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Abstract

The study on risk classification was conducted on 183 hospitalized dengue patients (4 DF, 179 DHF).
The severity of the risk criteria was determined based on three blood investigations, namely, platelet
(PLT) count (less than or equal to 30 000 cells per mm3), haematocrit (HCT) (increase by more than or
equal to 20%), and either aspartate aminotransferase (AST) level (raised by 5-fold the normal upper
limit) or alanine aminotransferase (ALT) level (raised by 5-fold the normal upper limit). The patients
were divided into three groups based on their risk factors and the corresponding bioelectrical impedance
analysis (BIA) (i.e. bioelectrical tissue conductivity (BETC) parameters), namely, resistance (R), phase
angle (α), body capacitance (BC) and capacitive reactance (XC) were obtained and quantified. Using
logistic regression analysis, XC was found to be the best predictor in predicting the risk and severity in
dengue patients. Subsequent two-way analysis of variance (ANOVA) found that there was a statistically
significant relationship between the group categories and the change in XC.

Hence, it was shown that BIA, as reflected by the XC value, can effectively segregate between the
lower-risk (female mean XC = 60.70Ω, range 58.09Ω–63.43Ω; male mean XC = 62.17Ω, range 59.92Ω–
64.46Ω) and the higher-risk dengue patients (female mean XC = 43.99Ω, range 42.05Ω–45.97Ω; male
mean XC = 50.65Ω range 49.25Ω–52.09Ω), with the control data ((female mean XC =69.41Ω, range
67.09Ω–71.74Ω), and (male mean XC =64.19Ω, range 61.37Ω–67.15Ω)).
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Introduction

Dengue fever was first reported in Malaya (the
former name for Malaysia) after an epidemic
in Penang in 1902.[1,2] Since then the disease

has become endemic in the country with cases
reported throughout the year. In 1998, there
were 27 373 dengue cases with 58 deaths
reported, as compared to 19 544 cases with
50 deaths in 1997. This has shown an increase
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of 7829 cases or 40.1% in one year.[3]

However, the dengue haemorrhagic fever
(DHF) case-fatality rate (CFR) increased to
1.7%.[4] In 2001, there was a sharp increase in
dengue cases in the country according to the
vector-borne disease unit of the Ministry of
Health, Malaysia.[5] In 2003, the serologically
confirmed dengue cases totaled 14 170, which
number was slightly lower than the previous
year (15 493). The CFR dropped to 4.5% as
compared to 5.05% in 2002. The most deaths
were seen in the 5–9-year-old age group, with
adults mainly in the 20–35 years age groups.
The dengue cases have seen a rise of 16%
every year since 2003.[6] Fatalities related to
dengue cases reached record levels in 2004,
when 102 fatalities were reported.[6] In January
2005, the number of infections in parts of
Malaysia rose significantly, with about 250
suspected dengue cases reported each week
in Kuala Lumpur, compared to an average of
100 cases weekly in December 2003. An
increase of 34.97%, representing 1416 cases,
was recorded during the second week (Jan 9-
15) of the year compared to the previous week
(1049 cases).[7] Forty-four dengue patients died
in the first four months of 2007 out of 16 214
cases reported, compared to 21 deaths and
10 244 cases in the same period last year.[6]

Due to the constantly high fatality rate, an
accurate determination of the prognosis of the
disease plays a very important role in the patient
management, so that the high risk patients can
be treated more intensively in their early phase
to improve survival. A non-invasive prognostic
system for dengue infection is yet to be
developed and deployed in Malaysia. Due to
the endemic dengue phenomenon in the
country, there is a real and obvious need for
such a prognostic system to be made available
as soon as possible.

This paper describes a novel non-invasive
approach to monitor and classify the daily risk
in dengue patients using the single-frequency

bioelectrical impedance technique. The
research findings illustrate that any change in
the value of reactance (XC) will indicate the
changes in electrical conductivity of the body
and this can be used to monitor and classify
the risk severity in dengue patients.

Principles of bioelectrical
impedance in humans

Impedance (Z) is a measurement of the ability
of a medium to conduct current. All conductive
materials have impedance, including living
tissues. The impedance of various organisms
is known as bioelectrical impedance, which
may vary seasonally, diurnally, and when
stimulated with an assortment of stimuli. An
example of the said stimulus includes
physiological changes that occur when a body
is affected by fever caused by bacterial and
viral infections.

