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ABSTRACT

Objective: Impaired physical growth is one of the prolonged ef-
fects of deficient iodine, a micronutrient. Thus, this study aimed 
to determine the relationship between the urinary iodine levels 
and anthropometric indices in a population of schoolchildren in 
Ilorin, North-Central Nigeria. 

Material and Method: This was a cross-sectional analytical study 
carried out among primary schoolchildren in Ilorin, North-Cen-
tral Nigeria. We recruited a total of 492 children aged 6-12 years 
through a multi-staged systematic sampling technique. Anthro-
pometry was determined using standard methods. We collected 
urine samples from the pupils and analysed them for iodine in 
the laboratory using the Sandell-Kolthoff method. 

Results: Of the 492 children recruited, 13 (3.2%) were under 
weight, 23 (4.7%) were stunted, 21 (4.3%) had thinness and obe-
sity was found in 7 (1.5%). The mean (SD) weight for age Z score 
(WAZ) was -0.216 (1.089), and height for age Z score (HAZ) was 
-0.073 (1.286). The mean weight for height z score (WHZ) and 
weight for age Z score (BAZ) were 1.036 (0.002) and -0.428 (0.976) 
respectively. A total of 26.5% of the schoolchildren had mild io-
dine deficiency, 0.4% had excess urinary iodine levels and no child 
had moderate or severe iodine deficiency. There was no relation-
ship between the urinary iodine levels and anthropometric indices 
(WAZ p=0.665, HAZ p= 0.978, WHZ p=0.375, and BAZ p=0.928). 

Conclusion: This study showed that there is no relationship be-

ÖZET

Amaç: Bozulmuş fiziksel büyüme, bir mikrobesin olan iyotun ek-
sikliğinin uzun süreli etkilerinden biridir. Bu çalışma, Kuzey-Orta 
Nijerya'daki Ilorin okulundaki bir popülasyonda idrarda iyot dü-
zeyleri ile antropometrik endeksler arasındaki ilişkiyi belirlemeyi 
amaçlamıştır. 
Gereç ve Yöntem: Bu çalışma, Nijerya'nın Kuzey-Orta Ilorin ken-
tindeki ilkokul çocukları arasında yapılan kesitsel bir analitik ça-
lışmadır. Bu çalışmaya, çok aşamalı sistematik örnekleme tekniği 
ile 6-12 yaş arası toplam 492 çocuk dahil edildi. Antropometri 
standart yöntemler kullanılarak belirlendi. Öğrencilerden idrar 
numuneleri toplandı ve Sandell-Kolthoff yöntemi kullanılarak la-
boratuarda iyot açısından analiz edildi. 

Bulgular: Çalışmaya katılan 492 çocuğun 13'ü (%3,2) yaşına göre 
kilosunun altında, 23'ü (%4,7) kısa boylu, 21'inde (%4,3) zayıf-
lık vardı ve 7'de (%1,5) ise obezite saptandı. Yaş Z skoru (WAZ) 
için ortalama (SD) ağırlık -0,216 (1,089) ve yaş Z skoru (HAZ) için 
yükseklik -0,073 (1,286) idi. Boy z skoru (WHZ) ve yaş Z skoru 
(BAZ) için ortalama ağırlık sırasıyla 1,036 (0,002) ve -0,428 (0,976) 
idi. Okul çocuklarının toplam %26,5'inde hafif iyot eksikliği, 
%0,4'ünde aşırı idrar iyot düzeyi saptanırken çocukların hiçbirin-
de orta veya şiddetli iyot eksikliği yoktu. Üriner iyot düzeyleri ile 
antropometrik indeksler arasında ilişki yoktu (WAZ p=0,665, HAZ 
p=0,978, WHZ p=0,375 ve BAZ p=0,928).

