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SERUM OSMOLAL GAP IN HEALTHY PERSONS. 
COMPARISON OF ELEVEN FORMULAS FOR CALCULATING OSMOLALITY  
 
SP Edijanto 
 
 
ABSTRACT 
 
Serum osmolal gap, the difference between measured and calculated osmolality, has been determined on 64 healthy 
individuals (32 males and 32 females). The calculation of calculated osmolality as well as osmolal gap utilized eleven 
formulas taken from the literature. Measured osmolality was determined by osmometer. The results showed that the 
mean ± SD of measured osmolality of males and females were 283.50 ± 5.75 and 284.28 ± 3.66 respectively; however 
there was no significant difference between males and females. Calculated osmolality was determined by calculation 
using eleven formulas (formula A,B,C,D,E,F,G,H,I,J, and K) utilization data of serum sodium, potassium, glucose, 
and urea/ urea N. The osmolal gap of healthy males and females was obtained as a difference between measured and 
calculated osmolality determined by each formula. All the osmolal gaps obtained showed significant difference 
between males and females except for the formula H. Using the formula H, however, ,it was shown that the difference 
between males and females and also the difference between measured and calculated osmolality (osmolal gap) were 
not significantly different. In the present study it was concluded that formula H (1.89Na + 1.38K + 0.03SUN + 
1.08Glucose + 7.45) was the most accurate formula for calculating calculated osmolality. The reference (normal) 
value of osmolal gap was less than 13.4 mosmol/ kg H2O (males and females). The author recommends using the 
formula H for calculating calculated osmolality as well as osmolal gap for clinical purposes. 
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INTRODUCTION 
 
Serum osmolal gap is the difference between measured 
and calculated osmolality. The value of the gap is: 
osmolal gap (osm/kg) = measured osmolality (osm / kg) 
- calculated osmolality (osm/kg). Calculation of 
osmolal gap requires measurement of plasma or serum 
osmolality by freezing – point depression osmometry, 
and measurement of plasma or serum concentration of 
Na+ (sometime also K+), glucose, and urea (or urea 
nitrogen). Osmolality measured by freezing-point 
depression reflects the total concentration of osmolutes 
(osmotically active solute) in the specimen, including 
volatile substances such as alcohols and acetone. Since 
total osmolute concentration is essentially determined 
by five major osmolutes (Na+, Cl-, HCO3

-, urea, and 
glucose), and because each Na+ ion can be assumed to 
be accompanied by an anion, only sodium, glucose, 
and urea need to be measured in order to calculate the 
osmolality of total solutes in the plasma (Tietz, 1996).  
 
There were two reasons for such increase of osmolal 
gap : 1. the presence of exogenous solutes in 
circulation, and 2. a reduced fraction of plasma water 
caused by triglycerides or myeloma proteins. Normally.  
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the osmolal gap is less than 15 mosm/ kg H2O; value in 
excess of this requires evaluation (Richard, 1996). The 
value of gap is increased in hyperosmolal states owing 
to an increase in osmolutes other than five major ones. 
Moderate increase is associated with ketoacidosis, 
renal acidosis, and lactic acidosis. In these clinical 
situations, values frequently fall within the reference 
interval, and thus are not very helpful. However, the 
osmolal gap is most effectively used to detect and 
follow poisoning with nonelectrolytes such as acetone, 
ethanol, methanol, isopropanol, ethylen glycol, diethyl 
ether, paraldehyde, or trichloroethane. High 
concentrations of both parent compounds and 
metabolites cause a hyperosmolality and a large 
increase in the osmolal gap often correlated with 
severity of the intoxication. Such increase in 
osmolality is not detected by calculating osmolality on 
the basis of Na+, glucose, and urea concentrations 
(Tietz, 1986). 
 
Many formulas have been used to calculate the 
approximate osmolality of serum or plasma. Most 
formulas attempt to combine accuracy with simplicity 
in calculation (use only few substances). As a 
consequence of using more formulas to calculate the 
osmolality, the reference value of osmolal gap will 
vary widely and lead to difficulties in results 
interpretation. The author has collected eleven 
formulas for calculated osmolality from the literature, 
each with reference (normal) range. There is still a 
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question, however, which formula is the most reliable 
formula to use for calculation of calculated osmolality 
as well as for calculation of osmolal gap. 
 
The objective of this study is to determine calculated 
osmolality of healthy persons using eleven formulas 
(Tabel 1), to compare those eleven results with 
measured osmolality, and to determine the reference 
range of serum osmolal gap in healthy individuals in 
our laboratory.  
 