Bioelectrical impedance analysis (BIA) is
the assessment of changes in electrical tissue
conductivity that indicate altered body
composition. The impedance of the body is
made up of two components. The resistance
(R) is the index of conductivity determined by
energy-dissipating characteristics of the body.
The reactance (XC) is the index of conductivity
determined by the energy-storing
characteristics of the body.

In the healthy living body, the cell
membrane consists of a layer of non-conductive
lipid material sandwiched between two layers
of conductive protein molecules. The structure
of cell membranes makes them capacitive
reactive elements which behave as capacitors
when exposed to an alternating current (Figures
1a & 1b).[8] Although the total body water and
extracellular water offer resistance to electrical
current, only cell membranes offer capacitive
reactance. Since fat tissue cells are not
surrounded by cell membranes, reactance is
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not affected by the quantity of body fat. Typical
total body BIA measurements display the
vectors of resistance and reactance, which are
intrinsically based on a series network of
resistors and capacitors (Figure 2).

Biologically, the cell membrane functions
as a selectively permeable barrier separating
the intracellular and extracellular fluid
compartments. It protects the interior of the

cell while allowing passage of some materials
to which it is permeable. The cell membrane
maintains a fluid osmotic pressure and ion
concentration gradient between the
intracellular and extracellular compartments.
This gradient creates an electrical potential
difference across the membrane which is
essential to cell survival. Damage to the cell
membrane, and its functions, is as lethal to
the cell as direct damage to the nucleus itself.

Figure 1(a): The plasma membrane of cell
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Resistance is indirectly related to the
extracellular mass and reactance (XC) is
indirectly related to the intracellular mass. Low
XC, which correspond to the inability of cells to
store energy and indicates of cell breakdown
in selective permeability of cell membranes.
On the contrary, high XC, indicates large
quantities of intact cell membranes and body
cell mass.[9,10,11]

Methodology

Subjects

A total of 183 adult patients aged 12 years and
above, serologically[12,13] confirmed (IgM or IgG
positive) dengue patients during their
hospitalization in University Kebangsaan
Malaysia (HUKM) in 2001 and 2002, were
prospectively studied. For the control data, a
total of 142 healthy volunteers with no past
medical history were recruited and studied.

Serological study

Blood samples were taken from patients with
a clinical diagnosis of DF and DHF during
admission and discharge to be used in the
serological tests. Sera were stored at –20 °C
for serological tests. Total white cell count
(TWBC), platelet counts (PLT) and haematocrit
(HCT) or packed cell volume (PCV)
determination were done using an automated
STKS counter (Street Scientific, Holliston). This
unit was calibrated everyday with a standardized
specimen to ensure that the accuracy and
precision lay within the acceptable range.

All the dengue patients’ serum samples
were tested in the HUKM for serological
evidence of acute dengue virus infection using
IgM capture enzyme-linked immunosorbent
assay (ELISA)[12,13,14,15] or PanBio (2001)[16]

dengue duo IgM and IgG rapid strip test. If the
findings of ELISA were inconclusive, additional
haemagglutin-inhibition (HI) assays were
performed at the WHO collaborating Centre
for Arbovirus Reference and Research (dengue
and dengue haemorrhagic fever) in Department
of Microbiology, University of Malaya Medical
Centre (UMMC), Kuala Lumpur.

Bioelectrical impedance
measurement

All patients were required to abstain from
eating and drinking for four hours and from
alcohol and physical exercise for 12 hours prior
to the BIA measurement. These protocols were
implemented to ensure accurate body
composition results.[17] Informed consent was
obtained for each patient and anthropometrics
measurements (height and weight) were taken
at admission. The clinical data comprised of
date of onset of fever, daily surveillance of
symptoms, signs, physical examination, blood
results from laboratory tests and the
bioelectrical impedance measurements. The

Figure 2: Circuit of resistors and capacitors
in the human body
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clinical data, weight and bioelectrical
impedance measurement were taken daily, on
admission, and upon discharge. This in vivo
technique involved the application of a small
average constant current of less than 1 mA at
a single frequency of 50 kHz through the human
body, and measuring the body’s bioelectrical
tissue conductivity (BETC) parameters, namely,
R, phase angle (α), body capacitance (BC), and
capacitive reactance (XC) via four surface
electrodes.

