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Abstract

resuscitation.

5 years and over).

algorithm) and selected 7 predictors with 2 interactions.

Background: Episodes of acute diarrhea lead to dehydration, and existing care algorithms base treatment around
categorical estimates for fluid resuscitation. This study aims to develop models for the percentage dehydration (fluid
deficit) in individuals with acute diarrhea, to better target treatment and avoid the potential sequelae of over or under

Methods: This study utilizes data from two prospective cohort studies of patients with acute diarrhea in Dhaka,
Bangladesh. Data were collected on patient arrival, including weight, clinical signs and symptoms, and demographic
information. Consecutive weights were obtained to determine the true volume deficit of each patient. Data were
entered into two distinct forward stepwise regression logistic models (DHAKA for under 5 years and NIRUDAK for

Results: A total of 782 patients were included in the final analysis of the DHAKA data set, and 2139 were included

in the final analysis of the NIRUDAK data set. The best model for the DHAKA data achieved an R? of 0.27 and a root
mean square error (RMSE) of 3.7 (compared to R? of 0.06 and RMSE of 5.5 with the World Health Organization child
care algorithm) and selected 6 predictors. The best performance model for the NIRUDAK data achieved an R? of 0.28
and a RMSE of 2.6 (compared to R? of 0.08 and RMSE of 4.3 with the World Health Organization adolescent/adult care

Conclusions: These are the first mathematical models for patients with acute diarrhea that allow for the calculation
of a patient’s percentage dehydration (fluid deficit) and subsequent targeted treatment with fluid resuscitation. These
findings are an improvement on existing World Health Organization care algorithms.
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Background

Acute diarrhea is a major cause of morbidity and mor-
tality and annually leads to an estimated 1.65 million
deaths worldwide; it is the fifth highest cause of lost dis-
ability adjusted life-years across all ages [1-3]. Although
diarrhea is a global problem, the burden of disease is
unequally distributed, with a higher burden in low- and
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middle-income countries (LMICs) that often have fewer
healthcare resources [1]. Acute diarrhea is generally
defined as stool in greater frequency and less formed
than usual lasting for less than 14 days; some definitions
require at least three or more bowel movements above
usual in less than 24 h [4]. Dehydration is a leading symp-
tom of diarrhea and affects both children and adults [3,
5, 6]. Early diagnosis of dehydration can be challenging,
but early and accurate case detection can ameliorate high
rates of morbidity and mortality [3, 5, 7].

The management of acute diarrhea is focused on sev-
eral factors, including an assessment of the severity of
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the dehydration, a calculation of ongoing fluid losses,
and serial monitoring of the patient’s clinical status [8].
Correction of fluid and electrolyte imbalances should
drive the modality and duration of treatment [9]. Existing
World Health Organization (WHO) guidance splits care
of acute diarrhea into under-five (Integrated Manage-
ment of Childhood Illness, IMCI) and at-or-above 5 years
of age (Integrated Management of Adolescent and Adult
Illness, IMAI), and recommends treating patients with
acute diarrhea with as much oral fluid as they are will-
ing to take until the diarrhea stops [10, 11]. If necessary,
intravenous (IV) fluid rehydration is given based solely
on a patient’s weight (30 ml/kg as a bolus, followed by
70 ml/kg over several hours) [10, 11]. The risk of unde-
rhydration or overhydration and associated sequelae are
of particular concern during protocolized treatment, par-
ticularly with patients at the extremes of age and patients
who are malnourished or have other comorbidities
[12-14].

The key to treating dehydration from acute diarrhea is
assessing the amount of dehydration and subsequently
replenishing a patient’s fluid deficit. Knowledge of the
percentage dehydration is important since calculated
percentage of dehydration can be used to calculate total
fluid deficit:

Fluid deficit (liters) =percent dehydration
x patient weight (kilograms).

This fluid deficit calculation allows providers to quickly
and accurately determine the amount of oral and/or
IV rehydration a patient will require for appropriate
treatment.