 
MATERIAL AND METHODS  
 
Study subjects and specimens. This study was carried 
out during a medical check up of the Dr. Soetomo 
General Hospital staff in 2001. The sixty four healthy 
individuals (32 males and 32 females) with ages 
between 40 and 60 years were chosen (without any 
signs or symptoms of diseases) to be included in this 
study. Blood was taken from the participants in the 
morning after a one night fast, and sera were separated 
after 1 hour. These samples were measured for 
osmolality, sodium, potasium, glucose, and urea. 
Laboratory methods. Serum osmolality was 
measured with freezing point depression method using 

automated osmometer Osmostat OM 6020; Sodium 
and potassium concentrations were determined using 
flame photometer (Corning 410 C, Clinical Flame 
Photometer, equipped with liniarizer) ; glucose and 
urea determined by hexokinase and urease methods 
respectively, both examinations were performed by 
Hitachi 705 autoanalyzer using the reagents from 
Roche Diagnostics. Calculations of calculated 
osmolality were done using eleven formulas (Tabel 1).  
 
Serum osmolality was performed in the Emergency 
Laboratory and other laboratory tests were done in the 
Clinical Pathology Laboratory, Dr. Soetomo Hospital, 
Surabaya. Between days, imprecision of measured 
osmolality was determined by examination of pooled 
sera (20 times replication); imprecision of glucose, 
urea (urea nitrogen), sodium, and potasium were 
determined by examination of control sera as a part of 
Internal Laboratory Quality Control Program in 
Clinical Pathology Laboratory.  
 
The unit used for measured osmolality was mosm / kg 
H2O, for calculated osmolality was mosm /l, and for 
osmolal gap was mosm / kg H2O. 

 
 

Table : 1 Formula for calculated osmolality 
 

 References Formulas 
 Wimann FK, 1985  * 1.86 (Na) + SUN / 2.8 + Glucose/18  Form. A 
 Rose DB., 1977  * 1.88 (Na) + SUN / 2.8 + Glucose /18  Form. B 
 Tieiz NW., 1995  * 2 (Na) + SUN /2.8 + Glucose /18 Form. C 
 Reitmeyer M., 1997  * 2 (Na) + SUN / 3 + Glucose /20 Form. D 
 Glasser l., 1973  * 2 (Na) + SUN/ 3 + Glucose /20 -- 2 Form. E 
 Murphy JE., 1984, Thomas L.,1996   * 1.86 (Na) + 0.36 SUN + 0.056 Glucose + 9 Form. F  
 Monson JP., 1997   * 2 (Na + K) + SUN / 2.8 + Glucose /18 Form. G 
 Tormey WP., 1997 # 1.89 Na + 1.38 K + 0.03 SUN + 1.08 Glucose + 7.45 Form. H 
 Bhagat CI., et al, 1984 # 1.86 (Na + K) + SUN + Glucose + 10 Form. I 
 Mc.Pherson J, et al, 1990 # 1.85 (Na + K) + Urea + Glucose  Form. J 
 Oesman N, 1997  * 2 (Na + K) + Urea / 6 + Glucose /18 Form. K 

      * Na, K in mmol/ # Na,K,SUN, Urea, and Glucose in mmol/l SUN = Serum Urea Nitrogen  
      SUN, Urea, Glucose in mg/dl SUN = 28/60 X Urea 

  
  
 
Analysis of data 
 
Serum gap osmolality of 64 healthy persons were 
determined by calculating the difference between 
measured osmolality with each calculated osmolality 
(measured osmolality minus calculated osmolality) 

using 11 formulas. Measured osmolality as well as 
calculaed osmolality were compared between healthy 
males and females. All data were compared by 
parametric Student’s t test after being tested by 
Kolmogorov - Smirnov for normality, and at the level 
of significance α = 0.05 
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RESULTS  
 
Between days, imprecision of measured osmolality was 
determined on 20 replicate determinations, CV was 

0.987%. For glucose, urea nitrogen, sodium, and 
potassium, between days imprecision were 3.99%, 
5.78%, 1.46%, and 2.08% respectively (from Internal 
Quality Control Program) (Table 2). 

  
 
 

Table 2. Between day Imprecision of measured osmolality, glucose,urea, sodium, and potassium 
 
 

 
 
As seen in Table 3, the results of measured osmolality 
in 32 males were 283.50±5.75 (mean± SD) mosm / kg 
H2O, and in 32 females were 284.28±3.66 (mean ± 
SD) mosm/kg H2O. There was no significant 
difference between males and females (p > 0.05).  

The measured osmolality of 64 healthy persons 
without differentiating between males and females 
were 283 ± 9 mosmol / kg H2O (mean ± SD).

