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ABSTRACT

Background: Inspite of efforts of all the stakeholders, diarrhea still remains a cause of significant morbidity and
mortality in developing country like India.

Methods: A follow up study was done among 305 children of 0-6 year’s age to estimate the incidence and risk factors
of diarrhea. Diarrhea was defined as more than 3 stools in one day that were more liquid than usual. At each monthly
follow up enquiry was made about the occurrence of diarrhea, health seeking, infant feeding practices and dietary
history etc. Cumulative incidence, attack rates and risk ratio was used to estimate the burden and risk factors of
diarrhea.

Results: The number of diarrhea episodes per child per year was 0.65 (95% CI=0.62-0.67). The cumulative incidence
of diarrhea among 0-6 years children was 485.7 per 1000 children per year (95% C1=430.8-540.9). In terms of attack
rate, the diarrhea among 0-6 years children was 63.5 percent (95% C1=58.1-68.7). Age of child, birth weight, total
duration of breastfeeding, anaemia and season were found to be significant risk factors of diarrhea.

Conclusions: Further substantial changes in diarrhea incidence will require action on multiple factors like
improvement of birth weight of child by better maternal and child health (MCH) care, continued breastfeeding of
child till two year of age, correction of anaemia and provision of safe water supply and sanitation during summer and
raining season.
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INTRODUCTION

Diarrheal disease is the second leading cause of death
next to pneumonia in children under five years old, and is
responsible for killing around 5,25,000 children every
year. In low-income countries, children under three years
old experience on average three episodes of diarrhea
every year. Each episode deprives the child of the
nutrition necessary for growth. As a result, diarrhea is a
major cause of malnutrition, and malnourished children
are more likely to fall ill from diarrhea.’

In India, according to NFHS 4 report prevalence of
diarrhea among under- 5 year children is 9.2 percent and
there hasn’t been any significant reduction in prevalence
compared to NFHS 3 report of 9% prevalence. Only half
of children suffering from diarrhea received oral
rehydration solution (ORS) fluid.?

At the global level, deaths due to diarrheal diseases have
decreased substantially in the past 25 years, although
progress has been faster in some countries than others.
Diarrhea remains a largely preventable disease and cause
of death, and continued efforts to improve access to safe
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water, sanitation, and childhood nutrition is important in
reducing the global burden of diarrhea.?

Despite substantial reductions in diarrhea mortality in
many countries, the burden of this preventable disease
remains concentrated in the poorest children.
Understanding the contribution of each cause to the
burden of diarrhea and how this varies geographically
will enable interventions to be targeted.?

Identification of burden and epidemiological correlates of
diarrhea may help in planning an appropriate intervention
to prevent and control diarrhea. Hence, the present study
was carried out to study the magnitude of diarrhea and its
epidemiological correlates in children (0-6 years).

METHODS
Study setting and study population

The study was conducted during 2010-2011 in four
adopted villages of Mahatma Gandhi Institute of Medical
Sciences (MGIMS), Sevagram in Wardha district. These
villages were adopted every year for the training of
medical students.” All the children residing in these four
selected villages were recruited in the study. A cohort of
305 children below the age of six years was followed for
a period of one year.

Data collection

Before conducting the study, ethical clearance was
obtained from Institutional Ethical Committee. Children
were enrolled in the study after obtaining written
informed consent from mother/ caretaker. The baseline
data was collected from mother or caretaker on socio-
demographic profile, birth history, immunization,
morbidity profile, dietary history, child feeding practices
and utilization of anganwadi services. Data was collected
by using a pre-designed and pre-tested interview
schedule.

The enrolled children were followed up for a period of
twelve months. At each month enquiry was made about
the occurrence of any morbidity including diarrhea,
health seeking, infant feeding practices and dietary
history during the previous month in addition to the
anthropometric measurements like weight, height, mid
upper arm circumference (MUAC) of child in a separate
schedule.

Definitions and tools used
Diarrhea was defined as more than 3 stools in one day
that were more liquid than usual. Episodes were defined

as a period of sickness separated at least three days apart.’

Colour coded ration cards was used to assess socio-
economic status. Yellow card signified families below

poverty line (BPL), and ration card of orange colour
signified family above poverty line.

Delivery during the 8" month or less was considered
preterm delivery while delivery at 9" month or above was
considered full term. Low birth weight was defined as
birth weight less than 2500 grams.° Date of hirth,
Immunization status and vitamin A supplementation were
asked and verified by the immunization card if available.