At present, there are no multivariable models that
accurately predict a patient’s percentage of dehydra-
tion or fluid deficit; this study aims to fill this gap. The
calculation of the percentage volume deficit from the
acute diarrhea can then be used to support health care
professionals in the triage, accurate treatment, and ongo-
ing management of these patients particularly in settings
with limited resources.

Methods

Study design

Data were collected as part of two separate prospective
cohort studies among patients with acute diarrhea. Dehy-
dration: Assessing Kids Accurately (DHAKA) studied
patients under 5 years of age; Novel, Innovative Research
for Understanding Dehydration in Adults and Kids (NIR-
UDAK) studied patients 5 years of age and older. Both
studies have developed clinical diagnostic models for
assessing dehydration severity from acute diarrhea using
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an ordinal outcome (none, some, or severe dehydration).
The ordinal logistic regression models for the DHAKA
study have undergone both derivation with internal
validation and external validation, while the NIRUDAK
study has undergone diagnostic model derivation with
internal validation, and has planned external validation
in 2022 [15-17]. Neither study has reported a predictive
model for the amount of fluid deficit measured on a con-
tinuous scale.

Ethical approval for the studies was obtained from the
International Centre for Diarrhoeal Research, Bangla-
desh (icddr,b) and the Rhode Island Hospital Institutional
Review Boards.

Study setting and population

Participants were recruited from a single site at the icddr,b
Dhaka Hospital rehydration unit 24 h per day, 7 days
per week. Data were collected at this site from Febru-
ary to June 2014 for the DHAKA study and March 2019
to March 2020 for the NIRUDAK study. High patient
volumes (up to 200 patients per day with acute diarrhea)
precluded consecutively screening/enrolling every patient.
Marbles were randomly drawn from a blind pouch each
time a patient presented to the hospital; if a colored marble
was drawn, the patient was screened for enrollment, and
if a white marble was drawn, the patient was not screened
or enrolled. If a screened patient met eligibility criteria and
consent was obtained, the patient was enrolled.

For the DHAKA study, all children under 5 years of age
presenting with acute diarrhea were eligible for enroll-
ment; for the NIRUDAK study, patients at least 5 years
of age were eligible for inclusion in the study if they pre-
sented with symptoms of acute diarrhea. In both studies,
patients were excluded if they had been enrolled previ-
ously in the study, had fewer than 3 loose stools in 24 h,
or had an initial diagnosis other than gastroenteritis
as determined by the triage physician. For the DHAKA
study, patients were also excluded if they had diarrhea
lasting longer than 14 days; in the NIRUDAK study
patients were also excluded if they had diarrhea lasting
longer than 7 days. For eligible patients, research staff
provided the patient and/or their parent/guardian with
information about the goals, risks, and benefits of the
study and obtained verbal/written consent in the local
language, Bangla.

Study size

The models developed in this paper are secondary analy-
ses of the DHAKA and NIRUDAK datasets; sample sizes
for each dataset were calculated, a priori, for use as clini-
cal diagnostic models [15-17].



Lee et al. Tropical Medicine and Health 2021, 49(1):70

Staff training and oversight

For both the DHAKA and NIRUDAK studies, local gen-
eral practice nurses with several years of clinical experi-
ence were hired outside of the icddrb clinical nursing
pool to collect data. Prior to the start of the study,
research staff received at least 5 days of didactic and
hands-on training in all study procedures, including ran-
domization and the assessment of clinical signs of dehy-
dration under the guidance of the principal investigator,
research physicians, and program coordinator.

Study procedures

After obtaining informed consent, patient’s baseline
weights were obtained. For the DHAKA study, children
were undressed and weighed using an electronic Seca
383 digital baby/floor scale, while for the NIRUDAK
study patients were not undressed and an electronic Seca
952 chair or Seca 984 bed scale was used. All three digital
scales measure patient weights to the nearest tenth of a
kilogram. Additionally, if a patient received intravenous
fluid before a baseline weight was obtained, study staff
recorded the amount of fluid received prior to weight
measurement to determine the patient’s weight before
any fluids were given.