Two electrodes were placed on the
patient’s right hand, one at the base of the
knuckles and another slightly above the wrist
joint. Another two electrodes were placed on
the right foot; one near the base of the toes
and the other slightly above the ankle joint. A
constant current was applied to the base of
the knuckles and base of the toes, and the
signal was picked up by the other two sensor
electrodes (slightly above the ankle and wrist
joint) as shown in Figure 3.

Study protocol and risk
classification

The clinical diagnosis and severity of dengue
haemorrhagic fever grade I to IV were based
on WHO recommendations.[18] Since the
patients were admitted at different stages of
their illness, the daily progress of the patients
was dated with reference to the day the fever
subsided (‘Fever day +0’). Hence, ‘Fever day
+0’ is defined as the day the fever subsided,
i.e. when the body temperature fell below
37.5 °C. Days prior to the fever day +0 were
designated as ‘Fever day –1’ (one day before
the fever subsided), etc. Days after the fever
subsided are designated as ‘Fever day +1’ (one
day after the fever subsided) and so on.

In this study, the severity of dengue risk
criteria was determined based on the earlier
research findings[18,19,20,21,22,23,24] and confirmed
haematological profile (PLT, HCT, aspartate

Figure 3: Bioelectrical impedance measurement test position and
placement of sensor electrodes
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aminotransferase (AST), alanine amino-
transfansferase (ALT)) analysis finding in this
research. An exhaustive literature review
conducted by Bandyopadhya et al.[24] reveals
the difficulties of using the WHO case
classification for DHF. It found that most
clinicians reported difficulties in meeting all the
four criteria: (i) fever; (ii) haemorrhagic
tendencies; (iii) thrombocytopenia (100 000
cells per mm3); and (iv) HCT >20% set by
WHO. Therefore, most clinicians used the
modified classification in their study. This study
also faced the same problem and the criteria
of the risk were not based on WHO
classification solely; therefore, some
modification was made. Thus, the severity of
dengue risk criteria was determined based on
the following blood investigations: (i) platelet
(PLT) count was less than or equal to 30 000
cells per mm3;[19,20] (ii) haematocrit (HCT)
increase by more than or equal to 20%;[18] and
(iii) aspartate aminotransferase (AST) rose by
5-fold the normal upper limit for AST[21,22,23] and
alanine aminotransfansferase (ALT) rose by 5-
fold the normal upper limit for ALT.[21,22,23] The
patients were divided into three groups based
on their risk factors: (i) Group 1 (lower risk
group) accounted for DHF patients who did
not experience any of the defined risk criteria,
or experienced only one of the three risk
criteria; (ii) Group 2 (higher risk group)
accounted for DHF patients who experienced
two or more risk criteria; and (iii) Group 3
(control data) was the control group for healthy
female and male subjects. Once the dengue
patients were classified according to their
groups, the corresponding BETC parameters
were subsequently obtained and quantified.

Statistical analysis

Data were analysed using the SPSS statistical
package version 10.01 for Windows 1998.
Kolmogorov-Smirnov test and simple linear
regression were used for examining the

normality assumption and for tests of
significance. If the variable was not normally
distributed, natural logarithm was used to
transform the variables. Using logistic regression
analysis, XC was found to be the best predictor
in predicting the risk factors in dengue
patients.[23] Subsequent two-way analysis of
variance (ANOVA) found that there was a
statistically significant relationship between the
group categories and the change in XC. The
mean of HCT and XC in the Groups 1 and 2
with fluid infusion and without were compared
to find any significant changes.

Results and discussions

Clinical dengue patients

The 142 healthy controls (91 females and 51
males) had their BIA measured. The clinical data
and BIA measurements were made on 97 male
and 86 female DF and DHF patients during their
hospitalization. The ages of the patients varied
between 12 and 83 years (mean of 30.8 years).
The length of hospital stay ranged from 2 to 18
days (mean of 4.7 days). Three female and one
male patients were clinically diagnosed as DF,
83 as DHF I (39 females and 44 males), 92 as
DHF II (40 females and 52 males) and 4 female
patients as dengue shock syndrome (DSS). No
DSS or fatal case was reported in the male DHF
patients.

