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Abstract 

Objective Nutritional status is an important marker of overall health and linear growth retardation 

has serious long-term physiological and economic consequences. Approximately 40% and 35% 

of pre-school children in sub-Saharan Africa are stunted and underweight, respectively. There is 

relatively little information available about the nutritional status in adolescents, the age group 

with the highest growth velocity after infancy. We conducted a series of three cross-sectional 

survey to determine the prevalence and main risk groups for malnutrition in adolescent school

girls in western Kenya. 

Design Three cross-sectional surveys; one in Mumias, using random sampling in all schools, 

and two surveys in Asembo, using a multi-stage random sample design. 

Setting Public primary schools in two different rural malaria endemic areas in western Kenya 

with high levels of malnutrition in preschool children. 

Sufc>/ects928 randomly selected adolescent schoolgirls aged 12-18 years. 

Results Overall prevalence of stunting and thinness was 12 .1% and 15.6%, respectively. 2% Of 

girls were severely stunted. Menarche and start of puberty were delayed by approximately 

1.5-2 years compared to a US reference population. The prevalence of stunting and thinness 

decreased with age and mean height for age z-scores converged towards the median of the US 

reference curve. Girls who had not yet started menstruating were more likely to be stunted 

than the girls of the same age who were post-menarche. Parasitic infections (malaria and intes

tinal helminths) and socio-economic status were not associated with poor nutritional status. 

Conclusions Stunting and thinness are common in young adolescent schoolgirls in these poor 

rural settings in western Kenya, but the prevalence decreases with age, providing observational 

support that children catch up on incomplete growth attained earlier in life due to a matura-

tional delay of 1.5-2 years allowing prolonged growth. 



Introduction 

Malnutrition is a prevailing health care problem in the developing world, especially in South-

East Asia and sub-Saharan Africa.' Most studies of malnutrition in sub-Saharan Africa have 

focused on children <5 years of age; The fourth report on the world nutrition situation showed 

that the global scope of malnutrition is still unacceptably high and progress in most regions to 

reduce it is slow.2 In eastern Africa, 48.1 and 35.9% of the under-fives were estimated to be 

stunted and underweight respectively.' There is relatively little nutritional information available 

from adolescents, the age group with the highest growth velocity after infancy. Studies of 

Ghanaian andTanzanian schoolchildren aged 7 to 18 years report 40 to 60% of girls to be 

stunted and 30 to 40% to be underweight.4 '5 Although, results were not presented separately 

for adolescents, studies including older adolescents show a trend towards higher height and 

weight-for-age z-scores with increasing age. Studies looking specifically at adolescent girls from 

the general population suggested a wide range oflinear growth retardation ranging from 10 

to 47%, again with more stunting in the youngest age groups.6 '7 

Adolescence is the last time window of opportunity to implement strategies to correct any 

growth deficits, and knowledge of the main risk factors and risk groups is required to design 

and target appropriate interventions. It is estimated that at least 25% of adolescent girls in the 

developing world have their first child by the age of 19.8Teenage pregnancies, where girls 

haven't reached their full growth potential, have been associated with an increased risk of ob

structed labour due to cephalo-pelvic disproportion (CPD), which in turn is associated with 

an increased risk of peripartum and maternal mortality.9 Adolescent mothers also have an in

creased risk of severe anemia, preterm delivery, still birth, and neonatal death, due to the com

peting nutritional requirements of the developing fetus and growing mother.10 12 However, 

little is known about the determinants of adolescent nutritional status, and the precise mecha

nisms by which it is linked to other health and social outcomes.13 

The major part oflinear growth retardation occurs in early childhood, though there is evi

dence that children continue to grow at a slower rate during the school-age years and continue-

to diverge from reference populations.4-1415 Whether stunted children have the potential to 

catch up on linear growth is debated.16 In situations where menarche is delayed long enough 

to allow for a prolonged period of growth, compensatory growth is possible, as was seen in 

two recent longitudinal studies from rural Africa.717 However, in most developing countries, 

the period of maturational delav mav not be long enough to allow full compensatory growth, 

especially in situations where living conditions remain unchanged compared to that in early 

childhood.16There is some evidence from controlled trials in Nigeria that micro-nutrient sup

plementation positively effects linear growth in deficient adolescent girls.18 

The aim of this observational study is to add to the limited available information on the 

nutritional status of adolescents in the developing world. We describe the results of a series of 
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cross-sectional surveys that aimed to determine the prevalence of malnutrition in adolescent 

schoolgirls in two study sites in western Kenya with different malaria endemicity and degrees of 

malnutrition. We also describe the associations between age, sexual maturation and nutritional 

status during adolescence, and its relationship with parasitic infections (e.g. malaria & intestinal 

parasites) and socio-economic status. 