Information on dietary intake of children was obtained
from mother. Calorie intake and protein intake was
calculated using the 24-hours recall method. Calorie
deficit was calculated by subtracting actual calorie intake
from the recommended calorie intake. Similarly protein
deficit was also calculated.” Hemoglobin of the children
was estimated using “WHO color scale”. Anemia was
defined as hemoglobin less than 11 grams%.®

Anthropometric measurements were done following the
WHO guidelines.® Nutritional assessment of children was
done by calculating Z- scores for weight for age (W/A),
height for age (H/A), weight for height (W/H) using
WHO Anthro v 3.0.1 software and WHO AnthroPlus v
1.0.3 software. '

Information was also collected on source of drinking
water, method of water purification, use of sanitary
latrine by family members and availability of kitchen
garden in house. We had also studied the effect of season
on diarrhea. The seasons broadly classified into four
categories based on climatically and also ICDS quarterly
survey, they are winter (January to March), summer
(April to June) rainy (July to September) and autumn
(October to December).*?

Statistical analysis

Data thus collected was entered in epi_info 6.04 and
analysis was donse by using SPSS version 16.0.
Magnitude was expressed in terms of cumulative
incidence, attack rates and average number of episodes.

Incidence rate was calculated using the formula

Incidence rate of diarrhea= (Number of children who had
at least one episode of diarrhea)*1000/Total number of
children at risk of diarrhea

Attack rate was calculated using formula

Attack rate= (Total number of episodes of
diarrhea)*100/Total number of children at risk of
diarrhea

For studying the epidemiological correlates we have used
risk ratio (RR) as a measure of association. Confidence
interval (95% CI) was also calculated for the relative risk.
p<0.05 was taken as significant.
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RESULTS
Study subjects

In the present study, 19.7%, 14.6% and 65.7% percent
children were in the age-group of 0-12 months, 13-24
months, 25-60 months respectively. Out of total 305
study population 160 (52.7%) were male and 140
(47.3%) were female. Most of the children 140 (45.7%)
belonged to other backward caste (OBC). More than fifty
percent 161 (53.7%) were from schedule caste (SC)/
schedule tribes (ST)/ nomadic tribes (NT).

Magnitude of diarrhea

The number of diarrhea episodes per child per year was
0.65 (95% CI=0.62-0.67). The cumulative incidence of
diarrhea among 0-6 years children was 485.7 per 1000
children per year (95% CI=430.8-540.9). In terms of
attack rate, the diarrhea among 0-6 years children was
63.5 percent (95% CI=58.1-68.7) (Table 1 and 2).

Table 1: Magnitude of diarrhea.

S Magnitude of

No. diarrhea
Number of

1 episodes per child  0.65

per year*

Attack rate (in

percent)

Cumulative

incidence (per

1000 children per

year)

*Total numbers of episodes of diarrhea among 315 children

during the study period were 200.

Magnitude 95% ClI

0.62-0.67

63.5 58.01-68.7

485.7 430.8-540.9

Table 2: Distribution of children according to the
number of episodes of diarrhea in a year.

Number of No. of children Percentage
episodes of suffered g
; (%)
diarrhea _
1 117 37.1
2 27 8.6
8 7 2.2
4 2 0.6

Risk factors of diarrhea

Age of child was significantly associated with diarrhea
with the highest risk among 7-12 month age groups (RR,
2.03; 95% ClI, 1.30 -3.18) (Table 3).

Birth weight was also found to be significantly associated
with diarrhea with low birth weight child at higher risk of
diarrhea (RR, 1.38; 95% Cl, 1.10-1.73) (Table 4).

Among other children characteristics significant
determinants of diarrhea were total duration of
breastfeeding (RR, 1.21; 95% ClI, 1.10-1.33); presence of
anemia (RR, 1.11; 95% ClI, 1.02-1.20) (Table 4 and 5).

In our study highest incidence of the diarrhea among
children was during summer season (528 per 1000
children) followed by rainy season (423 per 1000
children) and autumn season (302 per 1000 children).
Least diarrhea occurred during winter season (134 per
1000 children). The risk of diarrhea was significantly
higher being 3.39 (95% CI, 2.90-5.32) during summer
followed by 3.15 (95% CI, 2.30-4.30) during rainy and
2.24 (95% CI, 1.61-3.13) during autumn season as
compared to winter season (Table 6).

Table 3: Association of socio-demographic characteristics with diarrhea.