For both studies, patients were independently assessed
by two research nurses from a predetermined list of
symptoms/signs of dehydration, with each nurse blinded
to the other’s clinical assessment. Signs/symptoms of
dehydration were chosen a priori based on a review of
the literature and consultation with expert clinicians at
icddr,b (Additional file 1: Appendix S1 and Appendix S3).
Social and demographic information was obtained from
either the patient or parent/guardian. For both studies,
research procedures were not allowed to delay emergent
care, such as placing an intravenous line or giving fluids.
After the initial weight and clinical assessment, all patient
treatment and clinical care was given according to stand-
ard icddr,b protocols. For the DHAKA study, patients
were weighed every eight hours to determine a post-
hydration stable weight. In the NIRUDAK study, patients
were weighed every four hours and similarly measured
until a post-hydration stable weight was obtained.

Dehydration methods

Percent weight change with rehydration was used as the
criterion standard for percent dehydration in our study,
as described in existing literature [18-21]. As patients
with dehydration from acute diarrhea underwent treat-
ment and were rehydrated, their weight increased
until they became euvolemic and they began to diurese
excess fluid, at which point their body weight stabilized.
This stable weight was calculated by averaging the two
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highest consecutive weight measurements (that differed
by less than 2%) [22]. Patients who did not achieve a sta-
ble weight prior to being clinically appropriate for dis-
charge were called daily until their diarrhea resolved,
then asked to return for a final post-illness weight meas-
urement. In both studies, the percent dehydration was
calculated as follows:

Percent dehydration
= 100 x [(post — illness weight — admission weight)
/post — illness weight].

Model derivation

Models were developed and reported in accordance with
the EQUATOR (Enhancing the QUAlity and Transpar-
ency Of health Research) Network’s Transparent Report-
ing of a multivariable prediction model for Individual
Prognosis Or Diagnosis (TRIPOD) checklist [23]. All
statistical analyses were performed using R Version 3.6.3
[24]. Six different models were developed from 17 can-
didate predictors for DHAKA and 8 predictors for NIR-
UDAK (as described previously) [17].

Categorical predictors were modeled using a set of
indicator variables relative to a chosen normal reference
level. The levels of several categorical predictors with few
observations in DHAKA were combined with neighbor-
ing levels: dry mucous membranes (very dry was grouped
with dry/sticky), respirations (very deep was combined
with deep), and heart rate (very fast was grouped with
fast).

Continuous variables were modeled both on a lin-
ear scale and as restricted cubic splines using knots at
the 10th, 50th, and 90th quantiles. In both sets of pre-
dictors, we also analyzed some of the continuous vari-
ables in a categorical format by grouping their values.
These continuous variables were converted to categori-
cal scales to reflect their uneven distributions (cluster-
ing around round numbers), and the thresholds were
chosen based on both the observed data distribution and
the clinical relevance. In DHAKA, we categorized num-
ber of diarrheal episodes into 3 levels (<11, 11-20,>20),
and duration of diarrhea in two formats, one with three
levels (<49, 49-96,>96) and one with five levels (<25,
25-48, 49-72, 73-96,>96). In NIRUDAK, we grouped
number of vomiting episodes into 4 levels (none, 1-4,
5-9,>10), number of diarrheal episodes into 3 levels
(3-9,10-19,>19); and duration of diarrhea into 3 levels
(0-12,13-23,>23 h).

We fit six different models for each dataset and used
cross-validation to choose the best form. The six mod-
els used: (1) categorical predictors only (including con-
tinuous predictors in categorical form); (2) categorical
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predictors with all two-way interactions; (3) categorical
and continuous (linear form) predictors; (4) categorical
and continuous (linear form) predictors with all two-way
interactions; (5) categorical and continuous predictors
(spline form); (6) categorical and continuous predictors
(spline form) with all two-way interactions).

A forward stepwise regression algorithm was used to
select the variables included in each of the six types of
models the best model via tenfold cross-validation using
mean squared error to choose the number of forward
steps to take [17]. The six models were then compared on
various performance measures to choose the best one.