Methods and Materials 

Study Area and Population 

This study was conducted at public primarv schools in two different areas of western Kenya; 

Mumias, and Asembo. Mumias (Mumias Division, Kakamega District, Western Province) is one 

of the most densely populated areas in Kenya and predominantly rural. The predominant ethnic 

group in the area are the Luhya. Sugarcane is the main cash crop, and has replaced previously 

grown food crops as maize, beans and cooking bananas. The main rainy seasons are from April 

to June and from October to November. Malaria transmission is low but perennial with the 

highest transmission in the rainy seasons.19 Malaria is by far the most common diagnosis and 

cause of death in adults and children admitted to St Mary's Hospital, the local mission hospital.20 

Infant and under-five mortality rates are 41/1000 and 53/1000, respectively, and the prevalence 

of malnutrition as assessed bv amid-upper-arm circumference of <11 cm in children 12—23 

months old is ~35%. 2 1 

The Asembo study was conducted in Rarieda Division (Asembo), Bondo District, located on 

the shores of Lake Victoria in Nvanza Province, western Kenya. The study site and the resident 

population have been described in detail elsewhere.22 '25 Briefly, Asembo comprises an area of 

200km2 with a widely dispersed culturally homogeneous population (predominantly Luo) of 

approximately 55,000 people.The main occupation (74%) is in cultivation (maize, sorghum, 

cassava, millet, or vegetables) and limited animal husbandry.The rainfall pattern is bimodal, 

with the long rains falling between March and May, and the short rains from October to 

December, though in 1998 there was less rainfall than usual throughout the year and virtually 

no rain in February 1999. Perennial malaria transmission occurs, since some rain falls in each 

month,.24 Inlant and under-five mortality are considerably higher than in other parts of Kenya 

(176/1000 and 2 7 5 / 1 0 0 0 ) . " Between 60-90% of the children under five years are anaemic at 

any time (Hb <11 g/dl) . 2 6 and 30% and 20% are stunted or underweight.27 No data are available 

of the nutritional status in adolescents. 

There are 58 primary schools in Asembo. Primary school starts at the age of five years and 

teaches children from standard 1 through to standard 8.Tuition is charged each trimester and 

parents decide when their child will start school. Until recently, some parents have waited for 

their child to reach the age of seven before sending them to school. If children fail exams or 



families are unable to pay tuition, they may repeat years, such that some children remain in pri

mary school up to the age of 18.28 

Asembo was also the site of a large community-based group randomized controlled study on 

the effect of Insecticide Treated bed net (ITBNs) on under-five mortality.23 Half of 79 yillages 

were randomly assigned to the intervention group and each household in diese villages received 

permethrin treated bed nets (ITNs) during die 4th quarter of 1996. 

Study Design 

Three cross-sectional surveys were conducted. The first survey (Mumias) was conducted be

tween November 1997 (first part of the dry season) and March 1998 (beginning of rain season). 

Two additional surveys were conducted in Asembo October-November 1998 (tail end of the 

short rains) and in February-March 1999 (end of the dry season just before the long rains). 

In Mumias all 6 public non-boarding primary schools within an approximate 10 km radius of 

the town were included in the survey. In each school SO girls aged 12-16 years were randomly 

selected from the existing register. If girls were absent or consent could not be obtained the 

next girl on the list was selected until the proposed number of participants was reached. 

In Asembo a multi-stage random sample design was used, with primary schools as the first 

stage unit and schoolgirls as the second stage unit.29 Prior to randomisation, information on the 

number and size of schools in the study area was obtained from the district education authority 

and entered into a computerized database. Information on the longitude and latitude of each 

school was added to the database using mapping data, obtained using global positioning system 

(GPS) hardware and geographic information system (ATLAS-GIS).30 Schools were selected by 

random sampling proportional to size, ranked by geographical location to allow for equal distri

bution of the schools over the study area.31 Thirty girls aged 12-18 years were then randomly 

selected from 28 school units (N = 840) using the computerized list. Schools with less than 30 

girls in the relevant age category were joined with the closest neighbouring school to form one 

school unit. 

Procedures 

Clinical history, Demographic and Socio-economic data 

Each study participant was interviewed by a study nurse using a standardized questionnaire, 

which included questions on demographics (villages or residence, age, date of birth, school 

form/standard, and ITN use [Asembo surveys only]), morbidity in the month prior to survey 

(history of recent febrile and non-febrile illnesses, history of night blindness, menstrual history 

and age at menarche [recall], history of recent medication use including traditional medicine, 

geophagia, iron, folic acid, anti-malarials etc.). An age-for-grade score was calculated by taking 

the age and subtracting the expected age for being in the class the schoolgirl was in, to give an 

indication of late enrolment or a delay in progression through school. Socio-economic and 
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educational status of caretakers was also collected as part of the last Asembo survey. The choice 

of indicators for the assessment of the household socio-economic indicators was based on a 

previous study conducted as part of the ITBN project.32 

Anthropometrics and Clinical data 

A basic clinical examination was performed by one of the female study nurses, including; 

measurements of height, weight, mid upper arm circumferences, skinfold thickness according 

to standard W H O procedures.33 and assessment of the axillary temperature, auscultation of 

the lungs, and assessment of the modified Tanner score (breast development only).34 Having 

entered puberty, pubarche, was defined as having breast development stage B2 or more. 

Weight was measured to the nearest 0.1 kg on a battery powered digital scale (Seca, Inc, 

Columbia, MD) and heights to the nearest 0.1 cm using a wooden length-measuring board 

with sliding head bar.33 Mid-upper-arm-circumference (MUAC) was measured using specialised 

non-stretchable measuring tapes (Zcrfuss insertional tapes, Ross ltd, USA). Skinfold thickness 

was measured to the nearest 0.2 mm using a skin caliper (Holtan, Ltd, Crymych, UK). All 

measurements were taken twice and the average computed. 