Sonuç: Bu çalışma beslenme indeksleri ile idrarda iyot düzeyleri 
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INTRODUCTION

Nutritional status reflects the balance or imbalance be-
tween the supply and demand of nutritients (1). The nu-
trition status of an individual is usually assessed through 
various methods including anthropometry, clinical and 
biochemical methods (1). Anthropometry is the com-
monest method of nutritional assessment (1). Anthro-
pometric indices are derivatives of anthropometric mea-
surements; and are expressed in standard deviation units 
from the reference mean or median value for the age 
and sex of the population (2).The anthropometric indi-
ces include Height-for-age (HAZ), which is an indicator of 
linear growth and reflects long term nutritional status of 
a child; Weight-for-height (WHZ), which measures body 
mass in relation to height or length and describes current 
nutritional status of the child and Weight-for-age (WAZ), 
which is a composite index of height-for-age and weight-
for-height (1). 

Whereas macronutrient deficiencies are easily identified 
using the anthropometric indices, micronutrient deficien-
cy such as iodine deficiency may not be apparent (hidden 
hunger) (3). Although severe iodine deficiency causes 
stunting and mental retardation in-utero, available stud-
ies in older children showed conflicting findings (4-10). 

While previous and out-dated studies showed some 
form of relationship between goitre and anthropometric 
indices (6-10), very few studies assessed the relationship 
between urinary iodine level (a better and more reliable 
indicator of iodine nutritional status), and anthropomet-
ric indices (5,11). Muthayya et al. reported strong associ-
ations between stunting, vitamin A deficiency and iron 
deficiency anaemia but found that iodine deficiency (as 
measured by the urinary iodine level of schoolchildren) 
did not correlate with the prevalence of stunting or any 
of the micronutrient deficiencies (4). However, the review 
did not explore the relationship between other nutrition-
al indices such as BMI, WAZ and WHZ and urinary iodine 
level (UIL).

Zimmermann et al., found a 100% increase in HAZ and 
WAZ scores over the baseline in a study of iodine-defi-
cient Moroccan children who received iodised salt over 
a period of 10 months (11). In contrast, an interventional 
study that involved mildly iodine-deficient South African 
children reported no significant change in the baseline 
HAZ or WAZ scores of the subjects after treatment with 
iodine (11). 

In Nigeria, a study in Ibadan, Southwestern Nigeria 
showed a positive correlation between HAZ and goitre 
(a measure of iodine status), however, the study did not 
assess the UIL, a more reliable measure of iodine status 
(10). A similar study in Southeastern Nigeria also found 
that stunting and underweight were associated with low 
UIL (5). However, only 36 of the 330 children studied had 
their urine tested for iodine. 

In view of the various limitations and conflicting results of 
the earlier studies which compared iodine nutrition and 
nutritional status, there is a need to explore a possible 
relationship or otherwise between nutritional status and 
iodine nutrition using a more robust method of assessing 
iodine level (UIL) and nutritional indices (HAZ, WHZ, WAZ 
and BAZ). Hence, this study assessed the urinary iodine 
level and correlated it with anthropometric indices (HAZ, 
WHZ, WAZ and BAZ) in a population of schoolchildren in 
North-Central Nigeria.

MATERIAL AND METHOD

This was a cross-sectional analytic study carried out be-
tween February and May 2016 in primary schools in Ilorin 
West Local Government Area (LGA). Ilorin west is one of 
the 16 LGAs in Kwara State, North-Central Nigeria. The 
recruitment of the subjects was through a multi-staged 
sampling technique. Using a table of random numbers, 
we selected 17 (6%) of the 255 registered primary schools 
in Ilorin West LGA from the school list obtained from the 
Kwara State Ministry of Education.

We recruited the number of children in each primary 
school by dividing the total number of pupils (sample 
size) by the total number of schools (17), i.e., 415/17=25.9. 
For easy recruitment of subjects, each primary school 
had 30 children recruited for the study. In each primary 
school, the recruitment of the pupils was from each class 
(basics 1-6). The number of children selected from each 
class was calculated by dividing the total number of chil-
dren to be selected from that school by 6 (representing 6 
classes from basics 1 to 6), i.e., 30/6=5. Where there was 
more than one class in an arm, we used a simple random 
balloting to pick a class for the sample population. We 
obtained relevant information from the parents/caregiv-
ers of the schoolchildren through a pretested structure 
questionnaire. 

