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A diet based on rice powder, soya-bean oil, glucose, egg-white and salts was given to twenty-six patients 
of different nutritional status aged 4-18 months with persistent diarrheoa and twenty-five age-matched 
controls without diarrhoea. Clinical response was monitored during 1 week of dietary treatment and 
absorption of macronutrients was estimated during a 72 h balance study. Twenty-one patients (81 %) 
recovered from diarrhoea within 7 d. There were significant relationships between nutritional indices, 
recovery, and absorption of total energy, fat and N. The absorption of fat, protein and carbohydrate in 
the better nourished controls without diarrhoea was significantly higher than in patients with persistent 
diarrhoea with better nutrition or malnutrition. The duration of diarrhoea was significantly longer in 
lighter patients (weight-for-age < 65 YO NCHS (1976) standard), in wasted patients (weight/height < 
80% of NCHS) and those with mid upper arm circumference (MUAC) less than 110 mm. There were 
negative relationships between the period of recovery and the coefficient of absorption of fat (P < 0.001), 
total energy intake (P < 0.01) and MUAC (P < 0.05). Weight-for-age and MUAC showed most 
effective discriminative power for absorption of nutrients. However, the coefficients of absorption for 
carbohydrate were not different for any pair of nutritional groups. Absorption of all nutrients was also 
correlated negatively with severity of persistent diarrhoea on admission. The results of the present study 
indicate that a rice-based diet is highly effective in the management of persistent diarrhoea, while 
malnutrition aggravates nutrient malabsorption, increases duration and severity of diarrhoea and less 
severely malnourished patients do not absorb nutrients as well as healthy controls. Malnutrition and the 
initial severity of diarrhoea are significant determinants of clinical prognosis and nutrient absorption in 
persistent diarrhoea. 

Persistent diarrhoea: Rice-based diet: Malnutrition: Childhood 

Persistent diarrhoea (an episode of acute diarrhoea which continues for more than 2 weeks) 
is poorly understood with regard to its underlying pathophysiology and its management is 
still problematical (Roy et al. 1989). Nutritional management with an appropriate diet still 
remains the cornerstone of successful therapy in comparison with acute diarrhoea. Little is 
known about the role of enteropathogens which are isolated during routine hospital 
practice (Roy et af. 1989, 1992). It has been shown that malnourished patients suffer from 
increased severity (Palmer et af. 1976) and duration in acute diarrhoea (Tomkins, 1981) and 
have a fourteenfold higher risk of mortality even after their recovery (Roy et al. 1983). 
Stools from patients with persistent diarrhoea indicate severe malabsorption of nutrients 
(Roy et af. 1990) which is much higher than that occurring in patients with acute diarrhoea 
(Molla et al. 1982). Management of persistent diarrhoea has always remained prob- 
lematical, especially because patients had malnutrition and significant digestive and 
absorptive derangement. The use of a semi-elemental diet such as comminuted chicken has 
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124 S. K. R O Y  A N D  O T H E R S  

been successful in the management of patients with severe persistent diarrhoea (Larcher et 
al. 1977), but its cost, preparation and availability in communities with limited resources 
indicate a requirement for an even simpler and less expensive but efficient diet. The 
interrelationship between acute diarrhoea and malnutrition has been studied extensively 
during the last few decades (Scrimshaw et al. 1968; Mata et al. 1977), but it is not 
known whether the nutritional status of patients with persistent diarrhoea affects nutrient 
absorption and time taken for recovery or whether the degree of malabsorption differs from 
that of healthy controls. To understand these interactions, during a 7 d period of therapy 
with a rice-based simply-formulated diet, twenty-six patients with persistent diarrhoea and 
various grades of malnutrition and twenty-five healthy age-matched controls were studied 
using a 72 h metabolic balance at the Clinical Research Centre of the International Centre 
for Diarrhoea1 Disease Research, Bangladesh (ICDDR, B). 