Age was calculated from the reported date of birth given after verification against school 

records. If the day of birth was unknown (40%), thelSth day of the month was used. If month 

ot birth was unknown (31%), the midpoint of the year of birth was taken as date of birth. 

Body mass index (BMI) was calculated as weight/height and thinness defined as BMI-for-age 

below the Sth percentile for that age using the NHANES I reference population.35The new CDC 

(2000) reference population was used to obtain BMI-for-age z-scores.36 Height-for-age and 

weight-forage z-scores were obtained using the 1978 C D C / W H O normalized version of the 

1977 NCHS reference curves.37 Stunting and severe stunting were defined as height-for-age 

Z-scores less than -2 and - 3 standard deviations below the median of this reference population 

respectively.35The EpiNut program in Epiinfo2000 tm was used to calculate all z-scores. 

NHANES I reference data was used for determining skinfold thickness for age <Sth percentile.38 

Arm fat index, a summary measure of body composition, was calculated as the ratio between 

upper arm fat area and total upper arm area, derived from MUAC and triceps skinfold measure

ments, as described by Friscancho.39 

Laboratory methods 

A finger-prick blood sample was drawn (500-7S0 uL) for determination of haemoglobin con

centrations and malaria parasitaemia. Hb was measured in the field with a battery-powered 

hemoglobinometer (HaemoCue AB, Angelholm, Sweden). In the two Asembo surveys, haemo

globin was also determined by Coulter Counter (Model ACT 10, Coulter Co, Florida, USA) 

and these were used for the analysis, unless they were missing, in which case the Haemocue 

reading was used (in 1.2%). 



Thick blood smears were stained with Giemsa and examined for malaria parasites, counted 

per 300 leukocytes. Parasite densities are expressed per mm' of blood, assuming a leukocyte 

count of 8,000 per mm3. High density malaria parasitemia was defined as parasitemia >500 

parasites/mm', the previously estimated fever threshold for 10-14 year-olds from the same 

study area in Asembo.26 All study participants in both Asembo surveys, were asked to bring 

fresh (<24 hours old) stool and urine samples to be examined for the presence of occult blood, 

geohelminths (hookworm, Ascaris lumbricoides,Trichuris trichiura and Strongyloides stercoralis) 

and Schistosoma mansoni. Samples were stored at 4°C and processed the day after collection. 

Stool was microscopically examined by concentration using a modification of the formol-ether 

and ethvl acetate techniques and by Kato-Katz methods.40 '42 High density hookworm and schis

tosomiasis infections were defined as an egg-count >2000/gr of stool or >400/gr of stool, re

spectively. Urine was examined using a filtration based concentration method.43 

Anemia and severe anemia were defined as haemoglobin concentrations <120 g / L and 

70 g /L, respectively. Malaria parasitaemia was defined as the presence of asexual stage parasites 

(any species) in thick smears. High density parasitemia was defined as >500 parasites/mm'. 

Symptomatic malaria was defined as malaria parasitemia with documented fever (axillary 

temperature a37.5°C). 

Girls found to be anaemic on site using the Haemocue system received ferrous sulphate 

tablets. All girls with a documented fever were given presumptive treatment with sulphadoxine-

pvrimethamine. Antibiotics were prescribed where indicated. Children with evidence of hel

minth infections or schistosomiasis were revisited and treated with albendazol and praziquantel 

respectively. 

Statistical analysis 

Data were Analyzed using SAS (the SAS system for Windows, version 8.01, SAS Ine), 

Epilnfo2000 (Centers for Disease Control and Prevention, Atlanta, USA) and SUDAAN soft

ware (SAS callable version, release 7.S.6, Research Triangle Institute). Variance estimates took 

into account the correlation among observations taken from the same school (cluster-unit). 

The design specification in SUDAAN was with replacement. To maintain the assumption of an 

equal probability sample, data from Asembo was weighted to obtain clusters of equal size to 

adjust for non-responders." Because the study design of the Mumias survey was not propor

tional to size, its analysis was weighted by school-size. Differences between proportions were 

compared bv the X2 test. Normally distributed continuous data were compared by the Student's 

t-test. Data not conforming to a normal distribution were compared by the Wilcoxon-Mann-

Whitnev U test and the Kruskal-Wallis one-way analysis of variance. Correlations were assessed 

by Pearson's or Spearman's rho where appropriate. A multivariate logistic regression model 

(proc logistic in SUDAAN) was used to explore determinants of thinness and stunting. Median 

age at menarche and pubarche, and their 95% fudicial limits were estimated with status quo 
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data using probit analysis in SAS, assuming a normal distribution.35 '44Two sided P-values <0.05 

were considered statistically significant. 

Ethical Clearance and Informed Consent 

The school-based studies were approved by the ethical committee of the Kenya Medical Research 

Institute (KEMRI) and the Academic Medical Centre, University of Amsterdam. Parents-teachers 

meetings were held in each school prior to the survey to create awareness of the planned study. 

Written consent was obtained from the parent-teacher association of each school and from the 

individual student and her parents. 

