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Abstract 

This project was carried out as part of a larger project whose objective is to 
investigate the causes of linear growth retardation of the African child in the 
Sahelian ecozone. It has been carried out as a joint venture between the 
National Institute of Nutrition of Italy, the ORSTOM, Montpellier, France and 
the ORANA, Dakar, Senegal. 

The original purpose of the project was to establish the rates of energy 
turnover in normal and growth retarded children and their mothers by 
assessing the energy expenditure and breast milk intake of the children, and 
the maternal energy expenditure plus breast milk production. These 
objectives were to be met by the use of2H2'80 to label total body water and 
measure energy expenditure by the doubly labelled water (DLW) method. 

However, due to technical and analytical difficulties, it is not possible to 
reproduce here the results of the 2H2

1S0 investigations. This report is 
therefore mainly concerned with describing the protocols that were 
developed and the anthropometric data. Weight velocity is depressed, 
particularly during some months. The weight-for-height approximatedNCHS 
median values. However, weight-for-age and height-for-age were 
depressed. Mothers' mean body mass index was 22 (18 to 32), and bore 
no relationship to the anthropometric indicators of nutritional status of the 
respective children. Throughout the year, anorexia, fever, and diarrhoea are 
inversely correlated to weight gain, with some seasonal differences noted. 
Children who were breastfed spent approximately 5.3 hours per day in 
mothers' arms, of which 1.1 hours per day were during breast-feeding. 
Seasonal differences in activity patterns of women, and the time they spend 
for food procuring and preparation may help to explain the weight and 
growth trends found in the children in this study. 
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1. SCIENTIFIC BACKGROUND AND SCOPE OF THE PROJECT 

Growth retardation is an almost universal phenomenon in developing countries (DC), 
affecting a large proportion of the population. The first ACC/SCN report on the world 
nutrition situation [1], although far from being as complete as desirable, showed that up 
to 70% of the children in Africa below age of 5 years can be severely stunted (stature 
below the 3rd percentile or -2SD of the international standards). The indicator of ponderal 
growth (weight-for-height) shows a consistently better situation, with less than 3 0 % of 
the children being below 2 SD of the international weight-for-height standard. 

Spurr [2] has extensively investigated the functional capacity of malnourished 
Colombian children. While total oxygen uptake during standardised exercise has been 
shown to be lower in stunted children, the difference was not significant when the results 
were normalized for body weight. In adults, smaller stature has not been found to be 
associated with any risk factor but it is recognised that a stunted adult has a lower 
maximum work capacity [3]. This functional handicap is both undesirable and preventable. 
An understanding of the nutritional causes of stunting is still lacking. 

Major or minor illnesses, hormonal disorders, inadequate food intake, specific 
deficiency of various nutrients, and psychosocial deprivation are some of the large number 
of factors which have been recognised as potential causes of retarded growth. In order 
to correctly plan and implement preventive and/or therapeutic measures, it is operationally 
important that the nutritional determinants of stunting be established and their impact 
separated from that of infections. The early appearance of growth retardation points out 
the need to investigate the first months of life. 

The purpose of the project was to assess the energy turnover in normal and growth 
retarded children. Energy expenditure and breast milk intake of the children, and of breast
feeding mother-child were the main tools used to meet the objectives. 

The study protocol was designed in such a way as to simultaneously track in a 
group of children the following three major modulators of growth rate: 

1 ) infectious diseases and parasitic infestations 
2) nutrient intake and energy balance 
3) maternal behavioural make-up, conducive to emotional deprivation or benign 
neglect of the child 

2. EXPERIMENTAL METHOD 

2 . 1 . STUDY SITE 

The site selected for the study is represented by a cluster of small villages 
(Mbousso, Ndondol and Diokane), situated about 120 km east of Dakar in the 
administrative region of Ciourbel, district of Lambaye. The area is traditionally rural; the 
main staple is represented by millet and beans (Niebe, or catganj cow pea). The major 
economic resource is cash cropping (groundnuts). A large proportion of men (up to 70%) 
tend to migrate seasonally to nearby cities (Dakar) for paid employment. 
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The climate of the region is warm, with average yearly temperatures ranging 
between 25 and 35 degrees C. There are two seasons, a short rainy and warm season 
(3 months) during which malaria and gastrointestinal diseases are particularly frequent, and 
a long, dry cool season. Yearly rainfall is about 300 ml. 

