It follows that the differences in sodium results
between indirect and direct ISEs only become apparent when there is an abnormally high or low total protein

and/or lipid concentration in a patient sample that decreases or increases plasma water, respectively.

Pseudohyponatraemia is more likely to occur when serum hypertriglyceridaemia exceeds 17 mmol/L or
hyperproteinaemia is greater than 100 g/L (21). Pseudohyponatraemia is physiologically unimportant and does
not require treatment because the main complication of hyponatraemia, namely hyponatraemic encephalopathy,
only occurs when the concentration of sodium in serum water becomes dangerously low. Failure to recognise

this may lead to serious, and occasionally fatal, consequences. 122

Glucose  and  alcohol  can both cause  another  form  of non-hypotonic  hyponatraemia,
namely dilutional hyponatraemia./“! High blood glucose increases the osmolality of the blood, often to greater
than 300 mOsm/kg, causing water to move from the intracellular to extracellular space. This dilutes the sodium
concentration in the bloodstream causing hyponatraemia. As a rough guide, serum sodium will fall by
2.4 mmol/L for every 5.6 mmol/L rise in blood glucose. ™ This form of hyponatraemia resolves by controlling

the blood glucose.
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Alcohol® and lactate®®® are solutes that, like glucose, can increase serum osmolality and cause
a dilutional hyponatraemia. Uraemia may also be associated with non-hypotonic hyponatraemia, with high
levels of urea contributing to osmolality and loss of the ability to regulate water balance leading to water
retention.[** Urea is, however, an ineffective osmole because it freely crosses cell membranes. This means that,

unlike hyperglycaemia, it does not cause water to move from the intracellular to extracellular fluid space.

Our study has strengths and weaknesses. The main strength is that we were able to conduct a survey of all
patients whose serum sodium was measured during an 18-month period in a well-defined population in
southwest Scotland and then access the medical records of all those found to have iso- and
hyperosmolar hyponatraemia. Limitations are those necessarily expected of a retrospective survey. Not
everyone with serum sodium 125 mmol/L or less had serum osmolality, blood glucose and blood ethanol
measured simultaneously, nor did everyone with iso- and hyperosmolar hyponatraemia have recent
measurements of lipids or immunoglobulins. We acknowledge that this could lead to an underestimation
of pseudohyponatraemia in this patient population, though we feel this is unlikely given that serum sodium

invariably returned to normal in these patients during follow up.

A further limitation is that we chose a sodium threshold of 125 mmol/L rather than the lower limit of the normal
range for serum sodium (135 mmol/L). We may therefore have missed cases of pseudohyponatraemia in patients
who were only mildly hyponatraemic. We feel we are unlikely to have missed many, given that most cases
of pseudohyponatraemia described in the literature have serum sodium 125 mmol/L or less (Table 1). A future
study could consider the prevalence of pseudohyponatraemia in patients with milder hyponatraemia in the range
126-135mmol/L.

CONCLUSIONS

Pseudohyponatraemia is uncommon. We found only one probable case due to hyperlipidaemia and one possible
case due to myeloma in a consecutive series of 1,041 patients whose serum sodium was 125 mmol/L or less.
Despite its rarity, the recognition of pseudohyponatraemia remains important because it is a laboratory artefact
for which no specific treatment is required. Pseudohyponatraemia should be suspected when a patient with low
serum sodium has normal or elevated serum osmolality. Point of care testing using a direct ion selective

electrode should then be requested to provide immediate and direct measurement of serum sodium.
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