Results 

In Mumias, 300 girls were enrolled. Ten were subsequently excluded because, further analysis 

using date of birth revealed they were less than 12 years of age, despite the reported age. In the 

two Asembo surveys, of the 840 girls randomised, 669 (79.6%) were enrolled. The remaining 

had moved out of the study area or were absent on the day of survey (N = 55), or consent was 

not given or could not be obtained (N = 116). A further 21 were younger than 12 years of age 

and were excluded. Thus 938 girls contributed to the final data set, including 290 from Mumias 

and 648 from Asembo. Their characteristics are given in Table 1. 

All girls knew their year of birth, but almost a third of the girls did not know their month 

of birth and age was approximated as described in the methods. Observed standard deviations 

for height-for-age and weight-for-age z-score distributions were 1.14 and 1.17 respectively, 

indicating that the quality of the data was good.35 

Prevalence of thinness and stunting and age at menarche 

Overall 15.6% had a BMI <5th percentile for their age; 18.3% in Asembo and 7.8% in Mumias. 

Overall 12 .1% and 2.0% were stunted and severely stunted respectively; 10.8% and 1.6% in 

Asembo and 15.6% and 3.4% in Mumias. In total, 36 girls (3.9%) were classified as being both 

thin and stunted. Mean height-for-age z-scores are presented in table 1 and the crude non-age 

standardized anthropometric measures in table 2. No differences in thinness and stunting were 

seen between the two Asembo surveys, conducted in different seasons with different food avail

ability and malaria transmission (Table l ) .The prevalence of thinness was appreciably higher in 

Asembo than in Mumias; odds ratio 2.67 (1.83, 3.88).This is explained by the significantly 

higher mean height-for-age z-score in Asembo with a similar mean weight-for-agc z-score to 

that of Mumias. Prevalence of stunting in Mumias was higher than in Asembo; odds ratio 1.52 

(0.84, 2.74). Only 5 girls (0.6%) (4 in Asembo [0.7%] and 1 in Mumias [0.3%]) had a BMI 

2:85th percentile for their age and were classified as overweight. In Asembo, median age at 



Table 1 

Demograph ic and n u t r i t i o n a l characterist ics of 9 3 8 adolescent schoolgir ls f r o m weste rn Kenya-

( Asembo It 

1 Significant difference between Mumias and both Asembo surveys (P < 0.05) 

2 Significant difference between all surveys (P < 0.05) 

3 Significant difference between Mumias and Asembo-2 and Asembo-1 and Asemnbo-2 (P < 0.05) 

4 NHANES f reference d a t a » » 

5 Normalised NCHS (1977) reference data (< 1 8 y r s o n l y ) " 

6 NHANES I reference data (< 18 yrs only}3 8 

Number of study participants 

Age; median (interQ range) 

Menstruating; No. (%) 

Median Age at Menarche; 

median (95% fiducial limits) 

Median Age at start of puberty (B2); 

median (95% fiducial limits) 

Hb ing /L ;mean(95%CI ) 

H b < 1 2 0 g / L ; N o . (%) 

Maturity rating (breast development); 

median (interQ range) 

BMI-for-Age < 5th percentile; No. (%)' 

Height-for-Age Z-score; 

mean (95% CI) ' 

Height-for-Age Z-score < -2SO; No. (%) 

Height-for-Age Z-score < -35D; No. (%) 

Thin and Stunted; No. (%) 

Weight-for-Age Z-score; 

mean (95% CI) ' 

Weight-for-Age Z-score < -2SD; No. (%) 

Weight-for-Age Z-score < -3SD; No. (%) 

Triceps Skinfold Thickness for age 

< 5th percentile; No. (%)* 

(Nov'97, Mar'98) (Oct-Nov '98) 

290 

13.7 

(13.0,14.7)' 

91 (322) 

14.6 

(14.4, 14.9) 

11.7 

(10.4,12.3) 

13.1 

(13.0,13.2)' 

4 5 ( 1 6 3 ) ' 

3 (2, 3) 

22(7.8) ' 

-0.95 

(-1.15,-0.75)' 

45(15.6) 

10(3.4) 

12(43) 

-1.00 

(-1.08,-0.91) 

26 (8.8) 

0 

40 (14.8) 

312 

14.3 

(13.3, 15.4) 

101 (32.3) 

15.1 

(14.9,15.3) 

12.4 

(11.8,12.7) 

13.5 

(13.2, 13.8) 

32(11.5) 

3(2,4) 

60(19.0) 

-0.68 

(-0.80, -0.55) 

32(10.9) 

3(1.2) 

8(2.6) 

-1.02 

(-1.12,-0.92) 

28 (8.9) 

1(03) 

NA 

(Feb-Mar '99) 

336 

14.2 

(13.0,15.2) 

110(32.4) 

15.0 

(14.9,15.2) 

12.2 

( I t .7,12.5) 

12.4 

(12.2,12.5) 

103(30.2) 

3 (2, 4) 

57(17.7) 

-0.75 

(-0.87, -0.62) 

37 (10.8! 

