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ABSTRACT 

The study investigated variations in alkaline phosphatase activity during adolescence in Ohafia   and Umuahia 

(suburban and urban localities respectively) in Abia State, South Eastern Nigeria. Males (123) and females (112) 

aged between 9 and 16 years were recruited for the study. Peak alkaline phosphatase activities (68.59±26.31 IU/

L and 57.33 ± 26.55 IU/L for males and females respectively) were observed at 14yrs of age in the suburban 

locality studied. In the urban locality peak alkaline phosphatase activity (79.28 ± 9.63 IU/L) was observed at 

15yrs of age in males while their female counterparts had peak alkaline phosphatase activity (68.21±16.29 IU/L) 

at 12yrs. Mean heights at which peak alkaline phosphatase activities were observed in the suburban locality were 

1.46±0.10 and 1.57±0.05m for males and females respectively, while in the urban locality studied peak heights 

were 1.56±0.05 and 1.48±0.05 for males and females respectively. Alkaline phosphatase activity was signifi-

cantly (P≤0.05) higher in urban males at ages 10 and 15 than in their suburban counterparts. Among the females 

alkaline phosphatase activities were significantly (P≤0.05) higher at 10, 12, 13 and 16 years of age in urban resi-

dents relative those resident in the suburban locality. Our findings are indicative that using peak alkaline pho-

shatase activity (a biochemical index of growth spurt in adolescents) males and females in Ohafia had peak 

growth spurt at age 14yrs. Females in Umuahia had peak growth spurt at age 12yrs, while their male counter-

parts had theirs at age 15yrs. The paper discusses the implications of these findings vis a vis adolescent nutrition 

and lifestyle in the two localities studied. 
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INTRODUCTION 

Adolescent growth spurt accounts for approxi-

mately 25% of adult height and 50% of adult 

weight and peak bone mass achieved at this pe-

riod depends on both genetic and environmental 

factors.(Matkovic, 1992). Adolescent growth 

spurt has been reported by several workers to oc-

cur approximately 2years later in boys than in 

girls (Zemel and Jenkins 1989). Growth is not a 

continuous process but proceeds as a series of 

small growth spurts that vary in amplitudes and 

frequency. (Lamp and Johnson, 1996). 

Alkaline posphatase is present in all tissues of the 

body but occurs at particularly high levels in the 

intestinal epithelium, kidney tubules, bone 

(osteoblasts), liver and placenta. It  is closely as-

sociated with the calcification process in bone. 

The relative contributions of bone and liver 

isoenzymes to the total activity of alkaline phos-

phatase is markedly age- dependent. There is also 

a significant difference in activity at some ages. 

 In growing children a high fraction of alkaline 

phosphatase activity originates from metaboli-

cally active chronoblasts in the calcifying matrix 

vesicles and in mature osteoblasts. Increased se-

rum alkaline phosphatase activity in children re-

flects not only bone growth but also growth of 

connecting tissues (Fleisher et al., 1977). Normal 

alkaline phosphatase activity is age dependent 

and is elevated during periods of active bone 

growth. The optimal range for alkaline phos-

phatase activity is also age dependent (Crofton et 

al., 1996). Growing adolescents have much 

higher alkaline phosphatase activity than a full 

grown adult because the osteoblasts are laying 

down bone very rapidly.  A decreased alkaline 

phosphatase activity may be seen in zinc defi-

ciency, vitamin C deficiency excess intake of Vi-

tamin D, hypothyroidism and some disease con-

ditions. 

The present study is aimed at identifying the peak 

age of adolescent growth spurt in an urban and 

suburban locality in Abia State Nigeria using al-

kaline phosphatase activity as a biochemical 

marker. 

MATERIALS AND METHODS 

Location and subjects. 
The study was carried out in Ohafia   and Umua-

hia (suburban and urban) localities in Abia State 

South East of Nigeria. Two hundred and thirty 

five children aged between 9 and 16 years were 

selected from two primary and two secondary 
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schools in Ohafia and Umuahia. Questionnaires 

ministered after obtaining written permission 

from school authorities and the Parents Teachers 

Association of the schools involved. Consent let-

ters were also obtained from parents of indi-

vidual pupils willing to be involved in the 

study. 