Model performance

Models were examined for adherence to standard linear
model assumptions (linearity, normality and homosce-
dasticity) and were assessed for their accuracy (using R?
and RMSE) as well as their reliability for predicting per-
cent dehydration. Reliability was assessed by compar-
ing the model predictions from each nurse’s assessment
using the Intraclass Correlation Coefficient (ICC). In
the DHAKA study, both derivation and validation data
were available, so models were validated externally by
the RMSE of the model from the training data applied to
the external validation dataset. Validation of NIRUDAK
models was assessed through bootstrapping with 1000
iterations and over-optimism was corrected in estimating
the RMSE [25].

Results

Participants and study population characteristics DHAKA
From February to June 2014 a total of 1196 patients
under 5 years presenting to icddr,b with diarrhea were
randomly selected for screening, of whom 1025 were
eligible and 850 were enrolled. Among those enrolled,
68 patients were excluded for either missing data on
outcome (n=63) or input predictors (n=5) leaving 782
patients included in the final analysis (Fig. 1). Median
age was 15 months (25th and 75th percentiles 9 and
28.8 months) and 339 patients (43.4%) were female
(Table 1). Among enrollees, 219 patients received some
IV fluids before admission weight was obtained (median
15 ml, interquartile range 10-20 ml).

Participants and study population characteristics NIRUDAK
From March 2019 to March 2020, a total of 4,440 patients
over 5 years presenting to icddr,b with diarrhea were ran-
domly selected for screening, of whom 2293 were eligi-
ble and 2172 were enrolled. Of these, 33 were excluded
from analysis for missing data, including final post-illness
weight (n=26) or one or more predictors (n=7) leaving
2139 included in the final analytic dataset (Fig. 2). This
dataset included 630 children (age 5-19), 748 adults
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(age 20-59), and 761 elderly patients (age>60) (Fig. 2).
Median age was 35 years (25th and 75th percentiles of
18 and 60 years) and 1063 patients (49.7%) were female
(Table 1). Among enrollees, four patients received any IV
fluids before admission weight was obtained (one patient
each received 10 ml, 100 ml, 0.51, and 1 1).

Model performance

On the training data, the best model for the DHAKA data
achieved an R? of 0.27 and a RMSE of 3.7 and selected six
predictors (general appearance, skin pinch, tears, radial
pulse, age in months, and number of diarrheal episodes
in the past 24 h) (Table 3, Additional file 1: Appendix S1
and S2). The best model for the NIRUDAK data achieved
an R? of 0.28 and a RMSE of 2.6 and contained seven pre-
dictors [sunken eyes, skin pinch, vomiting episodes in the
past 24 h, sex, age in years, systolic blood pressure when
lying flat, and mid-upper arm circumference (MUAC)]
with 2 interactions of age and vomiting episode, and skin
pinch and MUAC (Table 4, Additional file 1: Appendix S3
and S4). The reliability, as measured by the ICC was 0.88
(95% CI 0.85-0.90) for the DHAKA model and 0.93 (95%
CI10.92-0.94) for the NIRUDAK model.

The R* and RMSE of the DHAKA and NIRUDAK for-
ward stepwise regression models were contrasted with
the values attained from instead using the existing stand-
ard of care WHO IMCI and IMAI algorithms (Table 2).

Figure 3 plots the observed versus predicted percent
dehydration from the final models constructed on the
training data. The blue line of best fit showed that the
model was well-calibrated on average (i.e., the average
of the observed dehydration equals the predicted dehy-
dration at each level of predicted dehydration). The red
95% predicted lines, which included 95% of the individ-
ual observed values at each prediction level, showed that
for a given predicted dehydration value, we expect 95%
of the observed values to lie within about 5% of the pre-
dicted values. The figure also showed the observed versus
predicted percent dehydration from the final models con-
structed on the training data.

Model validation

RMSE on the validation of the DHAKA data was 3.73.
The average optimism corrected RMSE of the NIRUDAK
model across 1000 bootstrap iterations was 2.72 (95% CI
2.59-2.84).