The detailed descriptive analysis of
haematological profile (97 males and 86 female
dengue patients) for PLT, HCT, AST and ALT
are tabulated in Table 1. For example, the
minimum platelet count recorded on the day
of fever defervescence (‘Fever day 0’) was
8000 cell/mm3, while the maximum was
136 000 cell/mm3, with a mean of 37 400 ±
25 cell/mm3 for the male patients. The females’
minimum and maximum documented platelet
counts were 7000 cell/mm3 and 162 000 cell/
mm3 respectively with a mean of 48 000 ± 35
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cell/mm3. The mean platelet counts observed
for both male and female dengue patients was
low on the day of fever defervescence (‘Fever
day 0’) and remained low for the next 2 to 4
days (‘Fever days 1 to 4’). In this study, many
DHF patients with platelet count (mean ± SD)
of lesser than 100 000 cell/mm3 were observed
to be not ill (Table 1). However, it was observed

that the criteria of platelet count <30 000 cell/
mm3 identified the more severe cases.

The distribution of serum transaminase is
also shown in Table 1. The mean levels of ALT
and AST on ‘Fever day 0’ for male subjects were
177.9 ± 138 U/I (range 12–580 U/I) and 291.1
± 241 U/I (range 79–696 U/I) respectively. On

Table 1: Haematological profile for PLT, HCT, AST, and ALT in dengue patients

The reference value for normal range of PLT, HCT, ALT and AST are based on Berhman and Kliegman[26]
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the other hand, the female mean levels of ALT
and AST on ‘Fever day 0’ were 267.7 ± 458 U/
I (range 13–2270 U/I) and 755.5 ± 586 U/I
(range 341–1170 U/I) respectively. The results
indicate that both male and female dengue
patients had liver involvement (hepatocyte
injury), ranging from mild to moderate degrees,
as indicated by the elevation in the transaminase
levels (>5-fold greater than the normal upper
limit of AST and ALT).

It was also observed that the AST level was
higher than that of ALT level in female dengue
patients, while in the male patients, it only
occurred on fever days 0 and +1. The female
mean levels of AST and ALT were higher (the
average for fever days 0 to +4 was >9-fold
greater than the normal upper limit of AST and
ALT) than the value for male subjects for all fever
days (the average for fever days 0 to 4 was <5-
fold greater than the normal upper limit for the
AST and ALT), as illustrated in Table 1. These
findings are in agreement with those of Nguyen
et al.[25] and Kuo et al.,[21] who documented
that the elevation in the transaminase levels were
<5-fold and >10-fold greater than the normal
upper limit for AST and ALT respectively. Thus,
the criteria of 5-fold rise above the normal upper
limit for AST and ALT were chosen.

The mean HCT levels for both female and
male dengue patients were not much elevated
with subsequent fever days. For example, on
‘Fever day 0’ the female and male HCT values
were 38.9 ± 7% and 44.7 ± 6% respectively.
The overall descriptive analysis of haematological
profile (Table 1) showed that constant

abnormalities occur in PLT, AST and ALT, while
HCT only has a moderate elevation.

In the group’s risk categorization, 91 (49.7%)
dengue patients were in the lower risk group,
while 92 (50.3%) were in the higher risk group.
The detailed dengue diagnosis breakdown is
shown in Table 2. The higher risk group consists
of 92 DHF patients, which was made up of 32
(17.5%) DHF I, 56 (30.6%) DHF II, and 4 (2.2%)
DHF IV/DSS patients. The detailed descriptive
analysis of haematological profile for PLT, HCT,
AST and ALT in both lower and higher-risk patient
groups in the duration of ‘Fever day 0’ to ‘Fever
day +4’ are tabulated in Table 3.

It can be observed that both groups
produced abnormal PLT, HCT, ALT and ALT
levels. Patients in the higher-risk group (Group
2) produced the lowest PLT values with an
average of 7000 cells/mm3 for both genders.
The distribution of serum transaminases (AST
and ALT) indicate that the females in Group 2
had their ALT levels raised by 76-fold (2353/31)
the normal upper limit (<31),[26] whereas the
AST levels were raised by 167-fold (5179/31)
the normal upper limit (<31).[26] On the other
hand, the ALT and AST values for males in Group
2 were only raised by 14.5-fold and 18.8-fold
the normal upper limits of ALT and AST,
respectively (Table 3). These results show that
patients in the higher-risk group (Group 2) had
a high degree of liver involvement. In addition,
the HCT values for female (55.9) and male
(65.7) subjects in Group 2 had exceeded the
upper normal values (37–47) of HCT at 47 and
54 respectively (see Table 3).