A total of seventy eight pupils (78) from 

Amaetiti primary school and fifty-six from 

Coronata Secondary School in Asaga, Ohafia 

were used for the suburban locality study 

while twenty seven (27) from World Bank 

Primary School and seventy five from Ibeku 

High School Umuahia were recruited for the 

urban locality study. 

Anthropometric measurements 
Body weights (kg) was measured (to the 

nearest 0.2kg) in light clothing without san-

dals , shoes or bags on the volunteers using a 

portable bathroom scale(HANSON model) as 

described by Jellife, 1996. Standing height was 

measured using a constructed vertical wooden 

rod affixed with graduated fibre glass tape. Sub-

jects stood bare footed and readings were taken to 

the nearest 0.1cm (Iohman et al., 1991). 

Blood sampling and analysis 
Venous blood sample was collected from each 

volunteer by venepuncture using sterile non-toxic 

pyrogen -free plastic syringes into 

heparinized   sterile containers. 

The plasma fraction was separated by cen-

trifugation at 1000g for 5 minutes using a 

Bench-top centrifuge. It was stored in a 

deep freezer before enzyme assay which 

was done within 48hrs of sample collec-

tion. 

Plasma Alkaline Phosphatase activity 
Alkaline phosphatase activity was deter-

mined using commercial kits supplied by 

TECO Diagnostics, USA. The principle of 

the method used is based on the action of 

alkaline phosphatase on the AMP buffered 

–Sodium phenolphthalein monophosphate 

( Bowers et al., 1977) 

Statistical Analysis of Data 

Data obtained was analyzed using version 11 of 

SPSS for windows. The methods used for analy-

sis included descriptive statistics, One-way analy-

sis of variance (ANOVA), and Least Significant 

Difference ( LSD). 

RESULTS AND DISCUSSION 
Our results as shown in Fig 1 show that males in 

Umuahia (urban) had peak alkaline phospatase 

activity at ages 10 and 15 yrs while their counter-

parts in Ohafia (a suburban locality) had peak 

alkaline phosphatase activity at ages 11 and 

14yrs. Alkaline phosphatase activity at each of 

these peaks was higher in the males in the urban 

locality than in their suburban counterparts.  Peak 

alkaline phosphatase activity was observed at 

ages 12 and 14yrs in females living in Umuahia 

an urban locality while the their counterparts liv-

ing in Ohafia a suburban locality had peak alka-

line phosphatase activity at ages 11 and 15yrs. 

Alkaline phosphatase activity at these peaks was 

significantly (P≤ 0.05) higher in males living in 

the urban areas when compared to their counter-

parts in the suburban area. 

There is sufficient scientific evidence to indicate 

that peak alkaline phosphatase activity could be 

used as a biochemical index of growth spurt in 

the absence of diseases that could lead to its ele-

vation (Crofton et al., 1996). Bacillus cereus has 

been reported to express maximal activity of al-

kaline phosphatase during the exponential phase 
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Fig 1: Variation in plasma alkaline phosphatase activity of 

urban and sub-urban male subjects 
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and suburban settings of our study may be due to 

environmental factors. It is possible that the nutri-

tional values of the food eaten by adolescents in 

both localities studied were the same as seen 

from our survey with questionnaire, but stress 

and lifestyle in both settings could differ. The 

adolescents in the suburban locality are exposed 

to more farm work, long distance trekking and 

other hard labour compared to their urban coun-

terparts (personal communication). This could 

explain why there was a delay in the peak alka-

line phosphatase activity of suburban male and 

female adolescents compared to their urban coun-

terparts. Though, the socioeconomic status was 

not considered a factor in selecting our subjects 

for study, it is possible that our subjects were 

from families whose economic status was low, 

since the study was carried out in public schools. 

Quality of life is generally improved in the urban 

localities due to factors like basic amenities hence 

urban adolescents do less physically exerting ex-

ercise than their rural counterparts. 

