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Abstract

Medical diagnosis can be studied using various sources of information, such as medical and hospital discharge records and laboratory
measurements. These sources do not always concur. The objective of the present study was to assess the sensitivity, specificity, and positive
and negative predictive values of hospital discharge diagnosis compared with clinical laboratory data for the identification of hyponatremia.
Patients with hyponatremia were selected from a hospital information system determined by the International Classification of Diseases,
9th edition (ICD-9). The validity parameters for hyponatremia (ICD code 276.1) were estimated by comparison with accurate serum sodium
(Na�) levels. A total of 2632 cases of hyponatremia were identified using laboratory measurements (Na� � 135 mmol/L). The sensitivity
of ICD coding for hyponatremia was maximally about 30% for patients with very severe hyponatremia (Na� � 115 mmol/L). Corresponding
specificities were high (� 99%). In 87% of the cases with severe hyponatremia (Na� � 125 mmol/L), other discharge ICD codes re-
flecting severe morbidity were found. This study suggests that ICD codes for hyponatremia represent only one third of the patients admitted
to the hospital and experiencing hyponatremia. About two thirds of the patients with hyponatremia were classified as hospitalized for other
reasons. To assess the validity of case finding of patients with hyponatremia, the use of analytical techniques, such as certain laboratory
measurements, is advisable. � 2003 Elsevier Inc. All rights reserved.
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1. Introduction

The use of administrative databases for pharmacoepide-
miologic research has increased over the past decades [1].
This progress in clinical information management has in-
creased the feasibility for investigating especially low-risk
outcomes associated with the use of medicines. In such data
sets, drug exposure data originate from prescriptions, or,
most often, pharmacy (outpatient) dispensing data and are
linked directly using a unique patient identifier or indirectly
using probabilistic record linkage with morbidity data from
hospital discharge records or general practitioners or other
electronic medical data sources [2,3].

Classification and coding systems for drug exposure (e.g.,
the Anatomical Therapeutic Chemical [ATC] coding system)
and morbidity outcomes (e.g., International Classification
of Diseases [ICD] codes) provide common language and
facilitate the retrieval and analysis of such data. Crucial in
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using these data is the validity, which has been studied and
discussed extensively [4–7]: In terms of a disease, were all
patients within the study domain with a certain outcome
retrieved as such (i.e., sensitivity)? and, were all patients
classified correctly (i.e., misclassification)? In general,
classification in a computerized medical database can be
subject to errors, ranging from incomplete reporting
by a physician to keypunch mistakes by the coding clerk.
Thus, critical considerations should be made when ad-
ministrative data are used for pharmacoepidemiologic
research [8].

Recently, we performed two studies examining the associ-
ation between the use of antidepressant drugs and the occur-
rence of hyponatremia, in which two different approaches
were used [9,10]. First, a case-control study was performed
using data from the Dutch PHARMO record linkage data-
base, which contains patients’ complete drug-dispensing
records obtained from pharmacy files and hospital discharge
records [2]. In this study, patients with hyponatremia were
identified using hospital discharge diagnosis classified ac-
cording to the ICD, 9th edition (ICD-9) [9]. Second, in
daily clinical practice a study was conducted in which patients
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with hyponatremia were identified using laboratory serum
sodium (Na�) measurements [10]. The results of both studies
were consistent and showed an increased risk for hypona-
tremia due to serotonergic antidepressants in comparison
with other antidepressants or nonrecipients of these agents.

Na� measurements are essential to diagnose hypona-
tremia. In textbooks, hyponatremia is usually defined as
Na� � 135 mmol/L [11]. The clinical symptoms of hypona-
tremia are variable and depend mainly on its severity and
abruptness of onset. Signs and symptoms of hyponatremia
generally do not appear until the Na� level falls below 130
mmol/L. Often, the clinical diagnosis of hyponatremia is
missed because of its asymptomatic feature. Hyponatremia
can cause significant morbidity, such as lethargy, headache,
confusion, convulsions and coma and can occasionally
cause death [12,13].

The objective of the present study was to assess the sensi-
tivity, specificity and positive predictive values (PPVs) and
negative predictive values (NPVs) of using ICD hospital dis-
charge diagnosis when compared with clinical laboratory
data for identifying patients with hyponatremia.