Anthropometry was taken using standard World Health 
Organisation (WHO) methods (12); and the anthropomet-

arasında bir ilişki olmadığını göstermiştir. Bu nedenle, okul çocuk-
larının beslenme durumu iyot seviyelerinin bir yansıması olmayabilir. 

Anahtar Kelimeler: İyot düzeyi, beslenme endeksleri, ilişki, gizli 
açlık, okul çocukları, Nijerya

tween nutritional indices and urinary iodine levels. Hence, nutri-
tional status of schoolchildren may not reflect their iodine level.

Keywords: Iodine level, nutritional indices, relationship, hidden 
hunger, schoolchildren, Nigeria 
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ric indices were derived according to the WHO classifi-
cation. Each pupil had his/her weight measured in plain 
school uniform (extra clothing such as sweaters were 
removed and the pockets emptied) with a digital bath-
room weighing scale (Camry, Model: E B9323H, China) 
with an accuracy of 100 g. The pupil stood over the cen-
tre of the scale with the body weight evenly distributed 
between both feet. The arms hung freely by the sides of 
the body with the palms facing the thighs, the head held 
up, face forward and the weight read to the nearest 100 
g. Each pupil had the weighing scale adjusted to zero 
reading level before the measurement. Each child had 
his/her height measured in the upright position with his/
her shoes removed; back, shoulders and buttocks per-
pendicular to the central axis, heels against the foot-
board, knees together, and arms hanging loosely at the 
sides and the head in the Frankfurt plane with a stadi-
ometer (Seca Model: 213, USA) with an accuracy of 0.1 
cm. Each pupil stood erect with his back touching the 
vertical backboard of the stadiometer, looking straight 
ahead and holding his/her breath during the measure-
ment. The moveable headpiece of the stadiometer was 
brought onto the upper most point on the head with suf-
ficient pressure to compress the hair. The measurement 
was read off at maximal inspiration. 

All the recruited pupils submitted 10 ml of casual (spot) 
urine sample in clean universal bottles with the lid tightly 
screwed. We transported the urine samples in icepacks 
to the University of Ilorin Research Laboratory for analysis 
using the Sand-ell-Kolthoff method. In brief, the Sand-
ell-Kolthoff method measured the rate of colour disap-
pearance of ceric ammonium sulphate in urine digested 
with ammonium persulfate (Sand-ell-Kolthoff reaction); 
the rate of colour disappearance as measured by a co-
lour spectrophotometer determined the iodine content 
of the urine sample.

Ethical consideration
The Ethics and Research Committee of the Universi-
ty of Ilorin Teaching Hospital gave ethical clearance for 
this study. The parents/caregivers signed an informed 
consent, while children ten years and above signed the 
assent form. Kwara State Ministry of Education also ap-
proved the study. Furthermore, the Head Teachers of the 
selected schools gave permission for the study. 

Data analysis
We analysed the data collected on the study proforma 
using the IBM-Statistical Package for Social Sciences 
(SPSS)Tm version 20.0 for windows. We used Anthroplus®, 
(WHO software for analysing anthropometric parame-
ters) to calculate body mass index (BMI)-for-age, height-
for-age, weight-for-age and weight-for-height Z scores 
based on the WHO Growth Reference dataset. Urinary 
iodine level was not normally distributed and was sum-

marised as the median value with interquartile ranges 
(IQR). Kruskal Wallis test was used to compare the me-
dian values of the UIL across the different strata of nu-
tritional indices, while Pearson correlation test was used 
to assess the correlation between the anthropometric in-
dices and UIL. We further evaluated the relationship be-
tween anthropometric indices and UIL using Odds ratio 
with 95% confidence interval and the level of significance 
was set at p<0.05.