2.2. STUDY SAMPLE 

The larger study recruited three cohort of 35 children each (average ages at 
recruitment equalled 10 days, 12 months and 24 months) in a mixed cross-
sectional/longitudinal design, where for each newborn child, one child aged 12 ± 1 
months and one child aged 24 ± 1 months were selected. Each of these children was 
regularly monitored every two weeks, over a total period of 10 months, for what concerns 
physical growth, food intake, physical activity, and health conditions. 

Two convenience subsamples were recruited from this overall sample. One group 
was made of 34 children of both sexes, 11 for each age group 8-12 months, 19-22 
months and 31-36 months. Another group was made of 10 mother-child couples. Energy 
expenditure and breast milk production/consumption were measured on all these subjects. 
Only 38 children successfully completed the study; five children failed because of a variety 
of reasons ranging from vomit, diarrhoea, partial spilling of the isotopic dose, etc. Table 
1 and 2 illustrates the age breakdown and the anthropometric characteristics of the 
subjects of the two groups who successfully completed the study. 

2.3. PROTOCOL 

2.3.1. Anthropometry 

The entire sample (105 children) were followed fortnightly for 18 months, 
assessing body weight and illness every two weeks and measuring height once a month. 
Body weight was measured over calibrated digital scales to the nearest 20 grams. Height 
was measured wi th a board graduated in millimetres in a recumbent position up to 23 
months, then in standing position for children of 24 months and over. 

During fortnightly visits to the families, a medical assistant assessed children's 
health status (fever, anorexia, diarrhoea and coughing). 

Weight and height velocities of children were calculated from consecutive 
measurements of weight and height and are expressed in grams and millimetres per day. 

2.3.2. Energy expenditure and breast milk intake 

Two different protocols were developed to measure respectively the energy 
expenditure and breast milk intake of the children, and the maternal energy expenditure 
plus breast milk production of the mother-child dyad. Both protocols used 2 H 2

1 B 0 to 
measure total body water and were energy expenditure. 
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In the first protocol, doubly labelled water was administered to the child; in the 
second, the doubly labelled water was given to the breast feeding mother while her child 
received a bolus dose of deuterium at the end of the observation period to measure his 
body water. The exponential disappearance of the tracer from the one compartment 
system in protocol one, and from a two compartment system in steady state in protocol 
two, was monitored over a period of 6 days and of 1 5 days respectively. 

The doses were calculated as follows: 

Protocol 1. {dose to the baby): 0.28 g H 2

, 8 0 and 0.1 g 2 H 2 0 /kg body wt of child 

Protocol 2. {dose to the mother): 

a) mother : 0.3 g H 2

1 8 0 and 0.1 2 g 2 H 2 0 /kg estimated body water of 
mother 

b) baby : 0.4 g 2 H 2 0/kg body w t of child 

These doses were calculated to achieve an initial enrichment of body water of 
approximately 500 fold for oxygen and 1000 fold for deuterium in both protocols 1 and 
2. At the end of the study, estimated to correspond to two to three isotopic biological half-
lives, the expected enrichment of subjects' fluids would be about 50 times greater than 
the analytical precision. For protocol 2, the isotopic enrichment of the baby's body water 
depended from his breast milk intake and from the water turnover rate. The administration 
to the baby of a final deuterium dose was calculated to increase his enrichment to 50 ppm 
over the abundance on day 14 of the experiment. 