Discussion

Interpretation of results

Both the DHAKA and NIRUDAK models for the assess-
ment of percentage of dehydration from acute diarrhea
are the first multivariate models to allow for the calcula-
tion of a patient’s fluid deficit. Previous tools have used



Lee et al. Tropical Medicine and Health 2021, 49(1):70

Page 5 of 11

1196 randomly selected for screening

171 met exclusion criteria:
15 more than 14 days diarrhea

1025 total eligible for enroliment

\/

13 fewer than 3 stools/day
120 diagnosis not gastroenteritis
23 previously enrolled in study

Y

175 refused consent

\

850 enrolled in study

A

¥

¥

735 achieved stable
weight before discharge

115 did not achieve
stable weight before

discharge
L J 63 did not return for
post-illness weight
A/ (excluded)

52 returned for
post-illness weight

J

Y

J
[5 missing data on one or
> more predictors

Y

[ 782 included in final analysis

Fig. 1 DHAKA enrollment

l (excluded)

categorical assessment and treatments which are gener-
ally a reasonable approach to care. Yet, every patient with
acute diarrhea will have a different level of dehydration
and require a unique amount of rehydration. Both mod-
els were found to be an improvement on the existing
WHO standard of care algorithms.

Clinical application of the models developed here
would entail that one would first select the appropriate
model based on the patient’s age (less than 5 years, or
5 years and up) and after the requisite predictor inputs
are then measured/obtained, the resultant output value
represents the percentage of dehydration in that given
patient. The patient’s weight (kg) is then multiplied by the
percent dehydration to obtain the fluid deficit (in liters)
required for fluid rehydration, along with monitoring for
ongoing fluid losses to maintain adequate treatment.

An accurate assessment of percentage dehydration and
fluid deficit is valuable in targeting resuscitation, particu-
larly when contrasted with the current standard of care
WHO IMCI and IMAI algorithms. These algorithms
recommend fluid resuscitation volumes based solely on
a patient’s weight (broadly, 75 ml per kilogram of oral
fluid or 100 ml per kg of IV fluid). These therapeutic
approaches do not hone the treatment to the extent of an
individual’s fluid deficit [10, 11]. Furthermore, categorical
tools and algorithms lend themselves to the risk of unde-
rhydration and overhydration. Patients at the extremes
of age (very young and elderly) as well as the critically ill
and malnourished are at particular risk of the sequalae
from either underhydration or overhydration. While
weight-based treatment can be useful and at times ade-
quate, our models allow for more accurate treatment and
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Table 1 Population characteristics®
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DHAKA study (N=782)

NIRUDAK study (N=2139)

Age®. median (25-75th percentile)
Sex, No. (%)

Female 339(43)
Male 443 (57)
Home location, No. (%)
Urban 490 (63)
Rural/suburban 291 (37)
Nutritional status (MUAC)S, No. (%)
Severe wasting 35 (5)
Moderate wasting 121 (15)
No wasting 626 (80)
Diarrhea duration and frequency, median (25-75th percentiles)
Days of diarrhea 2 (1-4)
Prior to arrival
Loose stools 15 (10-20)
Prior 24 h
Dehydration category, No. (%)
Severe dehydration 84 (11)
Some dehydration 344 (44)
No dehydration 354 (45)

15 (9-29 months)

35 (18-60 years)

1063 (50)
1095 (50)

1628 (76)
511(24)

31 (1)
164 (8)
1

1944 (91)

2 Categorical variables were summarized as number (percent), continuous variables summarized as median (25-75th percentile

b For DHAKA Study, age is presented in months; for the NIRUDAK Study, age is presented in years

€ Nutritional status was calculated using the mid-upper arm circumference (MUAC) as outlined in the literature (26-28). For the DHAKA study, the proportion of
children with undernutrition was determined using a MUAC < 115 mm for severe wasting and 115-125 mm for moderate wasting and > 125 for normal. For the
NIRUDAK Study, patients between the ages of 5-9 years old were categorized as severe wasting if MUAC was < 135 mm, moderate wasting if MUAC was 135-145 mm
and normal if MUAC measurement was > 145 mm. Patients between the ages of 10-14 years old were categorized as severe wasting if MUAC measurement

was < 160 mm, moderate wasting if MUAC measurement was 160-185 mm and normal if MUAC was > 185 mm. For patients 15 years of age and older, severe wasting
was defined as a MUAC measurement < 185 mm; moderate wasting was categorized as a MUAC 185-210 mm; normal was defined as a MUAC measurement >210 mm

allow providers to better avoid the ill effects of incorrect
rehydration.