RESULTS

Out of five hundred and ten pupils recruited into the 
study, 492 had complete data and giving a response 
rate of 96% from the seventeen primary schools in Ilorin, 
Kwara State. The mean±standard deviation age of the 
pupils was 8.5±1.8 years. Two hundred and forty-two 
(49.3%) of the children were males and 250 (50.7%) were 
females as shown Table 1. The overt clinical features of 

Table 1: Socio-demographic, physical examination 
findings and urinary iodine level of schoolchildren

Variable
Frequency 

(n=492)
%

Age (years)
6 71 14.5
7 91 18.5
8 79 16.0
9 89 18.1
10 82 16.6
11 51 10.3
12 29 5.9
Sex
Male 242 49.3
Female 250 50.7
Social class
High (class I & II) 282 57.3
Middle (class III) 139 28.2
Low (class IV & V) 72 14.5
Examination findings (n=12)
Nail changes 9 75.0
Skin changes 1 8.3
Fluffy hair 1 8.3
Angular stomatitis 1 8.3
Goitre 0 0.0
Iodine level
Mild deficiency 130 26.5
Normal 338 68.7
Above normal 22 4.4
Excess urinary iodine 2 0.4
Severe iodine deficiency: UIL=0-19 µg/L, Moderate iodine 
deficiency: UIL=20-49 µg/L, Mild deficiency: UIL=50-99 µg/L, 
Normal iodine level: UIL=100-199 µg/L, Above normal iodine 
level:UIL=200-299 µg/L, Excess urinary iodine: UIL=>300 µg/L
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malnutrition namely fluffy hair, angular stomatitis, nail fis-
suring and skin changes were present in 12 (1.0%) of the 
pupils. No child had goitre (0/492,0%). One hundred and 
thirty (25.6%) of the subjects had mild iodine deficiency. 
None of the pupils had moderate or severe iodine defi-
ciency as shown in Table 1.

Using the WHO classification, underweight was found in 
13 (3.2%), stunting in 23 (4.7%), thinness in 21 (4.3%) and 
obesity in 7 (1.5%) of the pupils. The mean (SD) weight for 
age Z score (WAZ) was -0.216 (1.089) and height for age 
Z score (HAZ) was -0.073 (1.286). The weight for height z 
score (WHZ) and weight for age Z score (BAZ) were 1.036 
(0.002) and -0.428 (0.976) respectively. The other details 
are shown in Table 2.

The median (IQR) urinary iodine level of the study 
population was 117.2 (99.6-148.6) µg/L. No significant 
difference was found when the median UIL was com-
pared across each nutritional group as shown in Table 
3 (p>0.05). Using the Pearson correlation test, there 

was no correlation between the nutritional indices and 
UIL. This is as shown in Table 3. The odds of a pupil 
being stunted and iodine deficient was 1.029, although 
not statistically significant, (CI=0.393-2.694, p=0.954) as 
shown in Table 4.

DISCUSSION 

Our study found no relationship between the iodine nutri-
tion and nutritional status of children which contrasts with 
the previous studies in Nigeria (5,10). This study, however, 
supports the findings of Mutthaya in a global review of 
the prevalence of micronutrient deficiencies (4); that the 
global prevalence of iodine deficiency did not correlate 
significantly with the prevalence of stunting. The differ-
ences in our findings compared to the earlier works in 

Table 2: Anthropometric parameters of the school 
children

Variable
Frequency 

(n=492)
%

Weight for age Z- score (n=412)*

 <-2 13 3.2

 -2-+2 388 94.2

 >+2 11 2.6

Mean (SD) -0.216 (1.089)

Height for age Z- score

 <-2 23 4.7

 -2-+2 439 89.2

 >+2 30 6.1

Mean (SD) -0.073 (1.286)