2.3.3. Plan of Operation for Protocol 1 

Following one baseline day of urine collection, the baby was given (delivered 
by nasogastric tube to the younger children, and orally by means of a small rubber tube 
fitted to a syringe to the older ones) the precise isotopic dose (precision 0.001 g). All 
urines produced over the 2 hours following the dose were collected; thereafter collections 
were performed at 6, 12, 24, 30 and 36 hours from dose administration. Morning urines 
were then collected over the next four days. We have obtained a total of eleven urine 
specimens (inclusive of the baseline one) for each child, with a grandtotal of 31 9 samples 
for the 29 children. 

Body weight, food intake including breast milk, physical activity and health 
conditions of each child were simultaneously assessed by an observer over 6 the experi
mental days. 

Body weight was measured daily over calibrated digital scales to the nearest 20 
grams, first thing in the morning after emptying the bladder. 

All food intake by the child was assessed, accounting for the leftovers, by a 
combination of three different approaches: 1) weighing when the child was given the food 
as individual item or portion, 2) double weighing of the child, when he was eating out of 
a common plate, 3) recording of the number of handfuls of food. 
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Twenty-four hour breast milk intake was measured by double weighing over two 
days, while day-time breast milk intake was measured 4 times by double weighing. 

Minute by minute, records of physical activity of the child were kept by an 
observer, wi th 15 pre-defined categories of activities being noted. The observations were 
carried out for six day-time periods and two night-time periods. 

Any other relevant events occurring over the study period such as vomit, diarrhoea, 
fever, etc, were carefully noted. 

2.3.4. Plan of Operation for Protocol 2 

A. Mother 

After two baseline urine collections and one baseline breast milk collection 
on days -1 and 0, the mother was given orally the precise dose of doubly labelled water 
(precision 0.001 g). Urines obtained over the next two hours were discarded. Urines were 
then collected at 3, 24, and 36 hrs from dose administration, and retained for isotopic 
enrichment analysis. Thereafter, daily collections of morning urines (overnight urines were 
discarded) were performed for other 14 days (i.e. until day 1 6 from dose day). A total of 
18 urine specimens were collected on each woman, for a grandtotal of 180 analyses for 
the whole group. 

Breast milk samples (25 ml) were obtained on baseline day (-1 ), and on days 1 and 
5 from dose-day, for a total of 30 samples. 

Body weight, food intake and breast milk production were recorded over the entire 
study period. Twenty four hours physical activity recorded minute-by-minute by an 
observer over four days. Day-time records (from 7 am to 9 pm) of physical activity were 
kept for further 1 1 days. 

B. Child 

Two baseline overnight urine samples were collected on day -1 and 0. 
Other morning urine samples (not overnight) were collected on days 1 to 14. A deuterium 
dose was administered on the morning of day 14, after voiding bladder and discarding 
urines. Other samples of urines were collected at 2, 4, 6 and 1 2 hours from the deuterium 
dose. A total of 19 urine samples were collected for analysis on each child, giving the 
grand total of 190 samples. 

The body weight, food consumption, breast milk intake , physical activity and 
health conditions were recorded for 15 days (14 hrs/d, from 7arr¡ to 9pm: in total 210 
hrs over 1 5 days) and 4 nights (10 hrs/night, from 9 pm to 7am: in total 40 hrs over 3 
nights) on each child, using methods as described in Protocol 1 . 

3. RESULTS 

The average age of the study children is 9.6 ± 1 . 5 months for the first group, 20.9 
± 0.9 for the second group, and 33.1 ± 1.5 for the third group (Table 3). Their growth 
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performance appears to be typical of a developing country, wi th a marked degree of 
underweight (Weight/Age) and stunting (Height/Age), while wasting (Weight/Height) is 
of a lesser degree. 

The average weight-for-height is in fact close to the NCHS reference population for 
children aged 0-11 months. Values decrease between 16 and 21 months reaching a 
plateau at -1 Z-score. After 21 months the weight-for-height index appears to be stable. 