 
 

 
Table: 3 Measured osmolality in 64 healthy persons (32 males and 32 females) 

 
Serum measured osmolality (by osmometer) 

p = 0.519 
 

Male female 
 Mean →  283.50 mosm / kg H2O  284.28 mosm / kg H2O 
 SD →  5.75 mosm / kg H2O  3.66 mosm / kg H2O 
 CV →  2.03 %  1.29 % 

 
 
Table 4 shows the results of calculated osmolality for 
healthy males and females calculated by eleven 
formulas (A → K); comparisons between males and 

females showed no statistically significant difference 
using all formulas (p > 0.05).  

  
 
 

Table 4. Calculated osmolality in 64 healthy persons (32 males and 32 females) 
 

 
 

 

Parameter → Measured 
osmolality 

Glucose Urea 
nitrogen 

Sodium Potasium 

  
 CV → 

 
0.987% 

 
3.99% 

 
5.78% 

 
1.46% 

 
2.08% 

Formula Males 
mosm / l 

(mean ± SD) 

Females 
mosm / l 

(mean ± SD) 
A 271.10 ± 2.69 268.25 ± 3.52 
B 273.92 ± 2.71 271.04 ± 3.55 
C 290.82 ± 2.83 287.80 ± 3.75 
D 290.04 ± 2.78 287.06 ± 3.72 
E 288.54 ± 2.80 285.56 ± 3.72 
F 280.18 ± 2.69 277.32 ± 3.52 
G 299.59 ± 3.12 296.62 ± 3.96 
H 285.21 ± 2.63 282.87 ± 3.42 
I 289.27 ± 2.95 286.45 ± 3.72 
J 277.81 ± 2.94 275.01 ± 3.70 
K 299.59 ± 3.12 296.61 ± 3.96 
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Table 5 shows the osmolal gap of 64 healthy persons 
(males and females) as differences between the 
measured osmolality and calculated osmolality based 
on calculation using eleven formulas. Compared to 
measured osmolality all calculated osmolality (with 
formulas A through K except for formula H) showed 
statistically significant difference (p < 0.05). 
Furthermore, it was also proven that there was a 

significant difference between male and female 
osmolal gaps (p < 0.05). Using formula H, however, 
there was no significant difference between measured 
and calculated osmolality (p > 0.05) and no significant 
difference between males and females (p = 0.056). 
Without differentiating males and females, calculated 
osmolality of 64 healthy persons (calculated using 
formula H) was 284 ± 7 (mean ± SD). 

 
Table 5. Serum osmolal gap in 64 healthy persons (32 males and 32 females)  calculated using 11 formulas 

 
Male 

mosm / kg H2O 
Female 

mosm / kg H2O p 
Formula 

mean ± SD mean ± SD 
A 12.40 ± 7.32 16.3 ± 5.17 0.025 
B 9.58 ± 7.34 13.24 ± 5.20 0.025 
C -7.32 ± 7.45 -3.5 ± 5.35 0.022 
D -6.54 ± 7.43 -2.78 ± 5.34 0.024 
E -5.04 ± 7.45 -1.28 ± 5.34 0.023 
F 3.32 ± 7.32 6.96 ± 5.17 0.025 
G -16.09 ± 7.67 -12.34 ± 5.26 0.026 
H -1.71 ± 7.55 1.41 ± 5.00 0.056 
I -5.77 ± 7.52 -2.17 ± 5.08 0.029 
J 5.69 ± 7.51 9.27 ± 5.07 0.029 
K -16.09 ± 7.67 -12.33 ± 5.26 0.026 

 
 
DISCUSSION 
 
Concentrations of molecules can be expressed in two 
ways, in molarity, the number of moles (or mmol) per 
liter of solution, and in molality, the number of moles 
(or mmol) per kg of solvent. If the molecules are 
dissolved in pure water such as that found in biological 
fluid, these two figures will differ very little. Plasma, 
however, is a complex solution that also contains large 
molecules, such as proteins, and the total volume of 
solution (water + protein) is greater than that of solvent 
(water only). Small molecules are dissolved only in 
water, and at a protein concentration of 7 g/dl, the 
volume of water is about 6 % less than that of total 
solution (that is, the molality will be about 6% greater 
than molarity). Most methods of measuring individual 
ions, such as sodium, measure them in molarity 
(mmol/l). 
 
Osmotic pressure can also be expressed in two ways, in 
osmolarity expressed as mosmol/l of solution, and 
osmolality expressed as mosmol / kg of solvent (H2O). 
These terms (osmolarity and osmolality) are used 
interchangeably, especially to describe the osmolal gap, 
although the term osmolal is now recommended (Zilva, 
1979; Tietz 1986). In the present study, accordingly, 
we use the term measured osmolality, calculated 
osmolaliy, and osmolal gap.  
 

The measurement of serum osmolality with osmometer 
was extremely precice. In this study we observed that 
by running pooled sera 20 times replication, the CV 
was 0.987%. Imprecision of sodium and potassium 
were CV = 1.46 and CV =2.08 respectively; it was 
fairly good compared to CV of glucose and urea (3.99 
and 5.78) (Table 2).  
 