2. Methods

2.1. Setting

The study was conducted in a 550-bed general teaching
hospital that offers in- and outpatient services. The hospital
is located in the city of Tilburg, the Netherlands, and covers
a population of approximately 170,000 persons. The source
population of our study included all patients who had
been admitted to this hospital between January 1999 and
October 2000.

2.2. Data sources

Study subjects were identified using the hospital informa-
tion system (administrative database) and laboratory Na�

values. In the Tilburg region, all biochemical laboratory data
from in- and outpatients are recorded in a centralized data-
base and are available from a single clinical chemistry and
hematology laboratory. In the first instance, hyponatremia
was defined as a Na� � 135 mmol/L.

The entire hospitalization period, through discharge, was
screened for the presence of hyponatremia as registered in
the hospital administrative database. A patient was defined
as having hyponatremia if the specific ICD-9 code for hypo-
natremia (276.1) was documented. In the Netherlands, every
hospital is compelled to collect diagnostic data on all admis-
sions. This administrative database contains information on
patients’ demographics, admitting and discharge data, surgi-
cal procedures, and discharge diagnosis. The medical record
is the basis for the hospital’s administrative database. The
discharge abstract form (retrieved from the medical record)
asks for the principal diagnosis that precipitated the hospital
admission. This abstract also lists secondary diagnosis; com-
orbidities and complications that arise during the hospital
stay are commonly included in the secondary diagnosis. The
Dutch system allows the registration of up to ten ICD codes
per hospital admission. There were no external cause (E)
codes for hyponatremia registered in the database. The labo-
ratory data and the hospital administration database include
an anonymous unique personal identifier to allow a reli-
able linkage between information sources. All data were
anonymously provided, and the Medical Ethics Committee
of the hospital gave its approval to use these data.

2.3. Data analysis

Na� measurements were examined in detail and stratified
into a nominal scale variable: Na� � 135 mmol/L, Na� �
130 mmol/L, Na� � 125 mmol/L, Na� � 120 mmol/L, and
Na� � 115 mmol/L. The validity measures for hypona-
tremia were calculated for each stratum separately using the
Na� levels as the comparative reference group because
these laboratory measurements are elemental to the diagnosis
of hyponatremia. A patient coded as hyponatremic by
ICD-9 was considered as a confirmed case of hyponatremia
if at least one measurement of blood Na� was performed
within the hospital admission period. The hospital admission
period was the time between admission and discharge date.
The validity measures were based on the outcome of standard
2 � 2 tables.

Sensitivity was defined as the probability of hyponatremia
based on ICD coding, given true hyponatremia as indicated by
laboratory measurements. The percentage of false negative
diagnoses was calculated as 1—sensitivity. Specificity was
defined as the probability of not having hyponatremia based
on ICD coding, given hyponatremia was truly absent as
indicated by laboratory measurements. The PPV was defined
as the probability that a patient actually had hyponatremia,
given the ICD code for hyponatremia in the hospital dis-
charge data. The NPV was defined as the probability that a
patient had no hyponatremia, given absence of the ICD code
for hyponatremia.

In addition, logistical regression analysis was used to
estimate the probability and to assess the impact of several
risk factors for having hyponatremia, given the absence of
the ICD code for hyponatremia in the administrative data-
base. Potential risk factors for hyponatremia include age,
gender, diabetes mellitus, cardiovascular diseases, hepatic
and renal diseases, and thyroid disorders [9,10,14]. Univari-
ate correlates for hyponatremia with P � .05 were entered
into a stepwise multivariate model; the criteria for removal
of variables from the equation was set at P � .10. The re-
sults of the multivariate model were used to calculate proba-
bilities for hyponatremia. The probability was calculated as
1/(1 � e�z), where z is the sum of the constant and product
terms of regression coefficients and variables representing
the different risk factors [15]. Every hospital admission was
assumed a unique event; thus, the data were analyzed on a
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“per admission” basis. All statistical calculations were car-
ried out with the SPSS statistical package (version 10.0).

3. Results

The total number of admissions during the study period
was 48,423 from 34,515 patients. The specific ICD-9 code
for hyponatremia (276.1) was assigned in 48 of these pa-
tients. Thus, searching the hospital’s administrative database
for hyponatremia on basis of an ICD code would result in
a few dozen cases.