PATIENTS A N D  METHODS 

Twenty-six male patients aged 4-18 months who were passing three or more liquid or 
watery stools daily for more than 14 d were selected. Exclusion criteria included exclusive 
breast-feeding below 5 months with no intention to introduce a supplementary diet, 
presence of acute diarrhoea pathogens such as Vibrio cholerae, Salmonella or Shigella spp., 
systemic infections and kwashiorkor. Twenty-five age-matched healthy controls who 
attended the Clinical Research Centre with acute diarrhoea at least 4 months earlier and 
had no history of diarrhoea within the previous 2 months were selected. The study was 
approved by the ICDDR, B Ethical Review Committee. Informed consent was obtained 
from the parents of the children. Initial clinical management included rehydration with 
intravenous fluid, and measurements every 8 h of food and fluid intakes, stool, urine and 
vomitus. Initial laboratory investigations on admission included packed cell volume, total 
leucocyte count and serum electrolytes. Identification of enteropathogens from stool 
included V.  cholerae, Shigella spp., Salmonella spp., enterotoxigenic Escherichia coli, 
Campylobacter jejuni, and Rotavirus. Anthropometric data on body weight, supine length 
and mid upper arm circumference (MUAC) were taken by a trained nutritionist on 
admission and weight was measured daily between 09.00 and 10.00 hours. Measurements 
were taken to the nearest 1 g for body weight, 1 mm for length and 2 m m  for MUAC. 
Breast-feeding was encouraged and breast-milk intake was estimated by weighing the child 
before and after breast-feeding. The patients and their controls were given a local 
inexpensive diet (cost US $0.30/1) which was prepared with rice powder, egg-white, soya- 
bean oil, glucose, salts and water (Table 1). It contained 1.67 MJ/1 with 8 % energy from 
protein. The ingredients of the diet were collected and measured as required with a balance. 
The whites of two duck eggs were separated, weighed, and then mixed with rice powder, 
glucose and soya-bean oil and taken in about 1 litre water and boiled for about 5 min. The 
final volume was made up with additional water and minerals were added. Feeds were given 
freely once per hour. 

The diet was based on culturally-accepted rice powder usually fed to children in 
Bangladesh. Soya-bean oil has been given to increase the energy density and lower the 
viscosity ; glucose was added for ready absorption and to prevent hypoglycaemia in 
malnourished children with diarrhoea and for sweeter taste of the diet; egg albumin was 
easily digestible and as a reference protein had high net protein utilization (NPU); the total 
osmolality of the diet was 280 mosmol/kg which was within the safe osmotic range for the 
small intestine. The diet contained (g/l): NaCl 1, KCl 1 ,  calcium lactate 1, to provide these 
essential nutrients in this milk-free diet designed for malnourished children with persistent 
diarrhoea. 

Patients whose stool consistency improved from liquid to soft within 7 d of dietary 
therapy were considered to have recovered from persistent diarrhoea. Those who did not 
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Table 1. Composition of rice-based diet (g /r )  and some characteristics 

Osmolality 
(mosmol/l) 

. . 

- Rice powder 30 
Egg white 50 ~ 

Glucose 25 139 
KC1 1 13 
NaCl 1 17 

- Soya-bean oil 20 

MgCI, 0.5 5 
CaCI, 1 9 
Water (ml) 935 
Cooked volume (ml) I000 

Total osmolality (mosmol/kg) 280 
Energy (MJ) 1.67 

~ _ _ ~  

recover within 7 d were given a comminuted chicken-based diet. To determine nutrient 
absorption, a 72 h balance study was carried out with the previously-mentioned diet after 
a 24 h pre-balance period following admission. Details of the method of balance study have 
been described previously (Molla et al. 1982; Roy et al. 1990). 

