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ABSTRACT

Received:

Dehydration, secondary to gastroenteritis, is one of the most common reasons for
office visits and hospital admissions in developed countries. It results from a decrease
in total body water content either due to less intake or more fluid loss. Common
symptoms of dehydration are dry mouth/tongue, thirst, headache, and lethargy. A
person can become dehydrated if they lose as little as 3% of their body weight from
water depletion. However, little or no information is available on the impact of diet to
the weight of such persons when dehydrated. In either of the two study centers, Benin
or Nnewi, majority of the children who had diarrhea were those whose main diet is
breast milk and solid food. For mild dehydration, we found that solid food is associated
with weight gain in children (mean weight: 12.167, CI: 9.5151-14.818, p-Value:
0.00207; for Benin) and (mean weight: 12.11, CI: 10.597-13.623, p-Value: 0.00014; for
Nnewi) using breast milk and water as a reference. In this study, we observed a weak
correlation between age and weight of the children. The observed increase in weight
among those with severe dehydration is found to be due to the kind of food they eat.
It is observed that children who suffered severe dehydration were given more of solid
food than other forms of diet. This will guide the quality of food given to children in
order to increase their weight whenever they loose weight as a result of dehydration.
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Introduction
Dehydration, secondary to gastroenteritis, is one of the most
common reasons for office visits and hospital admissions in
developed countries [1-3]. Among European children, 3 years
of age, incidence of diarrhea ranges from 0.5 to 1.9 episodes per
child per year [4]. The management of acute diarrhea in children
is largely based on clinical examination which allows assessment
of hydration status. Underestimation of dehydration increases
morbidity and mortality, while overestimation can result in
inappropriate care and public expenditure. Dehydration is difficult
to diagnose clinically [5]. Combinations of examination signs
perform markedly better than any individual sign in predicting
dehydration [6]. Many scores have been developed to estimate
dehydration, but only one, the Clinical Dehydration Scale, has been
validated to predict a longer length of Emergency Department
(ED) stay and the need for intravenous fluid rehydration [7]. The
development and validation of a dehydration scale requires the
use of a gold standard. Weight loss is considered as the reference
to diagnose dehydration in clinical practice and research [6]. In
healthy adults with normal Body Mass Index (BMI), water accounts
for 60% of body weight [8-12]. A person can become dehydrated if
they lose as little as 3% of their body weight from water depletion
[13].

The loss of body mass with no water intake is associated
with poor memory and attention [14]. Studies have reported
dehydration by 1–2%, impairs cognitive performance and impacts
psychomotor and memory skills [15-18]. Fluid deficit of 4%
decreases performance, causes headaches, irritability, sleepiness
and increases respiratory rate with increase in temperature among
children [19]. Dehydration also impairs muscle endurance and
decreases muscle strength [20]. The fluid depletion of more than
8% can cause death [21]. Dehydration results from a decrease in
total body water content either due to less intake or more fluid
loss. Common symptoms of dehydration are dry mouth/tongue,
thirst, headache, and lethargy [22]. The common symptoms of mild
to moderate dehydration are dry mouth/tongue, thirst, headache,
lethargy, fatigue, dry skin, muscle weakness, light-headedness,
dizziness and a lack of focus. People with severe dehydration
can present with sunken eyes, lack of tears, sunken fontanels
(specifically among infants), hypotension, tachycardia and, in the
worst-case scenario, unconsciousness [23]. However, there is little
or no information about the impact of their diet to their weight
irrespective of their dehydration status. This therefore becomes the
aim of this study.

Methodology

Selection of Participants
A cross-sectional study was conducted among lactating
mothers attending University of Benin Teaching Hospital and
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Nnamdi Azikiwe University Teaching Hospital in Benin and Nnewi
respectively. All lactating mothers (and their children) attending
the respective facilities were asked about their willingness to
participate in the study. The study population refers to children 0-5
years of age presenting with clinically confirmed diarrhea. Among
those who fulfilled the selection criteria, 327 children (on both
study sites) were randomly recruited for this study. The research
protocol was approved by the institutional ethics committee and all
participants gave written informed consent.