Among 12,671 admissions (n � 12,600 patients), one or
more Na� levels were measured (26%). Overall, based
on clinical chemistry results, a total of 2632 cases were
identified with Na� � 135 mmol/L and were considered to
be cases of hyponatremia (Table 1). The sensitivity of ICD-
9 codes for hyponatremia increased with decreasing cut-
off values for blood Na� levels. The sensitivities for cut-off of
Na� � 135 mmol/L, Na� � 130 mmol/L, Na� � 125 mmol/
L, Na� � 120 mmol/L, and Na� � 115 mmol/L were 2%,
6%, 13%, 26%, and 31%, respectively. The specificity was
high (� 99%) for each cut-off value.

In 87% of the patients validated as severely hyponatremic
(Na� � 125 mmol/L), other ICD codes were found in the
hospital’s administrative database. Table 2 presents the

Table 1
Validity measures using laboratory Na� values as reference group for
the diagnosis of hyponatremia

Hyponatremia

Yes No Total Percentage

Na� � 135 mmol/L
ICD � 276.1 44 4 48 Sensitivity 1.7

Specificity � 99.9
Not ICD � 276.1 2588 10,035 12,623 PPV 91.7
Total 2632 10,039 12,671 NPV 79.5

Na� � 130 mmol/L
ICD � 276.1 41 7 48 Sensitivity 6.1

Specificity � 99.9
Not ICD � 276.1 632 11,991 12,623 PPV 85.4
Total 673 11,998 12,671 NPV 95.0

Na� � 125 mmol/L
ICD � 276.1 27 21 48 Sensitivity 13.4

Specificity 99.8
Not ICD � 276.1 174 12,449 12,623 PPV 56.3
Total 201 12,470 12,671 NPV 98.6

Na� � 120 mmol/L
ICD � 276.1 20 28 48 Sensitivity 26.0

Specificity 99.8
Not ICD � 276.1 57 12,449 12,623 PPV 41.7
Total 77 12,470 12,671 NPV 99.6

Na� � 115 mmol/L
ICD � 276.1 11 37 48 Sensitivity 30.6

Specificity 99.7
Not ICD � 276.1 25 12,598 12,623 PPV 22.9
Total 36 12,635 12,671 NPV 99.8

Abbreviations: ICD, International Classification of Diseases; PPV, posi-
tive predictive value; NPV, negative predictive value.
frequencies of the morbidities in patients (n � 174) with
Na� � 125 mmol/L without a specific ICD code for hypona-
tremia. Diabetes mellitus (24%), heart failure (15%), and
other disorders of fluid, electrolyte, and acid–base balance
(12%) were among the most frequently reported reasons for
hospitalization with “hidden” hyponatremia.

When 135 mmol/L Na� is used as cut-off value for hypo-
natremia, 4 out of 48 cases were wrongly coded as hypona-
tremic in the hospital discharge database, which resulted in
an overall PPV of 92% (Table 1). Three out of four patients
had increased instead of decreased Na� levels during hospi-
talization. The PPV for codes specifying hyponatremia de-
creased as the laboratory cut-off values for hyponatremia
were lowered. The NPV was high for each cut-off value.

When univariate variables for hidden hyponatremia were
entered into a stepwise logistic regression analysis, the sig-
nificant correlates for hyponatremia were age, gender, heart
failure, emphysema, lung cancer, diabetes mellitus, liver
disease, renal disease, hyperkaliemia, and other disorders
of fluid, electrolyte, and acid–base balance (Table 3). For
example, for a female patient (age 70) without an ICD code
for hyponatremia admitted with a diabetic crisis and known

Table 2
Frequencies of hospital discharge codes in patients with Na� � 125
mmol/L (n � 174) and Na� � 125 mmol/L (n � 12,449) but without
ICD classification for hyponatremia

ICD-9 Frequency (%)a Frequency (%)a

Morbidity code � 125 mmol/L � 125 mmol/L

Cardiovascular diseases
Cardiac arrhythmias 427 9 7
Chronic ischemic

heart disease 413, 414 5 5
Heart failure 428 15 8
Hypertension 401 5 6
MI/acute ischemic

heart disease 410, 411 10 10
Old myocardial

infarction 412 8 8
Lung diseases

COPD 496 6 6
Emphysema 492, 518 3 2
Lung cancer 162 5 2

Other diseases
Diabetes mellitus 250 24 14
Liver disease 570–573 6 2
Renal disease 582–590 6 4
Hyperkalemia 276.7 2 � 1
Other disorders of fluid,

electrolyte and
acid-base balance 276 12 2

(not 276.1,
276.7)