The patients were rehydrated with intravenous ‘Dhaka Solution’ (mmol/l: Na’ 133, Kf 
13, C1- 98, HCO; 48; Cash et a/ .  1969). After initial rehydration and observation for 8 h 
following admission, a study diet was given ad lib, for a 24 h pre-balance period, followed 
by a 72 h balance study, then the diet was continued for a total of 7 d .  Patients who 
continued to suffer from diarrhoea after 7 d on the diet were defined as failure cases and 
were then given a comminuted-chicken diet (Roy et al. 1989; ground chicken meat with 
glucose, soya-bean oil, salts and water) and antibiotics if indicated. Portions of 72 h 
homogenized stools during balance study were analysed for total fat by the Van de Kamer 
et al. (1949) method, N by the microKjeldah1 method (Henry, 1964) and total energy using 
an adiabatic bomb calorimeter (Gallenkamp, Loughborough, Leics.). Carbohydrate 
absorption was calculated by subtracting energy from fat and N from the total dietary 
energy. There was a limitation of using the calculation of apparent digestibility instead of 
direct measurement of carbohydrate. The method was used first for its reproducibility in 
relation to our previous studies (Molla et al. 1982; Roy et al. 1990) and second because 
there was no alternative method available to the investigators. The coefficient of nutrient 
absorption was calculated as : 

((intake-loss)/intake) x 100. 
Stool weights and nutrient intake were expressed as g/kg body weight per d and total 
energy intake as kJ/kg body weight per d .  Control children were given the same diet and 
underwent the same balance studies. 

Anthropometric assessment and nutritional classijication 
Weight-for-age, weight-for-length and length-for-age were calculated from the measure- 
ments taken on admission and expressed as percentage of the median NCHS (1976) 
standard. MUAC was measured using an insertion tape (TALC; Teaching aid at low cost, 
St. Albans, Herts.). Patients were classified into upper and lower nutritional groups as 
following: a cut-off point for weight-for-age was taken at  65 %, below which a significantly 
increased risk of mortality has been reported in similar populations (Roy et a/. 1983; Chen 
et al. 1980). A cut-off point for weight-for-length was taken at  80 % to identify the wasted 
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126 S. K .  ROY A N D  O T H E R S  

and non-wasted children (Waterlow, 1972). A cut-off point for MUAC was taken at 1 10 mm 
below which a sharp rise in mortality has been reported in Bangladeshi children (Briend 
et al. 1986). Healthy better-nourished controls had a median weight-for-age of 8 5 % ,  
ranging from 70 to 109% of the NCHS (1976) standard weight-for-age. The control 
children had a median weight-for-length of 99%, ranging from 81 to 117%. 

Statistical procedure 
For the non-normally-distributed data, comparisons between nutritional groups and 
controls were done by Mann-Whitney U test. Values were log transformed when 
distribution was skewed and parametric tests were used. Regression analysis was done to 
estimate the correlations between variables such as the anthropometric data, stool output, 
nutrient absorption and recovery period. Multiple-regression analyses were performed in 
statistical models taking the coefficient of absorption and recovery period as dependent 
variables. Statistical significance was accepted at a probability level of P < 0.05 

R E S U L T S  

General characteristics and clinical response of patients 
The patients with persistent diarrhoea were significantly malnourished compared with the 
healthy controls. The median age of the patients was 8.5 months and their nutritional status 
based on weight-for-age ranged from 47-90 % of the median NCHS (1976) standard. Their 
purging rate ranged from 30 to 213 g/kg body weight per d on admission. Pre-hospital 
duration of diarrhoea ranged from 2 weeks to 2 months. Twenty-one of twenty-six patients 
recovered (81 YO) within 7 d of dietary therapy, with a median of 4 d. Among the five failure 
cases, one developed bronchopneumonia, one developed both bronchopneumonia and 
septicaemia, one developed urinary tract infection with E. coli (2 x lofi) while the others did 
not have any systemic infection. The median stool weight in the first 24 h of admission was 
significantly higher ( P  < 0.01) in the ‘failure’ group. During the 72 h balance period 
median stool weights were significantly different (209 v. 727 g/kg) for the ‘improved’ and 
‘failure’ groups. A significantly higher ( P  < 0.001) loss of nutrients in stool was also 
observed among the ‘failure’ group. N balance (N intake-(N in stool+N in urine)) was 
negative in the ‘failure’ group whereas it was positive among those who recovered. Five 
patients who did not respond to rice-based diets were given a comminuted-chicken diet and 
antibiotics and they all eventually improved in a median of 15 d. 