Weight for height Z-score

 <-2 21 4.3

 -2-+2 443 90.1

 >+2 28 5.6

Mean (SD) 1.036 (0.002)

BMI for age Z- score

 <-2 21 4.3

 -2-+2 464 94.2

 >+2 7 1.5

Mean (SD) -0.428 (0.976)

*Weight for age z score not available for children >11 years

Table 3: Relationship between the urinary iodine level 
(UIL) and nutritional status of the schoolchildren

UIL

Variable n Median
Inter-

quartile 
range

K
p 

value

WAZ*

<-2 13 132.7 116.1-152.5 2.600 0.273

-2-+2 388 117.2 101.4-149.3 

>+2 11 115.6 94.2-152.4 

HAZ

<-2 23 112.2 99.5-134.4 1.485 0.476

-2-+2 439 117.2 99.6-149.2

>+2 30 110.8 91.5-148.3 

WHZ

<-2 21 112.2 100.3-136.9 1.310 0.519

-2-+2 443 117.2 99.6-149.2

>+2 28 110.8 88.8-144.4

BAZ

<- 2 21 137.1 110.4-152.6 2.481 0.289

-2-+2 464 117.2 99.6-148.6

>+2 7 115.6 87.2-135.4

r p

WAZ* 412 -0.021 0.665

HAZ 492 0.001 0.978

WHZ 492 -0.040 0.375

BAZ 492 0.004 0.928

*Weight for age z score(WAZ) not available for children >11years 
K:Kruskal Wallis; r:Pearson correlation coefficient; WAZ:weight-for-
age Z score; HAZ:height-for-age Z score; WHZ:Weight-for-height 
Z-score; BAZ:BMI-for-age Z score
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Nigeria may be related to the difference in methodolo-
gy between our study and the previous Nigerian studies. 
The study in Enugu, Nigeria sampled the urine of only 
a small proportion of the studied children (36 children 
compared with 492 children in our study). Furthermore, 
the present study assessed the urinary iodine level while 
the study in Ibadan assessed the goitre rate. Goitre rate 
tends to reflect longstanding iodine deficiency compared 
with UIL, which is an indicator of the current iodine status 
of an individual (13). 

Also, we did not find any difference in the median UIL 
of underweight pupils and those with normal weight-
for-age ratio. Similarly, the median UIL was comparable 
among the stunted pupils and those without stunting. 
These findings are in contrast to earlier findings in Mo-
rocco where iodine repletion significantly increased WAZ 
and HAZ scores (11).The inability to find any differences 
in this present study may be because the present study 
was not an interventional study and rather relied on infor-
mation on the ongoing iodine fortification of salt as part 
of the country’s nutritional policy (14).

The present study also showed no correlation between 
UIL and the nutritional indices (WAZ, HAZ, WHZ, and 
BAZ). This finding is similar to observation among Sen-
egalese pupils where there was no association between 
micronutrient deficiency and stunting/thinness (15). This 
negates the findings of Nwamarah and Okeke who found 
a positive correlation between UIL and HAZ (5). The rea-
son for this difference is not clear, but may be because 
this present study did not record any severe iodine defi-
ciency unlike Nwamarah et al. who recorded a high prev-
alence (58%) of severe iodine deficiency (5). Furthermore, 
there was no association between children that were 
iodine deficient and those that had low anthropometric 
indices. This may be because most (90%) of the pupils we 
studied had normal nutritional indices. 

Our study showed that children that have mild iodine 
deficiency may have normal anthropometric indices as 
observed in the study. This observation supports the 
fact that micronutrient deficiency may not be apparent 
from nutritional indices and hence the term hidden hun-
ger has been coined. This term implies that the signs are 
not always visible in those affected by it. Globally, about 
two billion people reportedly suffer from hidden hunger, 
which is a chronic deficiency of micronutrients (3). 

Limitations: This was a cross-sectional study rather than a lon-
gitudinal study that would show the iodine status of the school-
children over time.
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