7 (2.0) 

16(4.9) 

-1.09 

(-1.17,-1.01) 

32 (9.7) 

1 (0.3) 

37 (10.8) 

Overall 

648 

14.2 

(13.2,15.3) 

211 (323) 

15.1 

(14.9,15.2) 

12.2 

(11.8,12.5) 

12.9 

(12.7,13.2) 

135(21.1) 

3(2 ,4) 

117(183) 

-0.71 

(-0.80, -0.62) 

69 (10.8) 

10(1.6) 

24(3.8) 

-1.05 

(-1.12,-0.99) 

60 (8.9) 

2 (0.3) 

37(10.8) 

938 

14.1 

(13.1,15.1) 

302 (32.2) 

15.0 

(14.9,15.1) 

12.1 

(11.7,12.3) 

13.0 

(12.8,13.2) 

,80(19.9, 

3(2,4) 

139(15.6) 

-0.77 

(-0.86, -0.68) 

114(12.1) 

20 (2.0) 

36(3.9) 

-1.04 

(-1.09,-0.99) 

86(9.2) 

2(2.1) 

77(12.4) 
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menarche was 15.1 vears (95% fiducial limits; 14.9 — 1 5.2), and median age at the start of 

puberty (breast development stage B2) 12.2 years (95% fiducial limits; 11.8— 12.5). 

Maturational delay in Mumias was 5 months shorter. Overall, only 26 girls (2.8%) were in the 

correct class for their age according to the governments criteria from the Ministry of Education. 

Median age-tor-grade score, calculated by subtracting official age for that grade from current 

age, was 4 (interquartile range: 3-5), suggesting either a high frequency of late enrolment in 

school, a high frequencv of repeating school years or both.4 ' 

Table 2 

Anthropomet r i c m e a s u r e m e n t s 

Age N 

<yrs) 

12 214 

13 250 

14 228 

15 157 

16 74 

:J " 

17+18 15 

Height (cm) 

147.3 

(146.0,148.6) 

151.6 

(150.4, 152.7) 

156.7 

(155.7, 157.7) 

160.4 

(159.4,161.3) 

160.7 

(159.3,162.1) 

162.2 

(159.6,164.8) 

of 9 3 8 adolescents schoolgir ls f r o m western Kenya, s t ra t i f i ed by a g e . 

W e i g h t (kg) 

35.4 

(34.4, 36.3) 

38.9 

(37.8,40.0) 

43.8 

(42.5,45.0) 

47.5 

(46.3,48.7) 

51.7 

(50.4,53.0) 

56.4 

(54.0, 58.9) 

BMI ( k g / m ' ) 

16.2 

(16.0,16.5) 

16.9 

(16.6,17.2) 

17.8 

(17.4,18.2) 

18.5 

(18.1,18.9) 

20.0 

(19.5,20.5) 

21.4 

(20.6,22.3) 

MUAC ( c m ) ' 

20.5 

(20.2,20.8) 

21.1 

(20.7,21.6) 

22.5 

(22.2,22.9) 

23.4 

(23.0, 23.8) 

25.3 

(24.8, 25.9) 

26.4 

(25.4, 27.3) 

Triceps sk in fo ld 

th ickness ( m m ) ' 

9.8 

(8.2,11.4) 

11.1 

(9.0, 13.3) 

11.0 

(9.4,12.5) 

12.6 

(10.8,14.4) 

15.2 

(12.5,17.9) 

16.3 

(12.7,19.9) 

Arm Fat 

i n d e x 

25.7 

(23.8,27.5) 

26.5 

(25.2, 27.8) 

26.2 

(25.2,17.1) 

28.2 

(26.6, 29.8) 

30.9 

(293,32.3) 

32.0 

(31.4,32.6) 

• : , - • • ••• 

• 

1 Mean (95% CI) 

2 Mid upperarm circumference only available from Asembo surveys 

3 Skinfold measurement only available from Mumias and Asembo-2 survey 

History of recent illness and anemia 

Girls classified as thin were less likelv than girls with normal BMI for age to report illness or to 

have used conventional medicine in the month prior to survey, but were just as likely to have 

used traditional medicine (Table 3). Stunted girls were more likely to report illness and to have 

used conventional or traditional medicine in the month prior to survey (Table 3). Soil eating 

was not associated with thinness or stunting (Tables 3). 

No statistically significant differences in prevalence of anemia or mean hemoglobin concen

trations were seen between stunted and non-stunted girls, or between girls classified as thin and 

girls with normal BMI (Table 3). 



Table 3 

Factors associated with thinness and stunting in 938 adolescent schoolgirls from western Kenya. 

Thin itsMi for age < sth percentile} Stunted (Height for age z-score <c -2sd) 

N(%) 

. ... 