The characteristics of the patients with persistent diarrhoea and those of healthy controls 
are shown in Table 2. They show that the groups were age-matched and the patients were 
significantly malnourished compared with their healthy counterparts. 

Table 3 shows a comparison between the better-nourished and more malnourished 
patients with persistent diarrhoea using cut-off points of weight-for-age and MUAC as 
indices of nutritional status. There was no significant difference in pre-hospital duration of 
diarrhoea, age and dietary intake of children between these nutritional groups. 

Linear relationships between weight-for-age, MUAC, duration of diarrhoea before 
admission, nutrient absorption, recovery period, energy intake and stool weight are shown 
in Table 4. MUAC as an indicator of nutritional status was correlated positively with 
absorption of total energy ( r  0.5, P < 0.01) and negatively with duration of recovery (Y 0.5, 
P < 0.01). A longer recovery period was also related to reduced absorption of total energy 
( r  0.7, P < 0.001). A higher purging rate on admission was associated with a prolonged 
recovery period ( P  < 0.001). Pre-hospital duration of diarrhoea did not show any 
significant relationship with nutritional status ( r  - 0.39), recovery ( r  0.36) or absorption of 
total energy ( r  - 0.07). Anthropometric indices, weight-for-age and MUAC were correlated 
well ( r  0.77, P < O.OOl), as expected. 
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Table 2. General characteristics of the patients with persistent diarrhoea and healthy 
control children on admission 

(Median values and ranges) 

Patients Controls 
(ti 26) (n 25) 

Characteristics Median Range Median Range 

Age (months) 8.5 5-17 10 5-18 
Wt (kg) 6 4.3-8.4 8* 6.7-11.7 

Wt-for-age? 66.7 47-90 84.7* 70-109 
Length (mm) 666 560-750 705** 605-795 

Wt-for-lengthi 80.8 64108 98.6* 81-117 
MUAC(mm) 115 90-137 133* 115-149 

MUAC, mid upper arm circumference. 
Median values were significantly different from those of patients with persistent diarrhoea (Mann Whitney U 

test): * P = 0,001, ** P = 0.002. 
YO of 50th centiie of NCHS (1976). 

Table 3 .  Comparison of admission characteristics between patients with persistent 
diarrhoea with higher and lower nutritional status* 

(Median values and ranges) 
~- 

Wt-for-age? MUAC (mm) 

< 65% > 65% 
(n  11) (n 15) 

Characteristics Median Range Median Range 

Pre-hospital 17 1 4 6 0  25 1 5 4 5  
duration of 
diarrhoea (d) 

Age (months) 9 &I3 8 5-17 
Total energy intake 447.7 301.2-594.1 376.6 230.1-648.5 

Stool wt 1st 24h  136 26-330 87 25-266 
(kJ/kg per d) 

(g/kg Per d) 
No. of stools/d on 25 6-40 9 3-35 
admission 

____ 

< 110 > 110 
(n 10) (n  16) 

Median Range Median Range 

22 15-60 17 14-45 

9 7-13 8 5-17 
4268 297.1-569.0 368.2 2259-648.5 

132 2&330 78 24-203 

14 5-40 12 3-23 

~ .-. ~- - __ ~ 

MUAC, mid upper arm circumference. 
* For details of patients, see Table 2 and p. 124. 
t Expressed as percentage of the median NCHS (1976) standard 

The values for major independent variables such as MUAC and severity of diarrhoea 
(stool weight in the first 24 h), measures of outcome such as coefficient of absorption of 
nutrients and period of recovery are shown in Table 5 .  There is a consistent trend to 
indicate that children with a higher MUAC had higher coefficients of absorption of 
nutrients and required fewer days for recovery. Table 5 also shows that almost all the 
children who failed to recover within 7 d had a MUAC below 110 mm, their absorption 
coefficients were much lower and their purging rates were higher. It is also notable that the 
patients with a higher MUAC had a higher coefficient of absorption and recovered quicker 
even in cases of initial severe diarrhoea. 
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128 S. K. R O Y  A N D  O T H E R S  

Table 4. Correlations between logs of variables related to prognosis and outcome of 
treatment with a rice-based diet in patients with persistent diarrhoea? 