Anthropometry and Socio-Demographic Information

Weight was measured in light clothes, without shoes, using
an electronic digital scale to the nearest 0.1 kg. A structured and
pre-tested questionnaire was administered to collect information
on socio-demographic factors such as age, residence (rural or
urban) and gender. Detailed history of lactation regarding whether
baby was breastfed exclusively or partially [24], were recorded.
Exclusive breastfeeding (EBF) was defined when the child received
breast milk only and no other solids or liquids with the exception
of vitamins, minerals, medicines or oral rehydration solution
[24]; Partial breastfeeding (PBF) was defined when the infant
received breast milk in addition to complementary foods; and
complementary foods included milk, infant formula, gruel or semisolid foods given in addition to breast milk [24].

Statistical Analysis

We used unadjusted and multivariable linear regression models
to assess the association of the weight of the child with the child’s
diet and with the child’s dehydration status. We conducted data
analyses using R based on R programming language.

Results and discussion

In Benin, Of the 129 children who had diarrhea, 24 (19%) fed
mainly on breast milk and water, 52 (40%) fed on breast and solid
food, 8 (6.2%) fed on exclusive breast milk and 45 (35%) fed only
on solid food (Table 1).
Table 1: Bivariant analysis between child’s food and diarrhea
status among children in Benin study site.
Has Diarrhea
Child’s Food

No, N = 24

Yes, N = 129

Overall, N =
153

Breast Milk and
water

6 (25%)

24 (19%)

30 (17%)

Exclusive breast
feeding

2 (8.3%)

8 (6.2%)

10 (5.6%)

Breast Milk plus
solid food
Solid Foods

9 (38%)
7 (29%)

52 (40%)
45 (35%)

61 (34%)
52 (29%)

While in Nnewi, Of the 173 children who had diarrhea, 41
(24%) fed only on breast milk and water, 57 (33%) fed on breast
and solid food, 22 (13%) fed on exclusive breast milk and 53 (31%)
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fed only on solid food (Table 2). A prolonged bout of diarrhea or
vomiting can cause the body to lose more fluid than it can take in.
The result is dehydration, which occurs when the body doesn’t have
the fluid it needs to function properly. Severe dehydration can cause
the kidneys to shut down [25]. In either of the centers, majority of
the children who had diarrhea were those whose main diet is breast
milk and solid food. Occasionally babies will react to something in
their mother’s breastmilk, and this may sometimes cause diarrhea
or constipation [26]. However, those who exclusively fed on breast
milk had the least incidence of diarrhea. Exclusive breastfeeding,
defined as feeding only human milk with no other liquids or foods,
is known to offer maximum protection against diarrhea to infants
younger than 6 months of age, whereas partial breastfeeding
offers intermediate protection compared with no breastfeeding
[27]. Previously, Lamberti, et al. analyzed the effect of suboptimal
breastfeeding on diarrhea morbidity and mortality, based on
review of 18 studies from developing countries published from
1980 to 2009 [28].

They found that not breast feeding was associated with a 165%
(relative risk (RR) 2.65, 95% confidence interval (CI) 1.72–4.07)
increase in diarrhea incidence in infants aged 0–5 months, a 32%
(RR: 1.32, 95% CI 1.06–1.63) increase in those aged 6–11 month,
and a 32% (RR: 1.32, 95% CI 1.06–1.63) increase in those aged
12–23 months. No breastfeeding was also associated with a 952%
(RR: 10.52, 95% CI 2.79–49.6) increase in diarrhea mortality as
compared to exclusive breastfeeding in infants aged 0–5 months of
age, a 47% (RR: 1.47, 95% CI 0.67–3.25) increase as compared to
any breastfeeding practice in those aged 6–11 months, and a 157%
(RR: 2.57, 95% CI 1.10–6.01) increase in those aged 12–23 months.
The indicator most commonly used to estimate dehydration status
is acute weight loss [29]. For mild dehydration, we found that solid
food is associated with weight gain in children (mean weight:
12.167, CI: 9.5151-14.818, p-Value: 0.00207; for Benin) (Figure 1
and Table 3) and (mean weight: 12.11, CI: 10.597-13.623, p-Value:
0.00014; for Nnewi) (Figure 1 and Table 3) using breast milk
and water as a reference. The same was noticed in children with
moderate dehydration, which is significant for those from Nnewi
(mean weight: 13.4, CI: 11.422-15.378, p-Value: 0.00001) (Figure 1
and Table 3) at a level of significance tested at p<0.05. Data from a
previous study suggest that the introduction of solid foods earlier
than 4 months of age is associated with increased body fat or weight
in childhood or with greater weight gain during infancy [30,31].
The combination of breast milk and solid food was observed to
contribute significantly to the weight of the children with either
moderate or severe dehydration Benin and Nnewi respectively
(Figures 1 & 2).