Odds ratio 

i 95% CI) 

Saciodemographk factors 

Cross-sectional survey 

i Mumias 
1 

1 Asembo 1 

Asembo 2 

A g e (years} 

12 

' 3 

14 

; '5 

Ï 1 6 

1 

2 

3 

4 

5 

22/290 (7.8) 

60/312(19.0) 

57/335(17.7) 

45/214(20.8) 

42/249(192) 

34/228(15.9) 

15/157(10.1) 

3/89 (3.0) 

53/149 (36.4) 

45/233(21.8) 

28/305 (9 J ) 

10/132(7.9) 

1/114(0.8) 

0.39 (0.28, 056) 

1.09(0.63,1.88) 

reference 

reference 

0.95(0.52,1.73) 

0.72(0.36,1.43) 

0.38(0.18,0.82) 

0.10(0.02,0.44) 

»t} v 

reference 

0.59(0.32,1.08) 

0.20(0.12,0.32) 

0.14(0.05,0.35) 

0.01 (0.00,0.10) 

45/290(15.6) 

32/310(10.9) 

37/334(10.8) 

50/214(22.8) 

44/249(17.8) 

13/228(6.3) 

6/157 (3.5) 

1/86(1.0) 

52/149(33.5) 

41/233(18.1) 

19/305 (65) 

0/132(0) 

1/111 ( 0 * 

1.52(0.80,2.90) 

1.00(0.53,1.90) 

reference 

reference 

0.72 (0.44, 1.19) 

0.22(0.10,0.51) 

0.13(0.04,0.37) 

0.03 (0.00, 0.29) 

reference 

0.41 (0.22,0.75) 

0.13(0.07,0.24) 

— 
0.02(0.00,0.11) 

: M e n s t r u a t i o n 

Pre-menarche 

Post-menarche 

126/625(21.2) 

12/302 (4.0) 

reference 

0.15(0.07,0.30) 

105/625(16.6) 

5/299(1.7) 

reference 

0.09 (0.03,0.25) 

Parenta l s c h o o l i n g 4 - / • ; . ; ! 

<20th percentile 

5:20th percentile 

10/75(14.0) 

47/260(18.8) 

0.70(0.38, 1.32) 

reference 

8/75(10.5) 

29/259(10.9) 

0.95(0.36,2.51) 

reference 

W e a l t h i n d e x * 

<20th percentile 

>20th percentile 

i l l p rev ious m o n t h i 

No 

Yes 

12/64(18.6) 

45/271 (17.5) 

1.08(0.54,2.17) 

reference 

6/64 (8.9) 

31/270(113) 

History o f recent i l lness a n d m e d i c a t i o n use 

60/314(19.9) 

79/623(13.4) 

Used c o n v e n t i o n a l med ica t ion 

No 

Yes 

64/332(20.1) 

71/582(13.0) 

reference 

0.64 (0.49,0.83) 

reference 

0.58 (0.42,0.80) 

33/313(10.1) 

81/621 (13.1) 

34/330(10.1) 

71/581 (12.4) 

0.76(0.19,3.06) 

reference 

HI IB 
reference 

132(0.94,1.84) 

WÊÊÊÊÊ 
reference 

1.27(0.85,1.90) 
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Table 3 (continued) 

Factors associated with thinness and stunting in 938 adolescent schoolgirls from western Kenya. 

Thin (BMI for age < 5th percentile) 

N!%) Odds ratio 

(95% CI) 

Stunted (Height for age z-score < -2sd) 

N (%) Odds ratio 

(95% CI) 

Used traditional medicine 

No 

Yes 

91/624(15.0) 

48/311 (17.0) 

reference 

1.02(0.68,1.53) 

68/621 (10.4) 

46/311 (15.4) 

reference 

1.74(1.15,2.61) 

Geophagia . 1 

No 

Yes 

• • B H 

Anaemia 

Hb<120g/L 

Hb>120g/L 

100/693(14.9) 

39/243(17.8) 

reference 

1.24(0.75,2.04) 

Laboratory results 

23/179(133) 

110/742(15.6) 

0.78(0.44,139) 

reference 

94/690(13.4) 

20/243 (8.2) 

i;:i!:!hlhi;iiiii±:i;:ïil.::<ri:: • • 

24/178(13.3) 

85/740(113) 

reference 

0.58(033,1.00) 

•fi.
::-"f:"' v-T; ; 

1.23(0.66,2.29) 

reference 

1 1 ] 

Sickle cell trait 

HbAA 

HbAS 

: 33/192(17.4) 

12/59(22.3) 

reference 

136(0.59,3.14) 

19/191 (10.0) 

9/59(14.2) 

reference 

1.48(0.76,2.91) 

Insecticide treated bed nets 

No 

Yes 

54/305 (183) 

63/341 (18.4) 

reference 

1.02(0.64, 1.61) 

30/303 (10.0) 

39/340 (11.6) 

• reference 

1.19(0.66,2.13) 

Malaria parasitaemia 

No 

<500 p/mm' 

>500 p/mm3 

Symptomatic m a l a * 

No 

Yes 

83/654 (13.4) 

29/163(17.7) 

15/43 (37.6) 

' 

126/849(15.6) 

1/11 (10.3) 

reference 

130(0.81,2.10) 

3.40(1.68,6.86) 

reference 

0.59(0.08,4.53) 

71/652(10.8) 

23/162(13.6) 

7/43(16.4) 

HI. 
98/846(114) 

3/11 (28.4) 

reference 

1.38(0.71,2.71) 

1.86(0.89,3.86} 

reference 

| 3.08(0.79,12.03) 

: ' • 

Any worm infection 

, No 

i Yes 

Hookworm 

! No 

: Mild 

Schistosoma manson 

No 

Mild 

Heavy 

48/287(16.7) 

47/252 (18.7) 

85/464(183) 

10/75 (13.0) 

i 

83/477 (174) 

12/56(21.3) 

0/6 (0) 

reference 

1.14(0.63,2.05) 

reference 

0.66(0.32,1.35) 

reference 

1.24(0.62,2.52) 

... 