LWA LTOTCAL LMUAC LRECOV LABSCAL 

LSTVOLDI 0.35 Q46** - 0.4 1 0.58*** -0.75** 
LWA - -0.14 0.77** - 0.35 0.40 
LTOTCAL __ - -0.19 0.48** -0.28 
LDURDR - - 0.39 0.36 - 0.07 
LMUAC 
LRECOV 
n 

~ 

- - ~ -0.46** 0.50** 
- - ~ - - 0.69*** 
26 ~ ~ __ - 

LSTVOLDI, log of stool weight per kg body weight in first 24 h ;  LWA, log of wt-for-age (% NCHS (1976) 
median); LTOTCAL, log of total energy intake (kJ/kg per d);  LMUAC, log of mid upper arm circumference; 
LRECOV, log of recovery period (d); LABSCAL, log of coefficient of absorption of total energy; LDURDR, log 
of preadmission duration of diarrhoea. 

** P < 0.01, *** P < 0.001. 
t For details of patients, see Table 2 and p. 124. 

Table 5. Values ,for mid upper arm circumference ( M U A Q  stool weight on jirst day of 
admission, coeficient of absorption of total energy and period of recovery fo r  patients with 
persistent diarrhoea* 

M UAC 
Patient no. (mm) 

Stool wt 
Coefficient of 
absorption of 

total energy (YO) 
Recovery 
period (d) 

1 1 I5 
2 109 
3 115 
4 117 
5 137 
6 135 
7 134 
8 125 
9 124 

10 105 
11 135 
12 129 
13 125 
14 105 
15 101 
16 I06 
17 90 
18 122 
19 116 
20 125 
21 94 
22 109 
23 107 
24 1 I6 
25 I15 
26 105 

136.4 
236.6 

40.0 
203.3 

55.3 
98.1 
24.8 
87.2 
66.9 

265.9 
26.5 
36.3 
91.8 

100.0 
25.9 

149.1 
46.3 
42.1 

113.3 
69.4 

329.5 
197.1 
115.2 
132.2 
174.8 
101.9 

55.43 
28.92 
72.59 
82.52 
62.79 
67.83 
82.80 
80.1 5 
89.83 
30.36 
92.00 
92.03 
73.49 
54.39 
76.83 
50.37 
73.9 I 
71.15 
53.41 
89.19 
35.92 
27.65 
49.98 
63.43 
53.57 
68.63 

6 
22 
6 
3 
9 
3 
2 
7 
4 

11 
2 
3 
3 
6 
2 

39 
7 
5 
7 
2 

15 
6 
6 
4 
5 
3 

~ - 

* For details of patients, see Table 2 and p. 124. 
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Table 6. Outcome of dietary therapy according to  nutritional status (expressed as YO median 
NCHS standard and mid upper arm circumference (MUAC))  of the patients with persistent 
diarrhoea? 

(Median values and ranges) 

Indicator of Wt-for-age Wt-for-length MUAC (mm) 
nutritional status.. . 

< 6 5 %  ~ 6 5 %  < 8 0 %  > 8 O %  < 110 > 110 
n... 11 15 14 12 10 16 

72 h stool wt (g/kg): Median 479 195* 345 186* 476 202* 

Period of recovery (d): Median 6 3***  6 3*** 7 4* 
Range 5 M 5 9  50-727 120-859 50-547 56859 5@547 

Range 2-39 2-1 1 3-39 2-9 2-39 2-9 
Coefficient of absorption (YO) 

Total energy : Median 54 74*** 53 74* 50 73*** 
Range 28-77 30-92 28-90 53-92 28-77 53-92 