Hypo/hyperthyroid
disease 240–246 7 4

Abbreviations: ICD-9, International Classification of Diseases, 9th edi-
tion; MI, myocardial infarction; COPD, chronic obstructive pulmonary
disease.

a Numbers do not add up to 100% because patients were frequently
assigned more than one discharge diagnosis.
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Table 3
Logistic regression variables as predictors for hidden hyponatremia
defined as Na� cut-off � 125 mmol/L

Probability
Variablesa β SE OR 95% CI (%)

Intercept �1.911 0.071 13
Age (per year) 0.004 0.001 1.004 1.002–1.006
Gender (women) 0.174 0.045 1.19 1.09–1.30 50
Heart failure 0.465 0.075 1.59 1.38–1.85 61
Emphysema 0.752 0.144 2.12 1.60–2.81 68
Lung cancer 0.719 0.144 2.05 1.55–2.72 67
Diabetes mellitus 0.398 0.060 1.49 1.32–1.67 60
Liver disease 1.097 0.122 3.00 2.36–3.80 75
Renal disease 0.317 0.112 1.37 1.10–1.71 58
Hyperkalemia 1.894 0.548 6.65 2.27–19.4 87
Other disorders of

fluid, electrolyte,
and acid–base
balance 0.840 0.123 2.32 1.82–2.95 70

Abbreviations: SE, standard error; OR, odds ratio; CI, confidence
interval.

a Not selected in the stepwise logistic model: cardiac arrhythmias,
chronic ischemic heart disease, hypertension, myocardial infarction, chronic
obstructive pulmonary disease, hypo/hyperthyroid disease.

to have liver disease, the predicted probability for having
hyponatremia was 53%. In the absence of any variable, the
probability for hyponatremia was about 13%.

4. Discussion

The validity of using ICD codes for identifying cases
with hyponatremia in hospitalized patients as presented in
this study warrants careful weighing of the pros and cons of
such data sources. Administrative data have clear advantages
in terms of availability, cost-effectiveness, and large num-
bers. However, the data in this study show that using the
specific ICD code for hyponatremia may lead to serious
underestimates; the same is valid for other symptoms of
severe morbidities (e.g., cardiac arrhythmias in patients with
severe heart failure [16] and acid-base disturbances in pa-
tients with specific types of cancer [17]). One may argue that
such concomitant clinical features hidden by more severe
morbidity are probably more related to the underlying dis-
ease and are rarely drug induced. However, one should also
take into account that the inability to identify the large major-
ity of cases of a specific outcome, in this study hyponatremia,
may lead to bias in case-control studies when controls are
sampled from the source population and include a significant
number of hidden patients with hyponatremia.

In this study, approximately 87% (174/201) of the patients
with serious hyponatremia (�125 mmol/L) were not coded
as such in the hospital discharge database, and 94% of all
patients with Na� � 130 mmol/L were not labeled accord-
ingly. Overall, the sensitivity increased with lowering the
laboratory cut-off values for hyponatremia. When we used
more strict criteria for hyponatremia, the sensitivity in-
creased to about 30%. The specificity was uniformly high
in all strata. The PPV for the ICD code used to identify
cases with hyponatremia was 92% when using a cut-off of
135 mmol/L.

According to the multivariate model, about 13% of all
hospitalized patients are expected to have hyponatremia
irrespective of other variables, which corresponds with fre-
quencies cited in the literature [18,19]. The probability for
hyponatremia in patients not labeled as such increases in
patients having one or more risk factors for hyponatremia.
This finding confirms the suggestion that hyponatremia
is hidden under a more serious and recognized clinical
situation.

Previous data comparing hospital administrative data with
raw laboratory data are rare. Studies comparing medical
records with hospital administrative data have been con-
ducted but are often inconsistent. The validity measurements
using ICD codes for identifying diagnostic information were
assessed in previous studies [5,6,20–22]. For complicated
peptic ulcer disease, Raiford et al. found high levels of
accuracy (PPV 90%) comparing hospital medical records
with ICD codes from an administrative database [20]. Com-
parable results were found by Cattaruzzi et al. [21]. McCar-
thy et al. determined whether clinical evidence was found
in medical records for medical complications coded by ICD
[22]. Their study showed that administrative data overesti-
mated the presence of certain medical conditions. Overall,
it was found that no documented evidence was available for
20% to 30% of all ICD codes in patients’ files.