Table 2: Dengue diagnosis breakdown according to risk group

Groups DF DHF I DHF II DHF IV/DSS Total cases

Lower risk (Group 1) 4 51 36 Nil 91

Higher risk (Group 2) Nil 32 56 4 92

Dengue diagnosis cases 4 83 92 4 183
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BIA result analysis

Table 4 shows the value of HCT and XC for the
dengue patients in Groups 1 and 2, without or
with intravenous fluid. At ‘Fever days 0-4’, the
mean values of HCT and XC without fluid
infusion (HCT = 39.05, XC = 61.43 Ω) or with
fluid infusion (HCT= 37.56, XC = 62.89 Ω) in
Group 1, do not differ much. For Group 2, at
‘Fever days 0-4’ the mean values of HCT and
XC without fluid infusion (HCT = 37.75, XC =
51.31 Ω) or with fluid infusion (HCT= 40.13,
XC = 47.92 Ω) in Group 2 also do not differ
much. However, when these mean values of
HCT and XC were compared between Groups
1 and 2, it was observed that the value of XC
was always lower in the higher risk group (with
or without fluid infusion) than the lower risk
group.

In lower-risk (Group 1) dengue patients with
the fluid infusion, the HCT showed the
decreased value, while the XC was high. On the
other hand, for the higher-risk (Group 2) dengue
patients with fluid infusion, the HCT showed
an increased value, while the XC was low. At
this moment, we do not have data on normal
individual of the degree of XC in relation to the
HCT, whether affected by the fluid infusion or
not; however, in the lower-risk Group 1 the HCT

tends to drop with fluid infusion with XC (XC =
62.89 Ω) being higher, approaching the normal
healthy individuals. Thus, we extrapolate further
that in Group 1 the intracellular cell membrane
is not much affected. On the other hand, in
the higher-risk Group 2, with fluid infusion, the
HCT continues to increase and this is reflected
further by the XC (XC = 47.92 Ω) that is relatively
low. This shows that the intracellular cell
membrane is low and is affected by the severity
in dengue, and low XC is indicative of cell
breakdown in selective permeability of the cell
membrane. Thus, XC is the indicator for the
degree of severity in dengue patients.

The interesting results indicate that the fluid
infusion does not alter the cell membrane
(average reactance value) for ‘Fever days 0-4’
Group 1 (lower risk) patient without fluid
infusion (61.43 Ω) and with fluid infusion (62.89
Ω), while Group 2 (higher risk) patient without
fluid infusion (51.3 Ω) and with fluid infusion
(47.92 Ω). However, the value of XC is different
between the groups (Group 1, XC = 62.89 Ω :
Group 2, XC = 47.92 Ω for fluid infusion) or
(without fluid infusion Group 1, XC = 61.43 Ω :
Group 2, XC = 51.3 Ω). Reactance can be the
indicator for the dengue severity by the low
value of reactance in the higher-risk group as
compared to lower-risk group.

Table 3: Blood investigations for both lower risk (Group 1) and higher risk (Group 2)

N=sample size
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Theoretically, reactance in BIA is a measure
of the volume of cell membrane capacitance
and an indirect measure of the intracellular
volume or body cell mass. Any changes in the
cell membrane can be measured by reactance
indirectly. In a normal healthy subject, if there
is a fluid infusion, it will go to the intravascular
space, and if there is an excessive fluid it will go
to the bladder and output as urine. It should
not leak out in the extravascular space. However,
in dengue patients, the fluid will leak into the
extravascular space[18] via the fine capillary, and,
in this case, the volume of the cell membrane
and the skin are the major organs involved. This
degree of fluid leakage can be indirectly
measured by the reactance value which is well-
recognized as one of the importance of increased

vascular permeability in the pathophysiology of
DSS. In the case of severe dengue, prompt and
vigorous volume replacement therapy is required
with extreme care to avoid fluid overload. If
more fluid is infused, there will be leakage;
however, it will prevent the patient from
hypovolemic shock.[27,28]

The degree of reactance value according
to the WHO classification and the research
classification for days 0–4 are illustrated in Figures
4 {a(i), b(i), c(i),d(i), and e(i), respectively}. The
graphs in Figures 4 a(i) to e(i), which is classified
by WHO, do not show any significant difference
of reactance value in the degree of DHF I till
IV. However, our proposed classification shown
in Figures 4 a(ii) to e(ii) is more precise sub-