Fat: Median 48 71*** 51 65* 44 71*** 

N : Median 48 63*** 53 55 31 60*** 

Carbohydrate: Median 73 85 77 85 64 85 

Range 21-97 38-95 21-97 4 4 9 5  21-65 44-97 

Range - 10-63 - 122-82 - 1@70 - 122-82 - 10-63 - 122-82 

Range 32-97 23-97 23-91 49-94 23-97 55-97 
- 

Mean values for patients with lower nutritional status were significantly different from those who were better 

t For details of patients, see Table 2 and p. 124. 
nourished for each indicator of nutritional status (Mann-Whitney U test): * P < 0.05, *** P < 0.005. 

loo r 
I n . . ...... . ..... . . , . . - . . . . . . , *** .':'.':,',.,., 

n 

*** 

Energy Carbohydrate Fat Nitrogen 
Nutrients 

Fig. I .  Coefficients of macronutrient absorption in patients with persistent diarrhoea and in healthy controls. (m), 
Weight-for-age < 65% median NCHS (1976) standard; (B), weight-for-age > 65% median NCHS (1976) 
standard; ( O ) ,  controls. Median values were significantly different from control values: *** P < 0.001. For details 
of subjects, see Table 2 and p. 124. 

When nutritional groups based on cut-off points were compared, the difference in clinical 
outcome became more evident (Table 6). Children having a low weight-for-age (< 65 YO of 
median NCHS (1976) standard) and a low MUAC (< 110 mm) suffered for a significantly 
longer (twice more) period, lost greater amounts of stools and had significantly reduced 
absorption of energy, fat and N. Similarly wasted (< 80 % weight-for-length) patients had 
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Table 7. Coeficient of multiple regression taking absorption as a dependent variable for 
patients with persistent diarrhoea* 

(Multiple R 0.85, R' 0.72, F 10.42, significant F 0.0000) 

Significant 
Variable B SE B Beta T 

TOTCAL (kJ/kg per d) 0.04 0.09 0.06 0-66 
WA (% NCHS) - 0.48 037 -0.21 0-27 
STFRQDI (no./d) - 0.79 0.39 -0.38 0-05 
MUAC (mm) 5.78 2.89 0.38 0.05 
STWTDI (g) -0.10 0.05 -0.42 0.05 

0-1 1 Constant 43.93 26.91 - 

TOTCAL, total energy intake; WA, wt-for-age; STFRQDI, stool frequency in day 1 ; MUAC, mid upper arm 
circumference; STWTDI, stool weight in day 1; B, regression coefficient; SE B, standard error of regression 
coefficient; Beta, standardized regression coefficient. 

* For details of patients, see Table 2 and p. 124. 

Table 8. CoefJicient of multiple regression with period of recovery as dependent variable 
for patients with persistent diarrhoea 

(Multiple R 0.76, R' 0.58, F 7.3, significant F 0.0008) 
-~ 

Significant 
Variable B SE B Beta T 

Log absorption (YO)* - 1.20 0.48 - 0.58 0.01 

Log energy intake? 0.86 0.43 0.32 0.05 
Log MUAC (mm) -0.83 1.10 -0.12 0.45 

Log stool wt (g/kg per d ) l  0.05 0.23 0.05 0.82 
Constant 2.95 3.65 - 0.19 

B, regression coefficient; SE B, standard error of regression coefficient; Beta, standardized regression coefficient; 
MUAC, mid upper arm circumference. 

* Coefficient of absorption of total energy. 
t Total energy intake (kJ/kg per d). 
$ Stool wt per kg body wt in 1st 24 h. 

a significantly longer recovery period and reduced absorption of energy and fat. It was 
an important observation that absorption of carbohydrate was not affected in the more 
malnourished patients. 