Total number

n=305 diarrhea

Variables

Number with

Incidence

(per 1000 Risk ratio

o
(RR) 95% CI

N (%) (n=143)

children)

Age (in months)

0-6 28 (8.9) 12 429 1 -

7-12 31 (9.8) 27 871 2.03 1.30-3.18

13-24 46 (14.6) 30 652 1.52 0.94-2.45

25-36 57 (18.1) 31 544 1.27 0.78-2.07

37-48 47 (14.9) 23 489 1.14 0.68-1.92

49-60 59 (18.7) 137 430 1.00 0.63-1.61

61-72 47 (14.9) 13 277 0.64 0.34-1.21

Sex

Female 149 (47.3) 75 503 1 -

Male 166 (52.7) 78 470 0.93 0.74-1.17

Caste

Open 5 (1.6) 1 200 1 -

OBC 144 ((45.7) 69 479 2.39 0.41-13.94

SC/STINT 166 (52.7) 83 500 2.50 0.43-14.52
Continued.
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Total number Number with Incidence Risk ratio

Variables n=305 diarrhea (per 1000 ) 95% ClI
N (%) n=143 children)

Socio-economic status

BPL 75 (23.8) 38 507 1 -

APL 240 (76.2) 115 479 0.95 0.73-1.23

Table 4: Association of birth history and infant feeding practices with diarrhea.

Total Number Number with Incidence Risk ratio
Variables n=305 Diarrhea (per 1000 ) 95% ClI
N (%) n=283 children)
Gestational age (months)
<9 36 (11.4) 17 472 1 -
>9 279 (88.6) 136 487 1.03 0.72-1.49
Birth weight (in grams)*
>2500 206 (71.5) 93 451 1 -
<2500 82 (28.5) 51 622 1.38 1.10-1.73
Duration of exclusive breastfeeding (months)*
>6 207 (71.4) 101 488 1 -
<6 83 (28.6) 42 506 0.96 0.75-1.24
Duration of breastfeeding (months)”
>24 169 (58.5) 64 379 1 -
<24 120 (41.5) 78 650 1.72 1.36-2.17
Bottle feeding
No 294 (93.3) 141 480 1 -
Yes 21 (6.7) 12 571 1.19 0.81-1.76

*Remaining (315-290)= 25 children were still on exclusive breast feeding at baseline; #A total of 24 children were still breastfeeding at
the time of diarrhea.

Table 5: Association of nutritional and immunization status on diarrhea.

Total number Number with Incidence . .
Risk ratio

Variables n=305 diarrhea (per 1000 95% CI

N (%) (n=283) children) )

Immunization

Complete age 217 (68.9) 99 456 1 -

Incomplete for age 98 (31.1) 54 551 1.21 0.96-1.52149

Anemia (Hb <11 grams%o)

Absent 105 (33.3) 42 400 1 -

Present 210 (66.7) 111 529 1.32 1.01-1.73

Calorie deficit

Absent 34 (10.8) 17 500 1 -

Present 281 (89.2) 136 484 0.97 0.68-1.38

Protein deficit

Absent 42 (13.3) 21 500 1 -

Present 273 (86.7) 132 484 0.97 0.70-1.34

Status of malnutrition

Underweight (W/A

<-2 D) ght ( 148 (47.0) 65 439 0.83 0.66 -1.05

gg{‘“”g* (HA<2 137 a1 62 453 0.89 0.71-1.13
FI

g‘g“'”g WH<2 6 (19.0) 33 550 1.07 0.82-1.39

*Height of four children could be taken as children were uncooperative; #Information on W/H for age was only available for 258 study
subjects as this information were not available in WHO Anthro-software for children of more than 5 year age.
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Table 6: Association of environmental characteristics with diarrhea.

Number with

Total Number diarrhea

Variables

Incidence . .
Risk ratio 95% ClI

N=305 (%)

Source of drinking water

(RR)

Piped water 303 (96.2) 149 492 1 -
Hand-pump 12 (3.8) 4 333 0.68 0.30-1.52
Method of water purification

Any method 239 (75.9) 124 519 1 -

No method 76 (24.1) 29 382 0.74 0.54-1.004
Use of sanitary latrine

Yes 120 (38.1) 59 492 1 -

No 195 (61.9) 94 482 0.98 0.78-1.24
Season

Winter (Oct-Dec) 315 (100.0) 10 32 1 -

Autumn (Jan-Mar) 315 (100.0) 10 32 1.00 0.42-2.37
Rainy (July-Sept) 315 (100.0) 39 124 3.90 1.98-7.67
Summer (April-Jun) 315 (100.0) 85 270 8.50 4.50-16.06

DISCUSSION

Diarrhea still remains a public health problem in
developing country like India. The present study was
conducted to estimate the burden of diarrhea in terms of
incidence rate and also to determine the risk factors of
diarrhea.