Table 2: Bivariant analysis between child’s food and diarrhea
status among children in Nnewi study site.
Has Diarrhea
Child’s Food
Breast Milk and water

No, N = 1

Yes, N = 129

Overall,
N = 153

0 (0%

41 (24%)

41 (24%)

0 (0%)

22 (13%)

22 (13%)

Breast Milk plus solid food

1 (100%)

Solid Foods

0 (0%)

Exclusive breast feeding

57 (33%)

58 (33%)

53 (31%)

53 (31%)

Table 3: Statistical parameters based on the association between dehydration status and the child’s food (Benin site).
Dehydration
status

Child’s Food

Mild

Breast Milk and Water (ref)

Mild

Exclusive breast feeding

Mild
Mild

12

Breast Milk plus solid food

33

Solid foods

5

16
4

29

None

Breast Milk and Water (ref)

None

Exclusive breast feeding

1

Severe

Breast Milk and Water (ref)

1

Severe

Solid foods

Severe

6.5

Solid foods

Exclusive breast feeding

None

6.58

8.1421

Moderate
None

Median

19

Breast Milk and Water (ref)

Moderate

5

Mean Value

Breast Milk plus solid food

Moderate
Moderate

Total Count

Breast Milk plus solid food
Solid foods

Breast Milk plus solid food

8

1.3989

Confidence
Interval (95%)

p-Value

5.3538-7.8062

7.5

0.89338

7.7404-8.5438

0.06486

12.167

10.75

4.6864

9.5151-14.818

0.00207

8.3879

8.5

7.94

7.3688
6.525
11.41
5.6

7

7.25

13.333

11

3

7.8333
17.625

Copyright@ Dirisu John | Biomed J Sci & Tech Res | BJSTR. MS.ID.007010.

3.5213

10.129-12.692

0.56702

4.3099-6.8901

0

7.2152-10.651

0.01249

5.8595

6.7027-19.964

0.14492

Infinity

9

Infinity

8

3.9879-9.0621

0.0105

2.1472

7.3

19

0.29462

6.7493-7.9882

8.0109-8.7649

1.8616

3

5.9435-9.9365

1.105

5.5

8.15

9

1.2642
2.5889

10

8.9333
7.3

2.2777

5.8

6

8

Standard
Deviation

0.28868
8.2538

Infinity-Infinity
Infinity-Infinity
7.5067-8.16

11.905-23.345
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Figure 1: Variability of weight among children with different dehydration status based on their diet (Benin site).

Figure 2: Variability of weight among children with different dehydration status based on their diet (Nnewi site).
Other studies indicate that partial breastfeeding is associated
with increased weight gain; this could be a starting point for obesity
in children [8] irrespective of the dehydration status. In order to
carry out a multivariant analysis, a linear regression model was
developed based on the weight of the children as the dependent
variable. When compared to the mild dehydration status of children
in either study site, the results of our findings revealed that
moderate dehydration status of children contribute negatively to
the weight of the child i.e as the dehydration status progresses from
mild to moderate, the weight of the child decreases drastically. Mild
dehydration is the loss of no more than 5 to 6 percent loss of body

weight. Loss of 7 to 10 percent is considered moderate dehydration
[9]. However, as the condition worsen from mild to severe, we
observed a multiple fold increase to the child’s weight irrespective
of the study site (Tables 4 and 5). This is surprising as we expect
a further decrease in the weight of the children with severe
dehydration. Therefore, we considered other factors that may be
responsible to a child’s weight despite their dehydration status and
we selected the child’s age and sex. Body weight correlated more
with age compared to gender [32]. In this study, we observed a
weak correlation between age and weight of the children (Figure
3).
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Figure 3: Variability of weight among children with different dehydration status based on their ages.
Table 4: Multivariant analysis (Benin site).
Variable