Out of 36 children aged between 8 and 36 months, 20 have a stature below the 
3rd percentile of the international standards, the groups mean stature being -2.2 Z score. 
This is equivalent to P4 of the standard. Their weight was likewise very low, being for 1 6 
of them less than the 3rd percentile. There is a clearly visible trend towards a worsening 
of the situation wi th advancing age, the older children being barely taller or heavier than 
the younger ones. The same observations also apply to the 10 children (see Table 4) 
investigated jointly with their mothers, for the measurement of breast milk production, 
which confirms that they can be considered representative of all the study group. 

With regard to the growth velocity, children from 13 to 43 months constitute a 
homogeneous group. The mean values are not significantly different, according to one 
way ANOVA. The yearly mean weight velocity was 5 grams per day, reaching 10 grams 
per day in the second part of the year (September to January). This is the harvest season, 
at the end of the rainy season. This velocity slows down to only 2 grams per day during 
February and March, the cool part of the dry season, and between June and August, the 
beginning of the rainy season which corresponds to the traditional food shortage period. 
Height velocity was on average 8 mm per day all over the year. As expected it showed 
its minimum value few months later than the hungry season, reaching 4 mm per day in 
September and October. 

The mothers appeared to be in good nutritional status (mean BMI 22) (see Table 4), 
with quite a wide range of body weights (46 to 92 kg) and BMIs (18 to 32) (see Table 3), 
bearing no relationship to the anthropometric indicators of nutritional status of their child. 

Days of illness per child vary throughout the year, and range from more than 6 days 
per month in February and throughout the rainy season (July to October), to less than 5 
days during the other months of the year. However illness occurrence is not normally 
distributed. Spearman rank correlation coefficient analysis indicates that throughout the 
year anorexia and diarrhoea are inversely correlated to weight increment; there is a 
significant inverse relationship between weight increment and infections [number of days 
of fever), as well as there is a significant inverse correlation between weight increment and 
diarrhoea during the rainy season (July to October). 

Time allocation of all study children is being calculated. The preliminary results 
relative to the first 10 children are presented in Table 5. The values are presented as 
number of hours spent in the various activities and as % of 24 hours. The young age of 
the children justifies the large proportion of time spent in very sedentary activities (about 
four hours seated and about other four hours being held) and in sleeping (for 1 1 hours or 
4 8 % of the day). The children were just beginning to crawl around, and on average 5% 
was spent in this activity. There is a very large variation between children, from barely 10 
minutes per day, to about three hours. It is interesting to note the high proportion of the 
time when the child is held by an adult, mostly the mother: 4.2 hours being held and other 
1.1 hours while breast-feeding, which adds up to more than one f i f th of the day, 
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equivalent to about 5 (2 to 8) hours per day. Such a close symbiosis is again typical of 
early life stages of the African child, at least in those environments where labour demands 
have not yet disrupted the traditional ways of life of the woman. 

Although the theoretical basis of the DLW method is promising for estimating 
energy expenditure in free living individuals, our VG Isogas Aqua-Sira dedicated mass-
spectrometer has proven unreliable and unsuitable for research purposes. The instrument 
displayed random analytical errors in the analyses of deuterium and 1 8oxygen abundance 
in biological fluids (urines and milk). This made the obtained results unreliable, ambiguous 
and unworthy to be presented in a scientific report. Moreover, the serious and repeated 
breakdowns of the instrument produced prohibitive maintenance and repair costs which 
were not rewarded by reliable performance. The National Institute of Nutrition was 
therefore obliged to abandon this approach for measuring the energy turnover. 

4. CONCLUSIONS 

Weight velocity is less than 2 grams per day during February and March and from 
June to August. Annual average weight gain per day is 5.0 grams instead of 5.8 grams 
of the NCHS group. 