Table 4: Summary of reactance value with dengue patients with or without fluid intravenous
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classification in the groups of DHF I till DHF IV.
For example, in Figure 4 a(ii), dengue patients
within DHF I and DHF II themselves can be
sub-classified to their risk categorization (lower
risk or higher risk). From Figures 4 a(ii) to e(ii),
dengue patients in DHF I and DHF II can be
sub-classified to their risk category {lower-risk
(Group 1 and higher-risk (Group 2)} and there

is a significant difference (p≤0.05) in the
reactance between Groups 1 and 2 in DHF I
and II for ‘Fever days 0 to 3’ {See Figures 4 a(ii)
to d(ii)}. For ‘Fever day 4’ there is only significant
difference (p≤0.05) in reactance between lower
risk (Group 1) and higher risk (Group 2) in DHF
I {See Figure 4e(ii)}. From Figures 4 a(i) to e(ii),
it can be observed that there were many dengue
patients from the DHF I who were at equal risk

Figure 4 a(i): The reactance classified
according to WHO classification

at ‘Fever day 0’

DHF I (36) DHF II (46) DHF IV/DSS (4) Healthy (142)

Dengue diagnosis

20.0

30.0

40.0

50.0

60.0

70.0

80.0

9
5

%
C

I
R

ea
ct

an
ce

(X
c)
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Figure 4 b(i): The reactance classified
according to WHO classification
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Figure 4 b(ii): The reactance classified
according to research proposed
classification at ‘Fever day 1’

9
5

%
C

I
R

e
ac

ta
n

ce
(X

c)

1

2

3

23

32
22

142

4

50
23

20.0

40.0

60.0

80.0

100.0

DF DHF I DHF II DHF IV/DSS Healthy

Dengue diagnosis

Group



Risk measurement of dengue infection using bioelectrical impedance analysis

Dengue Bulletin – Volume 31, 2007 69

DF (4) DHF 1 (65) DHF II (66) DHF IV/DSS (3) Healthy (142)

Dengue diagnosis

10.0

20.0

30.0

40.0

50.0

60.0

70.0

80.0

9
5
%

C
I

R
e
ac

ta
n

ce
(X

c)

Figure 4 c(i): The reactance classified
according to WHO classification

at ‘Fever day 2’

Figure 4 c(ii): The reactance classified
according to research proposed
classification at ‘Fever day 2’
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Figure 4 d(i): The reactance classified
according to WHO classification
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Figure 4 d(ii): The reactance classified
according to research proposed
classification at ‘Fever day 3’
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(indicated by the low reactance) as in the degree
of DHF II patients. Surprisingly, there were many
dengue patients from DHF II that were not at
as much risk (indicated by high reactance) that
they can be classified in the degree of DHF I.
Thus, low reactance is the indicator for dengue
severity regardless of the status of the degree
of DHF in patients of DHF I and II.

Table 5 summarizes the mean reactance
classification results in the duration of ‘Fever

day 0’ to ‘Fever day +4’ for both the lower-
(Group 1) and higher-risk (Group 2) groups. The
results indicate that reactance can strongly differ
between the higher- and the lower-risk groups.
The females in the higher-risk group (Group 2)
produced 44.0 Ω on average compared to 60.7
Ω produced by the females in the lower-risk
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group (Group 1). In addition, the males in Group
2 also produced a lower reactance value of 50.6
Ω compared to 62.2 Ω produced by those in
Group 1 (see Table 5).

The trend for the overall mean reactance
values for both genders in comparison with the
lower- (Group 1) and higher-risk groups (Group
2) are shown in Figures 5 (a) and 5 (b). For

female dengue patients, it can be observed
that the mean reactance value decreases
gradually with ‘fever days’. For example, ‘Fever
day 0’ recorded a mean reactance value of
47.51 Ω and this decreases to 42.14 Ω on
‘Fever day 1’ {Figure 5(a)}. On the other hand,
the lower-risk group shows an increasing trend
beginning on ‘Fever day +1’ at 59.14 Ω and
ending at 59.68 Ω on ‘Fever day +4’.