26/285 (9.2) 

33/252(13.2) 

48/462(10.4) 

11/75(15.3) 

47/475(10.0) 

11/56(18.4! 

1/6(25.0) 

reference 

' 1.51 (0.89,2.58) 

reference 

1.57(0.86,2.85) 

reference 

2.14(0.86,5.32) 

3.01 (0.26,35.4) 



Table 3 (continued) 

1 Odds ratios, obtained by logistic regression, adjusted for survey and clustering in schools 

2 Parental schooling and wealth index comparing the lowest 20th percentile of sample distribution to the rest 

Risk factors for thinness and stunting 

Sociodemographic factors 

Data on socio-economic status was available from 335 girls from the second Asembo survey. 

Neither socio-economic status, nor number of years of parental schooling, were associated with 

thinness or stunting (Tables 3). 

Age and sexual maturation 

The prevalence of thinness and stunting decreased markedly with age and sexual maturation 

(Table 3). BMI-for-age z-scores and height-for-age z-scores were significantly associated with 

age (Spearmans rho [P-value]; 0.25 [P <0.001] and 0.34 [P <0.001 ] for BMI and height respec

tively) and with sexual maturation (Kruskal-Wallis one-way analysis of variance; P <0.001 and 

P <0.001). The mean z-scores of height-for-age converged towards the US reference median 

with age and the corresponding prevalence of stunting decreased (Figure 1). A similar relation

ship with between z-scores and sexual maturation, was seen (data not shown). A third of all 

girls (32.2%) had passed menarche and thinness and stunting were rare in these girls compared 

to pre-menarcheal girls (Table 3). 

Age at menarche and age at pubarche in this population were markedly delayed relative to 

the median ages for these maturational events in the N C H S / W H O reference population. ! ; 

In Asembo and Mumias there were approximate delays of 2 and 1.5 years, respectively. When 

height-for-age z-scores were adjusted for this maturational delay (using age — maturational delav 

to calculate z-scores)S5 the overall prevalence of stunting was only 1.0%. 

When girls were classified as late to start menstruating (girls not menstruating even though 

they were older than the estimated median age at menarche) or as having started menstruation 
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early (girls menstruating and younger than the estimated median age at menarche), girls relatively 

late to start menstruating had significantly lower height-for-age z-score than girls having gone 

through menarche relatively early (t-test mean difference = -0.36 [-0.63, -0.10]), even after 

adjusting for age (adjusted mean difference [95% CI]; -0.47 [-0.86, -0.08]). Additionally, girls 

late to start menstruating were more likely to be classified as thin (crude odds ratio [95% CI]; 

5.37 [1.22, 23.76]), even after adjusting for age (adjusted odds ratio [95% CI]; 9.30 [2.00, 

43.33]). The same was true for BMI-for-age z-scores (t-test mean difference [95% CI]; -0. 85 

[-1.12, -0.58], adjusted mean difference [95% CI]; -0.92 [-1.23, -0.61]). 

r 0.5 

Co 20 

Figure 1. Measures of linear growth by age in 938 adolescent schoolgirls from western Kenya. Bars represent prevalence of stunting 

(height-for-age z-score < -2sd); Circles and error bars represent mean height-for-age z-score and it's 95% confidence interval. Horizontal 

dashed line represents reference median height-for-age. Height-for-age z-scores and prevalences were calculated using 1978 CDC7WHO 

reference data." 

Parasitic infections 

As described previously, helminth infections were common (48.8%) in Asembo (not assessed in 

Mumias), but most were of low intensity (Chapter 2). We could not demonstrate a relationship 

between any of the geo-hclminth infections (hookworm, T. trichiura, A. lumbricoides) and 

stunting or thinness (Table 3). Infection with S. mansoni was more common in stunted girls 

and was associated with a lower height-for-age z-scores (mean difference [95%]; -0.33 [-0.72, 

0.05]), but neither of these associations were statistically significant in univariate analysis, nor 

alter adjusting for co-variates (Table 3).There was no association between Schistosomiasis and 

thinness (Table 3). 

Girls with high density P. falciparum parasitemia (>500 parasites/mm'), but not those with 

low density parasitemia (<500 parasites/mm'), were more likely to be classified as thin than 



girls with no malaria (Table 3).This association was apparent also after adjusting for age and 

survey (adjusted odds ratio [95% CI]; 3.09 [1.52, 6.28]). Moreover, BMI-for-age z-scores were 

lower in girls widi high density parasitemia (crude mean difference [95% CI]; -0.47 [-0.77, -0.17]) 

and in girls with low density parasitemia (crude mean difference [95% CI]; -0.20 [-0.37, -0.03]) 

compared to girls without parasitemia. No association between parasitemia and stunting was 

seen (Table 3), but girls with high density parasitemia did have lower height-for-age z-scorcs 

(crude mean difference [95% CI]; -0.29 [-0.57, -0,00]), even after adjusting for age (adjusted 

mean difference [95% CI]; -0.27 [-0.52, -0,02]). Symptomatic malaria was more common in 

stunted girls than in non stunted girls, but no difference between girls with low or normal BMI 

was seen (Table 3). The mean z-scores and prevalence of stunting and thinness were comparable 

in bed net and control villages, as published in more detail elsewhere (Chapter 4) . 