As the adults' nutritional status cannot be regarded as a poor nutritional status, the 
relative food shortage which occurs in September and October, cannot explain by itself 
the seasonal differences of weight velocity. We believe that the seasonally different 
pattern or activities of women and the time they have to spend for food procuring and 
preparation may help to explain the trend found in this study. 
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TABLE I. ANTHROPOMETRIC CHARACTERISTICS OF STUDY CHILDREN 

SEX AGE HEIGHT WEIGHT HEIGHT/AGE WEIGHT/AGE WEIGHT/HEIGHT 

months cm kg (a) (b) le) (a) (b) (c) (a) ib) <c) 

F 8 65 7.2 -1.5 7 94 -1.0 15 88 0.3 62 103 
M 8 67 8.3 -1.5 7 94 -0.5 31 95 0.8 76 108 
F 8 65 9.3 -1.5 7 94 1.2 88 114 3.2 100 133 
M 9 64 7.3 -3.2 0.1 88 -1.9 3 80 0.6 74 107 
M 9 67 7.7 -2.0 2 93 -1.5 6 84 0.1 50 100 
M 10 65 7.2 -3.3 0.1 88 -2.4 0.9 75 0.1 55 101 
M 11 71 9.2 -1.5 7 95 -0.7 25 93 0.5 67 104 
M 11 66 6.8 -3.3 û 88 -3.1 0.1 69 -0.9 20 92 
F 12 71 7.2 -1.2 12 96 -2.2 1 76 -1.8 4 83 

M 19 75 10.6 -2.7 0.4 90 -0.9 19 90 0.9 81 108 
M 20 72 8.0 -3.9 0.0 85 -3.1 0.1 68 -1.4 8 88 
F 21 79 9.7 -1.5 7 94 -1.4 8 85 -0.8 21 93 
M 21 80 11.4 -1.6 6 94 -0.5 31 95 0.5 69 104 
F 21 77 8.5 -2.1 2 92 -2,4 0.9 75 -1.8 4 85 
F 21 81 9.3 -0.9 19 96 -1.7 4 82 -1.7 5 86 
M 21 77 8.7 -2.5 0.6 91 -2.7 0.4 72 -1.9 3 85 
M 21 76 9.9 -2.8 0.2 89 -1.7 5 82 -0.2 43 99 
F 22 79 9.3 -1.8 4 93 -1.9 3 81 -1.3 10 89 
M 22 80 9.7 -1.8 3 93 -2.0 2 79 -1.4 8 89 

M 31 79 9.6 -3.4 0.0 87 -2.9 0.2 70 -1.2 12 89 
F 32 80 9.4 -3.1 0.1 88 -2.9 0.2 70 -1.3 9 87 
F 32 88 11.3 -0.8 20 97 -1.5 7 84 -1.1 14 91 
F 32 87 13.5 -1.1 13 96 0.1 52 101 0.9 81 110 
F 33 84 11.3 -2.1 2 92 -1.6 5 84 -0.3 38 97 
F 33 84 10.4 -2.1 2 92 -2.3 1 76 -1.2 12 89 
F 34 85 10.4 -2.1 2 92 -2.4 1 76 -1.3 9 88 
M 34 88 11.5 -1.5 7 94 -1.8 4 81 -1.2 13 90 
M 34 81 9.4 -3.4 0 87 -3.2 0.1 66 -1.8 4 84 
F 36 83 10.8 -2.9 0.2 88 -2.2 1 77 -0.6 28 95 
M 34 81 9.4 -3.4 0.0 87 -3.2 0.1 66 -1.8 4 84 
F 36 83 10.8 -2.9 0.2 88 -2.2 1 77 -0.6 28 95 

(a) Z score; (b) Percentile; (c) % of standard 



TABLE II. ANTHROPOMETRIC CHARACTERISTICS OF STUDY CHILDREN 

SEX AGE HEIGHT WEIGHT HEIGHT/AGE WEIGHT/AGE WEIGHT/HEIGHT 

months cm kg (a, (b) (c) (a) (b) (c) (a) (b) (c) 