Male patients, however, showed an
increasing mean reactance value with fever
days for both risk groups (Figure 5 (b)). The
mean reactance value increases from 60.95 Ω
(‘Fever day 0’) to 66.49 Ω (‘Fever day +4’)
for patients in Group 1. Group 2, on the other
hand, recorded an increase from 50.10 Ω
(‘Fever day 0’) to 52.93 Ω (‘Fever day +4’).

It can be noted that although both groups
show an increasing trend of improvement, the
higher-risk group always experienced a lower
value of reactance compared with the lower-
risk group. Therefore, it may be concluded that
male patients showed a positive response to
clinical management and generally recovered
faster than female patients. Female patients,
thus, are at a higher risk than the males,
especially those categorized in the higher-risk
group (Group 2). The finding that the three fatal
cases were all females supports this conclusion.

The mean reactance values with fever days
for the DSS cases (3 fatal, 1 survived) are shown
in Figures 6 (a) and 6 (b). The trend of the three
fatal DSS cases (case 1, case 2, and case 3) in
female patients is similar with the trend of the
higher-risk group (Group 2), shown earlier in
Figure 6 (a). Case 1 was a 12-year-old girl
diagnosed with DSS with no past medical history,
and presented with bleeding (i.e. vomiting and
coughing blood, nose bleeding and tarry blood
stool on admission day). She showed a decreasing
trend of mean reactance value beginning on
‘Fever day -4’ (reactance = 58.9 Ω) and ending
at ‘Fever day +2’ (reactance = 25.5 Ω), when
she died due to multiple organ failure.

Figure 4 e(i): The reactance classified
according to WHO classification

at ‘Fever day 4’

DF (1) DHF I (24) DHF II (26) DHF IV/DSS (2) Healthy (142)

-20.0

20.0

40.0

60.0

80.0

9
5

%
C

I
R

ea
ct

an
ce

(X
c)

Dengue diagnosis

0.0

Figure 4 e(ii): The reactance classified
according to research proposed
classification at ‘Fever day 4’
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Case 2 was a 21-year-old female DSS
patient without past medical history, who was
admitted on ‘Fever day 0’ and manifested with
bleeding (blood in the urine) and recorded a
reactance value of 46.4 Ω. She obviously did
not respond to the treatment and died on ‘Fever
day +2’ with a reactance value of 22.5 Ω. Case
3 was a 45-year-old female DSS patient with a
history of diabetes. She was admitted on ‘Fever
day 0’ (XC = 55.3 Ω), and her reactance value
gradually decreased until ‘Fever day +2’ (XC =
24.9 Ω). The value subsequently showed a
slight increase on ‘Fever day +3’ (XC = 29.2
Ω) and ‘Fever day +4’ (XC = 31.4 Ω), before
she died on ‘Fever day +5’ (XC = 27.7 Ω) due
to multiple organ failure.

The sole DSS survivor was a 32-year-old
female with no past medical history and
bleeding manifestation. She was admitted at
‘Fever day –1’ (reactance 40.6 Ω) and
developed hypotension on ‘Fever day 0’
(reactance 36.3 Ω). Her reactance gradually
decreased to a minimum of 20.7 Ω on ‘Fever
day 3’ before showing a slight increase on ‘Fever
day +4’ to 25.1 Ω. This value gradually
increased to 59.9 Ω at ‘Fever day 9’ and
reached a maximum of 67.2 Ω on ‘Fever day
+13’. The mean reactance value subsequently
stabilized and decreased to 55.4 Ω on her
discharge (‘Fever day +16’). She survived the

Table 5: Summary of mean reactance value for lower-risk and higher-risk females and males

Figure 5 (a): Mean reactance value for female
patients in lower- and higher-risk groups
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Figure 5 (b): Mean reactance value for male
patients in lower- and higher-risk groups
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episode primarily due to the absence of
bleeding and organ complications. Details of
the reactance values for DSS female patients
(3 fatal, 1 survived) are presented in Table 6.

Conclusion

A new approach to monitor and classify dengue
patients using bioelectrical impedance analysis
(BIA) has been described. The findings show
that reactance (XC) was found to be a potentially
useful tool in classifying the risk in dengue
patients.

Figure 6 (a): Reactance against days of fever
defervescence for three DSS fatal cases in

female patients
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Figure 6(b): Reactance against days of fever
defervescence for one DSS female patient
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Table 6: Reactance values for fatal (Cases 1 to
3) and survived (Case 4) DSS female patients
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