Fig. 1 shows that the effect of nutritional status was further established when healthy 
better-nourished controls were compared with malnourished patients. There was a 
significantly higher absorption (median coefficient) of total energy in healthy controls 
compared with malnourished patients (90 v. 54 %, P < 0.0001) and better-nourished patients 
(90 v. 74%, P < 0.001). There was also a significant difference in carbohydrate absorption 
between controls and malnourished (93 v. 73 'A, P < 0.01) and better-nourished patients 
(93 v. 84%, P < 0-002). Absorption of both fat and N were similarly reduced in both 
nutritional groups of patients with persistent diarrhoea compared with the better- 
nourished controls. 

Table 7 shows the coefficients of multiple regression. The nutritional indicator MUAC 
EGshowed a significant positive relationship with absorption of nutrients (P < 0.05) whereas 
stool weight had a significant negative effect on nutrient absorption (P < 0.05). When 
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recovery period was taken as a dependent variable, absorption coefficient appeared as a 
significant determinant ( P  < 0.01, Table 8). The interaction between diarrhoea and 
malnutrition (calculation not shown) was significantly associated with absorption of 
nutrients (slope 16.8, SE 4.2, P < 0.0002). 

D I S C U S S I O N  

The study showed that twenty-one (8 1 YO) patients with persistent diarrhoea recovered 
within 1 week after receiving an inexpensive local diet. Three of five ‘failure’ patients 
developed systemic infection. The patients who failed to recover were suffering from more 
severe malnutrition than those who recovered. It was not known whether systemic infection 
or nutrient malabsorption was responsible for clinical failure in patients with persistent 
diarrhoea. The presence of enteropathogens has been reported in patients with prolonged 
diarrhoea (Gracey & Stone, 1972; Roy et al. 1992) but their role remains unknown in the 
present study as the patients with enteropathogens improved without any antibiotics. The 
rate of purging during the first day of admission and 72 h balance period correlated 
negatively with nutritional status. This is consistent with an earlier study of acute diarrhoea 
where malnourished patients suffered from more severe cholera (Palmer et al. 1976). In our 
patients, purging rate was positively associated with nutrient malabsorption. Also it has 
been reported that in patients with persistent diarrhoea a reduction in total gut transit time 
is associated with reduced absorption (Roy et al. 1992~) .  The effect of high purging rate on 
nutrient absorption has not been studied in patients with persistent diarrhoea. The osmotic 
load caused by the undigested and unabsorbed nutrients might have contributed partly to 
the high purging rate. Lactose malabsorption is often responsible but the diet was free of 
lactose. In some of the breast-fed children malabsorption of some of the lactose from their 
mothers’ milk could have occurred. Absorption of energy was correlated positively with 
MUAC and correlated negatively with the recovery period. It appears that MUAC may 
serve as an important prognostic factor for absorption of nutrients which may in turn 
influence the period of recovery from diarrhoea. 

In comparison with healthy controls, patients with persistent diarrhoea showed a severe 
reduction in nutrient absorption and this could have a significant impact on recovery or 
clinical response. Absorption of nutrients in the more malnourished group of patients with 
persistent diarrhoea was reduced to half, or even less, of those of healthy controls. The 
substantial difference in absorption compared with control children was attributed to two 
factors : (a) persistent diarrhoea, (b) malnutrition; hence, absorption in patients with 
persistent diarrhoea could be assessed more effectively by comparing children with a similar 
nutritional status without diarrhoea. However, our patients were suffering from persistent 
diarrhoea for an average pre-hospital duration of 3 weeks associated with malabsorption 
of nutrients; moreover, they might have been restricted to reduced food intake during 
illness. Therefore, it is difficult to separate the effect of persistent diarrhoea from that of 
malnutrition. It has been shown that the malnourished children suffer from a twofold 
higher risk of persistent diarrhoea (Bhandari et at. 1989); similarly, severe nutrient 
malabsorption may aggravate malnutrition in persistent diarrhoea (Roy et al. 1990). Of 
more concern are the patients with severe malnutrition whose absorption of energy is far 
below the requirement for maintenance of body weight. Every day with diarrhoea results 
in an increased cost of sustenance derived from the very poor mass of the malnourished 
body; hence, wasting is precipitated in such a catabolic event. Moreover, a coefficient of 
protein absorption of 31 % in more malnourished patients was likely to cause a negative 
N balance during persistent diarrhoea. This would increase the deficiency of essential 
circulatory proteins and somatic proteins and hasten the appearance of oedema leading to 
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kwashiorkor. Patients with mucosal injury have a compromised digestive and absorptive 
capacity which imposes difficulty in efficient feeding for recovery from perisistent diarrhoea 
and malnutrition. The relationship between nutritional status and nutrient absorption in 
persistent diarrhoea was further evident when compared with healthy controls. 