While the clinical data collection methods used were
performed by trained study nurses at a single site, the
modeling input variables required to assess a patient’s
fluid deficit should be able to be obtained by health-
care providers with basic levels of education and clinical
knowledge. It is hoped that these findings will be gener-
alizable to other LMICs, where the burden of morbidity
and mortality of acute diarrhea is particularly high.

Model performance

One strength of this study is that both prediction mod-
els have limited missing data, particularly the NIRUDAK
study. As noted in Table 2, both the DHAKA and NIR-
UDAK models are an improvement over the existing
standard of care WHO algorithms; the models both have
a higher R? and lower RMSE than the WHO approach to
care. The R? is a measure of the percentage of total vari-
ation in the dependent variable that is accounted for by
the independent variable [29]. Yet, in human population
studies, there is no set threshold or methodology for

interpreting the R% and models with R? values of 0.25 and
lower are common [29].

Plots of the observed versus predicted values for each
model showed that the line of best fit is quite accurate
in predicting a patient’s percent dehydration against the
observed dehydration, on average (as seen in the narrow
grey shaded area around the lines of best fit in Fig. 3).
While individual patient level prediction does have a
range across a prediction interval, we believe that the
ability to predict an individual’s volume deficit for diar-
rhea is, in fact, a significant improvement on the cat-
egorical existing standard of care that does not account
for differences between individuals. There are few outly-
ing observations beyond the prediction intervals as noted
by the RMSE (standard error for prediction) for each
plot. Both models are slightly less accurate at the upper
extremes of predicting more severe dehydration. This
finding of a regression towards the mean is expected with
a forward stepwise regression model.

The included predictors (Tables 3, 4) for each model
had limited overlap which reinforces the necessity of
delineating between patients above and below 5 years
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Table 2 R? and RMSE of forward stepwise regression models vs
WHO algorithm

R? RMSE

Model WHO Model WHO
DHAKA 027 0.06 37 55
NIRUDAK 0.28 0.08 26 43

of age, as is current practice with WHO management
protocols. Only skin pinch and age were incorporated
into both models. Skin pinch or skin turgor is not a per-
fect corollary for dehydration, but does have diagnostic
utility as a clinical sign of dehydration in both children
and adults [30-32]. Further, the contrast in the dis-
tinct categorical predictors between the two models is

notable (general appearance, tears, and radial pulse for
DHAKA, and sunken eyes, sex, and episodes of vom-
iting for NIRUDAK). Continuous variables also had
significant contrasting predictors (number of diarrhea
episodes past 24 h for DHAKA, versus MUAC and sys-
tolic BP while supine in NIRUDAK).

In both the NIRUDAK and DHAKA studies, only
about 1-2% of all patients enrolled had an observed
negative percent dehydration (representing weight loss
between arrival and final post-illness weight), and in
nearly all cases these negative values were very close
to 0 (almost all from 0 to — 2%). These likely represent
minor weighing errors or rounding errors in our weight
assessments for patients with very minimal to no dehy-
dration despite having acute diarrhea. Our ICC findings
indicate good-to-excellent reliability in both cohorts,
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and study methods were designed to minimize poten-
tial measurement errors. However, patients were only
weighed to the nearest 0.1 kg and a stable weight was
considered to be two consecutive weights within 2% of
each other such that there may be a small variance in a
given patient’s observed dehydration calculation.

Limitations

Our study has several limitations. First, data were col-
lected at a single site, at icddr,b’s Dhaka Hospital. While
this hospital has a large catchment area and diverse
patient population, it is not necessarily representative
of all other LMIC nor high-income contexts. Further-
more, our data were collected as part of two distinct

study protocols with different enrollment dates. While
study protocols were not identical in both studies, each
model was developed based on only one data set or the
other. Study data were collected by trained nurses, who
had at least some prior nursing experience, but were
also early in their careers. Model inputs were based
on clinical and demographic data that can be easily
obtained at the patient’s bedside with limited training.
While findings and protocols may not be ideally gener-
alizable to other clinical assessors such as lesser trained
community health workers, the study was designed to
maximize generalizability to the extent possible. Fur-
thermore, the DHAKA model had both derivation and
validation data sets available while the NIRUDAK study
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Table 3 Predictors and regression coefficients in the DHAKA model