Discussion 

In this sample of schoolgirls aged 12-18 years, we found that malnutrition was prevalent in 

young girls, but relatively uncommon in older adolescents; overall 20.0% and 20.1 % of the 

younger girls (12-13 years) and 11.6% and 4 .3% of the older girls (14-18 years) could be clas

sified as thin (low BMI) or stunted, respectively. Severe stunting was rare (2%). Furthermore, 

mean z-scores for height-forage tended to converge towards the median of the US reference 

curve in older girls and prevalence of thinness and stunting decreased with age. The prevalence 

of stunting in adolescent girls was approximately a third of that found in children under five 

years from the same study area in Asembo.27The prevalence of stunting was lower than the 

figures of one other studv in African adolescent girls using the same reference data.7 

The median age at menarche and median age at start of pubertv (Tanner B2), obtained using 

the status quo method,44 were delayed relative to diat of the NCHS/WHO reference population is 

bv approximately 2 years in Asembo and 1.5 years in Mumias. Similar delavs have previouslv 

been described in undernourished adolescents and the decline in age at menarche in developed 

countries has been attributed to secular changes in welfare.44-4649 

In this population girls who were relatively late to start menstruating were more malnourished 

than girls of the same age who started menstruating early. In most girls menarche comes 

approximately a year after peak height velocity and coincides with the last part of the adolescent 

growth spurt. Maturational delay in undernourished populations, has been shown to provide an 

opportunity for catch-up growth . 7 l 6 ' l 7 The trend towards higher height-for-age z-scores with 

age and sexual maturation seen in this population, is similar to that reported from cross-sectional 

studies published earlier.4-3 On the assumption that age related patterns in cross-sectional data 

reflect patterns of longitudinal growth, this gives observational support to the phenomenon of 

catch-up growth. When the prevalence of stunting was adjusted for maturational delav, allowing 
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a comparison with the reference population excluding average effects that accompany differences 

in maturational rate,35 only 1.0% of girls were classified as being stunted, suggesting potential 

for complete catch-up growth within the 1.5 to 2-year period of maturational delay. 

There were differences in mean height-for-age and body composition between the two study 

sites. The distinct ethnic (genetic) makeup of each area is a likely explanation for these differences. 

The Luo, the predominant tribe in Asembo, are a Nilotic peoples and generally taller and 

thinner than the Luhya, the predominant tribe in Mumias, who are Bantu. Whether differences 

in nutritional conditions during the pre-school years, the main period in which linear growth 

retardation occurs, are responsible for this difference cannot be ruled out. 

Malaria intervention studies have shown a relationship between malaria and under-nutrition 

in voung children in sub-Saharan Africa.50'53 Although we found an association between low 

BMI and high density parasitemia, there was no evidence from our bed net study that insecticide 

treated bed nets (ITNs) have a beneficial effect on any of the standard nutritional parameters in 

this age group, despite a marked effect on malarial anemia (Chapter 4) . The lack of effect by 

ITNs on the nutritional status is consistent with the results from a longitudinal study of ITNs 

in 5-12 year old schoolchildren conducted simultaneously in the same study area.28 ITNs did 

however have a marked beneficial impact on weight and height gain in infants.54" 

The prevalence of thinness in this study is likely to overestimate the true prevalence of func

tional malnutrition because the US reference data used for our analyses have been reported to 

be markedly skewed towards higher values when compared to other well nourished (European) 

populations.35 A recent study evaluating the use of the NCHS reference data in populations of 

different ethnic background concluded that use of these curves led to a misleadingly high preva

lence of thinness in an otherwise well-off group of Indian adolescent boys.55 

Because of the selected sample of school attendees, generalizations of our findings to the 

adolescent population overall, must be made with caution. No attempt was made to identify 

randomised children absent from school on the day of survey (6.5% of randomised girls e.g. 

due to illness, domestic duties, care for ill siblings or failure to pay school fees), or to evaluate 

children who do not attend school at all. Studies from Ghana and Tanzania have shown marked 

health differences between children who attended school and those of the same age who did 

not.56 '57This selection may explain the lack of clear association with socio-economic or educa

tional status of the caretakers and malnutrition. A contemporary prospective school based 

study of vounger children from the same area suggested that girls are more likely to drop out 

of school than boys.28 Girls may drop out of school because of teenage pregnancy or if they 

become orphaned.The study sample is thus potentially biased towards healthier girls, possibly 

with higher socio-economic status, potentially resulting in an underestimation of the proportion 

of girls with (severe) malnutrition. Furthermore, the cross-sectional design makes any inference 

of growth patterns over time difficult. We cannot rule out that selective dropout of malnourished 

girls is, at least in part, responsible for the age-related decline in malnutrition. 



We conclude that stunting and thinness are common in young adolescent schoolgirls in these 

poor rural settings in western Kenya, but that prevalence decreases with age, providing obser

vational support that children catch up on incomplete growth attained earlier in life due to a 

maturational delay of 1.5-2 years allowing prolonged growth. 
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