In the present study, we found that the rates of confirma-
tory laboratory evidence for hyponatremia varied widely
over the different strata. One potential explanation for our
findings is that in everyday clinical practice, hyponatremia
is difficult to diagnose by means of physical examination and
is not always considered [23]. Another possible explanation is
that sodium laboratory tests were routinely recorded in a
selected patient population with other severe comorbidities.
In that situation, the diagnostic labeling process might be
biased. In general, patients with a mild form of a condition
are not recorded accordingly if the administrative database
records only more severe comorbidities. The Dutch system
allows registration up to ten clinical manifestations, but a
previous study has shown that an increased number of regis-
tration positions on the discharge abstract form does not
necessarily improve coding completeness [4]. A physician
can introduce differential under-reporting when only the
most severe clinical situations are coded. Previous research-
ers found that severity of illness and complications take
precedence in coding over chronic comorbid conditions
[4,24]. Serious risk factors for hyponatremia were frequently
reported in patients that were not labeled as hyponatremia
(Table 2). This finding supports the possibility that some
comorbidities are judged more important than others in
the coding process. In this study, even in patients with a
potentially fatal condition of hyponatremia (Na� � 115
mmol/L), only about 30% had been recorded correctly as
hyponatremic.
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Fig. 1. “Tip of the iceberg” principle.
The generalizability of the data should be taken into
account. This study was performed using data from only
one hospital, so the results may not be generalizable to other
services or settings. Furthermore, the results of this study
are not necessarily transferable to other types of medical
problems. The ability of administrative databases to identify
patients’ diagnoses may be different for other types of medi-
cal situations. A key advantage of our study is the fact that
we had access to accurate laboratory measurements—false
positive classification by ICD coding is restricted when labo-
ratory values are used. The use of abnormal laboratory results
as an adverse drug reaction (ADR) indicator would poten-
tially identify two thirds of all adverse drug reactions [25].
From this point of view, the use of clinical laboratory data
as reference data is preferable to ICD codes studying ADRs
or other clinical events. The large number of cases for which
laboratory and administrative data were available and com-
parable favors the results of our study.

The results in this study raise important considerations
for researchers using computerized medical databases or
laboratory data to identify patient outcomes in an epidemio-
logic study. First, the principal of the “tip of the iceberg,”
which is familiar within cases of spontaneous reporting,
should be taken intoaccount. It is not unlikely that only a small
proportion of hyponatremic cases was detected and coded.
This concept is explored further in Fig. 1: When area c
becomes relatively small, sample size issues can become
problematic in designing a (pharmaco) epidemiologic study.
However, administrative databases are often large enough
to provide adequate population sizes for measuring drug
exposure and rare medical events [26]. Second, a key advan-
tage of using centralized clinical chemical laboratory data
is that the population under study can be well defined and
enumerated. Laboratory data facilitates the identification of
all the cases occurring in the population, which directly
reduces the likelihood of selection bias. However, in the
case of hyponatremia, it is not unlikely that only the most
severe cases were referred to the hospital and identified as
hyponatremic and recorded accordingly. In that case, the
use of administrative data based on discharge codes also
underestimates the presence of hyponatremia by recording
only the most severe cases. Irrespective of the use of central-
ized laboratory data, selection bias may still be a concern
because of the bias associated with referral for laboratorium
tests in general and serum sodium tests in particular. Selec-
tion of patients (referral bias) should be taken into account
when assessing the prevalences of comorbidities by the use
of hospital administrative databases that supply hospital dis-
charge codes only.

In summary, we found that ICD codes are highly specific
for hyponatremia but are not very sensitive. The complete-
ness of hospital discharge ICD codes for hyponatremia may
lead to an underestimate of the prevalence estimate. From
this point of view, the use of administrative data only for
the detection of clinically relevant patient outcomes (e.g.,
adverse drug effects) also occurring as concomitant clinical
feature in patients with severe morbidity comprises im-
portant limitations. Thus, analytical laboratory measure-
ments obtained in daily clinical practice are of important
additive value in pharmacoepidemiologic studies investi-
gating infrequent (adverse) effects.
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