Beta

95% CI

Dehydration status
Mild

0.002
—

—

Moderate

-0.13

-1.3, 1.1

Severe

3.7

1.6, 5.8

None

Child’s food
Breast Milk and Water

Breast Milk plus solid food
Exclusive breast feeding
Solid foods

-0.11

-1.9, 1.7

—

0.03, 2.9

0.58
5.4

Variable

Beta

Dehydration status

<0.001

Mild

—

-1.7, 2.9

R = 0.416
2

3.9, 6.8

95% CI

0.002

-0.09

(-)1.7, 1.6

Child’s food

Severe

<0.001

3.3

1.5, 5.1

Breast Milk and Water

—

—

-0.09

2.7

Solid foods

6.9

Exclusive breast feeding

p-value

—

Moderate

Breast Milk plus solid food

<0.001

—

1.4

Table 5: Multivariant analysis (Nnewi site).

None

p-value

-2.2, 4.0

<0.001

1.0, 4.5

1.4

(-)0.87, 3.7 C11
R2 = 0.391
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This might be because age ranges within the adolescent
and adulthood category were not considered in this study. The
prevalence of each body weight category varied with age. Normal
body weight was most prevalent (81.8%) at adolescence and least
(27.5%) at middle adulthood. This implies that while adolescence
is the healthiest age group, middle adult stage represents the most
vulnerable segment of the population. This may be due to the fact
that while young persons are physically active, the older ones are
less active and tends to assume a sedentary lifestyle; at 40 years
and above, most persons have passed the peak of their physical

strength and biological functions [33-35]. However, those with
severe dehydration experienced a dramatic rise in their weight
despite their age category (Table 6). This increase in weight among
those with severe dehydration is found to be due to the kind of
food they eat. It is observed that children who suffered severe
dehydration were given more of solid food than other forms of diet
(Figure 4). This is highly commendable as we observed that diet
compensate for weight loss in the presence of an infection that
causes dehydration.

Figure 4: Variability of weight among children with different dehydration status based on their diet.
Table 6: Statistical parameters based on the association between dehydration status and the child’s food (Nnewi site).
Dehydration
status

Child’s Food

Total
Count

Mean
Value

Median

Standard
Deviation

Mild

Breast Milk and Water (ref)

12

7.5333

8.3

1.7458

Mild

Exclusive breast feeding

13

7.9231

7.4

2.2395

7

1.2793

Mild
Mild

Breast Milk plus solid food
Solid foods

Moderate

Breast Milk and Water (ref)

Moderate

Exclusive breast feeding

Moderate
Moderate

Breast Milk plus solid food

Severe

Breast Milk and Water (ref)

Severe

Exclusive breast feeding

Severe

5

7.88

28

5

Solid foods

12.11

6.9476

Breast Milk plus solid food

None

8.8727

21
18

Breast Milk and Water (ref)

Severe

10

Solid foods

None
None

11

2
2

8.65

13.4

12.35

7.34

7.2

6.25
22

5.6333

4

10.6

14

Solid foods

23

11

8.4429

6

Breast Milk plus solid food

8.3

8.2

6.25
22

5.4

14.871

13.9

16.248

13.6
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9.75

2.135

Confidence
Interval (95%)

p-Value

6.5455-8.5211

7.611-10.134

0.11748

10.597-13.623

0.00014

1.2426

7.9826-8.9031

0.00018

4.2821

11.422-15.378

0.00001

2.4406
2.2027
2.4749
2.2199
4.2426
1.1776

6.7057-9.1405

0.6308

6.4005-7.4948

5.9492-9.8108
2.82-9.68

5.3942-9.2858
16.12-27.88

0.40711
0.65039
0.06678

4.6911-6.5756

7.7832

10.794-18.948

0.00066

7.2516

13.284-19.211

0

3.2259

7.4386-13.761

0.04882
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Conclusion
The indicator most commonly used to estimate dehydration
status is acute weight loss. The results of our findings revealed that
moderate dehydration status of children contribute negatively to
the weight of the child i.e as the dehydration status progresses from
mild to moderate, the weight of the child decreases drastically. The
observed increase in weight among those with severe dehydration
is found to be due to the kind of food they eat. It is observed that
children who suffered severe dehydration were given more of solid
food than other forms of diet. This will guide the quality of food
given to children in order to increase their weight whenever they
lose weight as a result of dehydration.
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