Frequent diarrhea episodes have been proven to affect the
growth and health of the child in several studies.”*** In
the present study the number of diarrhea episodes per
child per year was 0.65. The study conducted in
Pondicherry found the slightly higher average of 0.86
episodes per child per year.** The cumulative incidence
of diarrhea among 0-6 years children was 485.7 per 1000
children per year. A higher incidence was found in study
conducted in Pondicherry and Jammu.** One of the
possible reason could be due to calculation of incidence
density in contrast to cumulative incidence in our study.
Several other studies during 1990 to 2000 reported higher
incidences of over 2 episodes per child per year.">'® This
may be due to improved access and availability of safe
water supply and sanitation.

In present study the incidence of diarrhea was
significantly higher among infants of 6-11 and 12-23
months of age. This can be due to protective effect of
exclusive breast feeding for very young children of 0-6
months of age and less exposure of children to
environmental contaminated agents. On the other hand,
the frequency of diarrhea peaks at the age 6- 12 months
when the child is exposed to different types of infections
due to eating foods that are prepared un-hygienically, in
unclean water and unhealthy environment. Similar results
were found in several other studies.****

Low birth weight (LBW) is an important determinant of
several infectious diseases including diarrhea.?’ In this
study low birth weight children have 1.38 times high risk

of occurrence of diarrhea as compared to normal weight
children. Similar finding was there in a study from
Pondicherry where LBW children were 1.75 times high
risk of diarrhea as compared to child with normal birth
weight.®

Exclusive breastfeeding practices for the first 6 months of
life and continued breastfeeding until 24 months of age
continue to need improvement in nearly all low- and
middle-income countries. A systemic review found that
not breastfeeding resulted in an excess risk of diarrhea
mortality in comparison to exclusive breastfeeding
among infants 0-5 months of age (RR: 10.52) and to any
breastfeeding among children aged 6-23 months (RR:
2.18).2! In present study we also found that children who
were breastfed for less than two years were at
significantly higher risk of having diarrhea as compared
to those who were breastfed for more than two years.
Another study from Pondicherry also found a beneficial
effect of breastfeeding in preventing diarrheal episodes.*®

Any nutrient deficiency, if sufficiently severe, will impair
resistance to infection. Iron deficiency and protein-energy
malnutrition which are both highly prevalent, have the
greatest public health importance in this regard.? In this
study, we found that anaemia is significantly associated
with diarrhea. Anemia reduces the immunity of children
and makes them prone to infectious diseases like diarrhea
and respiratory infections.?®

Effect of environmental factors like season has been
studied in various studies. In this study also we found a
significant association of season and occurrence of
diarrhea. The incidence of diarrhea was significantly
higher during summer and rainy season. This can be due
to problem in safe water supply and sanitation problems
during these seasons. Other studies also found a higher
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incidence of diarrhea during summer and

season. 3%

rainy

Strength and limitations of the study
Strength

Being a cohort study it is among the few study from
central India which assessed the true risk of diarrheal
disease. Such study is free from of many biases which are
inherent in case control and cross-sectional studies.
Findings from this study thus may be of relevance for
health intervention programs in the region.

Limitations

Loss to follow up bias is one main concern in many
cohort studies. But we minimized this bias in our study
by making multiple visits. A maximum of three visits was
done before declaring a child as loss to follow up. Only
10 children in the present study who were initially
recruited lost to follow up. We didn’t account these
children in the final analysis.

Diarrheal morbidity was measured by asking mothers
about their children’s health in the past two weeks
preceding the survey. This may lead to some recall bias.

CONCLUSION

Although there has been reduction in incidence of
diarrheal due to better access to safe water supply and
improved sanitation. Further substantial changes in
diarrhea incidence will require action on multiple factors
like improvement of birth weight of child by better
maternal and child health (MCH) care, continued
breastfeeding of child till two year of age, correction of
anemia and provision of safe water supply and sanitation
during summer and raining season. All these will require
action simultaneously at the household and community
level.
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