Categorical Variables, No. (%) Regression Coefficient (95% Cl) P value
General Appearance 0.002
Normal (Reference Level) 394 (50) 0

Restless/irritable 176 (23) 0.38(-0.20, 1.23) 0.157
Lethargic/unconscious 212 (27) 1.14 (062, 2.20) 0.001
Skin Pinch <0.001
Rapid (Reference Level) 384 (49) 0

Slow 325(42) 129(1.12,2.37) <0.001
Very Slow 73 (9) 6.30(1.74,4.01) <0.001
Tears 0.01
Present (Reference Level) 374 (48) 0

Decreased 328 (42) 047 (—0.14,1.08) 0.132
Weak/Absent 80 (10) 1.59(0.57,2.62) 0.002
Radial Pulse 0.05
Strong (Reference Level) 524 (67) 0

Decreased 115(15) 0.91 (0.06, 1.76) 0.036
Absent 143 (18) 0.92 (0.03, 1.80) 0.042
Continuous Variables, Mean, (SD)

Age (months) 20.0 (14.5) —0.12 (= 0.18,-0.05) <0.001
Number of Diarrhea Episodes, past 24 h 16.8 (8.2) —0.02(=0.11,0.07) 0.671
Table 4 Predictors and regression coefficients in the NIRUDAK model

Categorical Variables, No. (%) Regression Coefficient (95% Cl) Pvalue
Eye level

Normal (Reference Level) 546 (26) 0

Sunken 1593 (74) 0.90 (0.62, 1.19) <0.001
Skin Pinch 0.591
Rapid (Reference Level) 825 (39) 0

Slow 1053 (49) 1.14 (— 1.69,3.97) 0428
Very Slow 261 (12) -0.93 (-6.17, 4.30) 0.727
Vomiting episodes in 24 h <0.001
None (Reference Level) 208 (10) 0

1-4 729 (34) 2.55(0.76,4.33) 0.005
5-9 770 (36) 4.09 (2.34,5.84) <0.001
>9 432 (20) 3.94(2.11,5.78) <0.001
Sex

Female 435 (56) 0

Male 336 (44) 0.69 (0.46,0.92) <0.001
Continuous Variables, Mean, (SD)

Age (years) 383 (22.1) 0.13(0.06,0.19) <0.001
Systolic BP (supine) 94.2 (20.6) —0.01 (- 0.02,0.01) 0.398
MUAC 2364 (36.7) —0.02 (- 0.03,-0.01) 0.005

data only included a derivation data set and will have
forthcoming data for subsequent validation in the near
future. Additional future work will need to evaluate the

clinical and economic value of targeted rehydration
strategies based on fluid deficit as opposed to preexist-
ing categorical assessments of dehydration.
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Conclusions

This paper puts forth a secondary analysis of data from
two distinct but related prospective cohorts of patients
with acute diarrhea from Dhaka, Bangladesh. Based on
forward stepwise regression models, the measurement of
several demographic and clinical data points allows for
the calculation of a percentage dehydration and associ-
ated fluid deficit in patients with acute diarrhea. These
are the first such models to allow for the calculation of
a patient’s fluid deficit in a way that can subsequently
be utilized to target rehydration therapy more accu-
rately, particularly when compared to categorical WHO
algorithms.

The clinical application of these models is to take a
patient with acute diarrhea and accurately predict the
patient’s volume deficit to then guide clinicians in how
much intravenous or oral fluid should be given to the
patient in the clinic or hospital setting. It is hoped that
there are potential cost savings and reduced morbid-
ity from unnecessary overtreatment for patients with
lower fluid deficit, while more robust resuscitation can
be targeted at patients with increased dehydration to
ameliorate morbidity and mortality. Our expectation is
that the clinical care of children, adolescents, and adults
with acute diarrhea will be enhanced by the accurate
calculation of fluid deficit and resultant targeted clinical
resuscitation.
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