The results of measured osmolality by freezing point 
depression or osmometer on 32 healthy males and 32 
healthy females were 283.50 ± 5.75 and 284.28 ± 3.66 
mosm / kg H2O respectively (Table 3). The detailed 
values of of results of serum calculated osmolality as 
well as osmolal gap were shown in Table 4 and Table 5. 
All of these data could be taken as reference or normal 
values at Dr. Soetomo Hospital. 
 
Comparisons between measured osmolality and eleven 
calculated osmolality were based on eleven formulas 
(A through K); statistically there was a significant 
difference (p < 0.05) in sexes, except for formula H. 
Using the formula H the difference was the smallest 
and statistically not significant (p > 0.05).  
 
Under normal circumstances, although measured 
osmolality should be higher than calculated osmolality 
(because of protein content of plasma), little significant 
difference is found between the two figures. This is 
because incomplete dissociation of molecules to ions 
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reduces the osmotic effect by about the same amount 
as volume occupied by protein raises it. Calculated 
osmolality is then adequate for clinical purposes (Zilva, 
1979). The present study proved those statements, that 
by using the formula H, there was no significant 
difference observed between measured and calculated 
osmolality and no significant difference between sexes. 
By applying the formula H, then the value of 
calculated osmolality of 64 healthy persons (without 
differenciating males and females) was 284 ± 7 
mosmol / l (mean ± SD); whereas the measured 
osmolality was 283 ± 9 mosmol / kg H2O (mean ± SD). 
Based on these results the author tried to establish the 

reference (normal) value of serum osmolal gap. Table 
5 showed the osmolal gap of healthy males and 
females persons; 95 % C.I. of males and females were 
--16.81 to 13.39 and -- 8.59 to 11.41 mosmol/ kg 
respectively. So, reference value (males and females) 
was established as -- 16.81 to 13.39 or less than 13.40 
mosmol / kg H2O. 
  
As comparisons, there were normal values of measured 
osmolality, calculated osmolality, and osmolal gap 
showed in Table 6, 7, and 8; these data were obtained 
from the literature. 

 
Table 6. Normal value of measured osmolality 

 
 

 
Table 7. Normal value of calculated osmolality 

 
References Normal value 

mosm / l 
Formulas 

Rose DB, 1994 275 - 290 C 
Tietz NW, 1995 285 - 295 C 

Reitmeyer M, 1997 280 – 300 D 
Monson JP, 1997 280 - 300 G 

Mc Pherson J,et al, 1990 270 - 290 (neonates) J 
 280 - 300 (adults)  

 
Table 8. Normal values of osmolal gap 

 
 

References 
Normal value 

mosm / kg H2O 
Formula used for  

calculated 
osmolality 

 Anderson SC, 1998 5 - 10 A 
 Goldberger, 1980 < 5 - 8 A 
 Tietz NW, 1995 5 - 10 C 
 Leisly WL, 1974 0 C 
 Wallach JS, 1992  < 10 C 
 Sterns RH, 1996 < 15 C 
 Dyer S, 1998 - 2 - 6 C 
 Agarwal R, 1996 - 2 - 10 C 
 Hoffmann B, 1998 - 14 - 10 C 
 Oster JR, 1999 - 9 ± 6.4 C 
 Reitmeyer M, 1997 10 - 20 D 
 Glasser L, 1973 -3 - 3 E 
 Tietz NW, 1995 0 ± 6 F 
 Monson JP, 1994 0 ± 10 G 
 Tormey WP, 1977 < 10 H 
 Bhagat CI, 1984 < 10 I 

 

References Normal value 
mosm / kg H2O 

  Tietz NW, 1995 275 - 295 
 Kaplan LA, 1984 282 - 300 
 Leisly WL, 1983 285 - 310 
 Lentner C, 1981 289 - 295 
 Bell GH, 1976 281 - 297 
 Glasser L, 1973  280 - 300 males 

 275 - 295 females 
 Knight M, 2000  280 - 310 
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CONCLUSION 
 
It is concluded that among the eleven formulas for 
calculating the calculated osmolality (A through K), 
the formula H (1.89Na + 1.38K + 0.03SUN + 
1.08glucose + 7.45) is the most accurate formula. 
Using the formula H calculated osmolality is proven 
statistically to be not significantly different compared 
to measured osmolality determined by osmometer; in 
addition by using that formula there are no significant 
differences between male and female osmolal gaps. It 
is stated that the reference (or normal) value of osmolal 
gap (without differenciating between males and 
females) is less than 13.4 mosmol / kg H2O. The author 
recommends to utilize the formula H for calculating 
calculated osmolality as well as calculating osmolal 
gap for clinical purposes. 
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