Our findings showed that the peak alkaline phos-

phatase activity was at 15years with weight of 

40.7± 3.5kg for males in the urban setting and 

14years with average weight of 36.8± 7.9kg for 

males in the rural settings. This may be due to 

less stress and better nutrition for the males in the 

urban setting. Our survey through questionnaire 

shows that the predominant food nutrient in the 

menu of school children in the rural setting is 

carbohydrate while in the urban setting proteins 

and vitamins from beverages are held at high es-

teem in the adolescents’ nutrition. This may ac-

count for the higher alkaline phosphatase activity 

in urban subjects which is a reflection of higher 

protein synthesis. Marjorie et al., 2004, con-

firmed this fact by suggesting that nutritional in-

take has to support growth by providing not only 

enough energy but also the proper balance of pro-

tein, carbohydrate, fats, vitamins and minerals. 

Majorie and his colleagues suggested that nutri-

tional recommendations should be viewed as gen-

eral guidelines and should be adjusted for special 

conditions such as a significant growth spurt; ath-

letic participation, major stress, or chronic ill-

nesses. 

The female adolescent may grow faster in the 

urban setting compared to rural setting. The fe-

male adolescents in the urban setting are kept at 

home during and after puberty to help care for 

their siblings and do homework. They also may 

be better fed by their parents and guardians who 

are supposedly more informed and better 

equipped with knowledge of nutrition. Con-

versely, female adolescents in the rural setting are 

exposed to more stress and hard labour in that 

they are deeply involved in long trekking dis-

tances to farm lands since these constitutes the 

major occupation in the rural South Eastern Nige-

rian locality. This may be the reason why in our 

study, the rural female adolescents had a two year 

delay in their peak plasma alkaline phosphatase 

activity compared to their urban counterparts. 

Generally, in both localities we discovered that 

the males had significantly higher (P<0.05) 

plasma alkaline phosphatase activity compared to 

their female counterparts. These values started to 

fall after 14 and 15years except for urban fe-

males. This finding is in agreement with the work 

of Cooke et al .(1973) who studied serum alka-

line phosphatase activity among 569 school chil-
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Age in yrs

(n) 

Height (m) Weight (kg) 

  Urban 

Male 

(n) 

Suburban 

Male 

(n) 

Urban 

Male 

(n) 

Suburban 

Male 

(n) 

9 1.33±0.06(5) 1.27±0.04(5) 25.08±2.39(7) 24.43±2.58(7) 

10 1.36±0.03(5) 1.34±0.04(5) 28.60±1.14(7) 27.71±1.60(7) 

11 1.37±0.01(4) 1.38±0.04 (4) 29.50±2.08(15) 30.00±2.17(15) 

12 1.47±0.10(4) 1.38±0.07(4) 37.50±7.94(12) 29.50±3.71(12) 

13 1.55±0.07(8) 1.47±0.05(8) 42.309±5.40(8) 36.50±3.86(8) 

14 1.57±0.08(10) 1.46±0.10(10) 44.60±5.74(9) 36.79±7.34(9) 

15 1.56±0.05(10) 1.55±0.08(10) 40.70±3.47(6) 39.00±6.99(6) 

16 1.65±0.07(5) 1.59±0.05(5) 52.20±7.19(8) 42.88±5.59(8) 

Table 1: Variation in Mean Heights (M) and Weights (Kg) of Male Subjects. 
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dren (386 boys and 183 girls) aged between 14 

and 17years with a finding that mean values were 

significantly greater in boys than girls and both 

showed a fall in mean values with increasing age. 

Their findings are consistent with ours. 

From the result of our study the peak alkaline 

phosphatase activity in the rural locality and ur-

ban females lies between 12 and 14 years, while 

the male adolescents in the urban locality had 

theirs at 15years.  

Our findings provide the mean age of growth 

spurt in apparently healthy urban and suburban 

south eastern Nigerian adolescents. The age at 

which the peak plasma alkaline phosphatase ac-

tivity occurred was lower by 2years in the rural 

female adolescents compared to their urban coun-

terparts, while in males the mean plasma alkaline 

phosphatase activity was significantly higher 

(P<0.05) in the urban compared to rural adoles-

cents. There was a delay in the mean growth 

spurt in the rural male and female adolescents 

compared to their urban counterparts. 
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