Children 

F 8 - 8.7 - - 0.6 71 107 - - -
e 9 - 8.0 - - -0.6 28 95 - - -
M 9 70 7.7 -0.9 18.9 97 -1.5 6 84 -1.1 13 90 
M 9 67 7.6 -2.0 2.2 93 -1.6 5 83 -0.1 45 99 
M 9 69 7.2 -1.3 10.4 95 -2.0 2 78 -1.4 8 87 
F 12 72 10.1 -0.8 20.8 97 0.6 71 106 1.5 94 114 
M 13 69 7.5 -3.0 0.1 89 -2.8 0.3 72 -1.0 15 91 
F 16 72 8.3 -2.3 1.1 91 -1.9 3 79 -0.7 23 93 
F 17 72 7.4 -2.6 0.5 90 -2.8 0.3 70 -1.8 3 83 

SEX AGE HEIGHT WEIGHT BMI 

years cm kg kg/sqm 

Mothers 

F 30 153 54.7 23 
F 21 163 59.9 23 
F 21 161 52.9 21 
F 30 169 91.8 32 
F 18 158 45.8 19 
F 30 170 74.0 26 
F 30 162 48.6 19 
F 27 169 58.0 20 
F 18 160 45.5 18 
F 17 155 46.1 20 

(a) Z score; (b) Percentile; (c) % of standard 
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TABLE III. SUMMARY TABLE OF ANTHROPOMETRIC CHARACTERISTICS OF 
STUDY CHILDREN 

SEX AGE HEIGHT WEIGHT HEIGHT/AGE WEIGHT/AGE WEIGHT/HEIGHT 

months cm kg (a) (b) (c) (a} (b) |c) (a) (b) |c) 

GROUP 1 

MEAN 9.6 67.0 7.8 -2.1 4 92 -1.4 19 86 0.3 57 104 
SD 1.5 3 0.9 0.9 4 3 1.3 28 14 1.3 29 14 

GROUP 2 

MEAN 20.9 78.0 9.5 -2.2 4 92 -1.8 7 81 -0.91 25 93 
SD 0.9 2.8 1.0 0.9 6 3 0.8 10 8 1.0 29 8 

GROUP 3 

MEAN 33.1 84.0 10.7 -2.3 5 91 -2.1 7 78 -0.9 22 92 
SD 1.5 3.2 1.2 0.9 7 4 0.9 16 10 0.8 23 7 

TOTAL 

MEAN 21.2 76.0 9.4 -2.2 4 92 -1.7 11 82 -0.5 35 96 

(a) Z score; (b) Percentile; (c) % of standard 
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TABLE IV. SUMMARY OF ANTHROPOMETRIC CHARACTERISTICS OF 
STUDY CHILDREN 

SEX AGE HEIGHT WEIGHT HEIGHT/AGE WEIGHT/AGE WEIGHT/HEIGHT 

months cm kg (a) jh) (c) [a) lb) (c) la) lb) (c) 

Children 

MEAN 11.3 70 8.1 -1.8 8 93 -1.4 21 86 -0.7 29 94 

SD 3.4 1.9 0.9 0.9 9 3 1.3 30 14 1 32 10 

SEX AGE HEIGHT WEIGHT BMI 

years cm kg kg/sqm 

Mothers 

MEAN 24.2 162 57.83 22.1 

SD 5.7 5.9 14.8 4.2 

(a) Z score; (b) Percentile; {c( % of standard 

TABLE V. PHYSICAL ACTIVITY OF SENEGAL CHILDREN: TIME-USE OVER 24 HOURS 

SUBJECTS 1 2 3 4 5 6 7 8 9 10 Mean (SD) % Time 

Activities: minutes hours 

Sleep & Lying 687 712 749 706 700 772 525 702 784 645 11.4 (1.2) 48 

Sitting 247 274 408 328 186 224 268 348 254 287 4.4 (1.1) 20 

Being held 396 220 191 164 401 289 87 228 270 343 4.2 (1.7) 18 

Breastfeeding 65 73 18 70 56 50 42 86 110 100 1.1 (0.5) 5 

Crawling/walking 17 159 47 16 76 87 182 52 13 44 1.1 (1.0) 5 

Other 29 2 28 156 20 17 353 24 9 21 1.1 (1.8) 5 