The duration of recovery and absorption of nutrients were significantly different between 
the lower and higher nutritional groups. Reduced absorption in malnourished patients 
could be related to digestive disorders such as insufficient exocrine pancreatic functions 
(Jain et at. 1986) and brush-border disaccharidase deficiency (Chandra et al. 1968). 
Absorption of carbohydrate was not affected by poor nutritional status in patients with 
persistent diarrhoea. It is plausible that digestive enzymes such as salivary amylase, 
pancreatic amylase and brush-border maltase (EC 3 . 2 . 1  .20) were relatively less affected in 
malnutrition (Jain et al. 1986). An earlier study from this centre showed that carbohydrate 
absorption, also, is not reduced during acute diarrhoea, but malnourished patients were not 
included in that study (Molla et al. 1982). 

The wasted children with persistent diarrhoea had significantly lower absorption of fat 
which reflected a greater reduction in lipase (EC 3 .1  . 1 . 3 )  activity in the malnourished 
children (Jain el al. 1986). The apparent absence of difference in N absorption between the 
wasted and non-wasted patients might be related to the presence of excess endogenous N 
in stool, enough to mask the actual difference related to dietary N. Although intolerance 
to cow’s milk and soya-bean protein (Whittington el al. 1977) has been reported in patients 
with perisistent diarrhoea, hypersensitivity to egg protein, a component of our rice-based 
diet, has neither been reported to be a major problem in such patients nor was it observed 
in our previous studies (Roy et al. 1990, 1991) or in the present study. Moreover, the 
increase in intestinal permeability was associated with entry of dietary protein antigens only 
in premature infants (Jackson et al. 1983). In our patients egg albumin could be a source 
of antigen but clinical signs of hypersensitivity were absent during the whole study period. 
Since egg albumin is a reference protein, NPU has been maximum from this source. The 
use of egg protein is more convenient, in terms of both availability and cost, compared with 
chicken meat or fish in Bangladesh where food preservation by refrigeration is unavailable 
to the majority of the population. The use of mung beans (Phaseolus aureus) or lentils (Lens 
esculenta) as protein sources in diets of patients with persistent diarrhoea in India has been 
reported (Bhave et al. 1983), but its cost is high in Bangladesh and its success was 
unremarkable in our younger group of patients. A recent report has suggested that patients 
with persistent diarrhoea associated with mucosal injury have significantly better repair 
with Zn supplementation (S. K. Roy, A. Tomkins, R. Haider, R. Behrens, S. M. Akra- 
muzzaman & D. Mahalanabis, unpublished results). Among other micronutrients, 
folate and vitamin A are potentially useful in promoting repair and growth of mucosa 
which might have been inadequate in such malnourished patients suffering from persistent 
diarrhoea. The wasted patients also had a significantly longer duration of recovery which 
appeared to be dependent on nutritional status (MUAC), nutrient intake and nutrient 
absorption. 

In conclusion, patients with persistent diarrhoea who were malnourished or had severe 
diarrhoea on admission had a poorer prognosis during dietary management. In addition to 
the success of a locally-prepared inexpensive diet, our study suggests that malnourished 
patients lose about 50% of nutrients, require twice the time period for recovery and the 
severity of diarrhoea was about threefold higher. We confirmed that malnutrition in 
patients with persistent diarrhoea carries a significantly higher risk and should be given 
higher priority for efficient dietary management. Further in-depth studies are required to 
identify specific risk factors for macronutrient malabsorption in children with malnutrition 
with persistent diarrhoea. 
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