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ABSTRACT

The present study has been carried out among the Ahom children of Assam to study their
growth and development during adolescent period and to see the sexual difference in the
pattern of growth. The present study is part of the planned research of Anthropological
Survey of India, which concentrated on growth of Children from 11 to 17 years of age from
different ethnic groups and ecological zones under the 10th plan. The results indicate that
the Ahom children are shorter and lighter than the NCHS reference data and Beijing reference
data but taller than the Rabhas, Moplah, Kaibarta and others. It can be concluded that the
growth pattern of Ahom children is in general satisfactory.

Keywords: Growth, Ahom, Anthropometry, Assam, Adolescents

INTRODUCTION

Physical Anthropologists study human growth with a view to understand constant
change, ontogenic conditions and their highly varying tempos at various periods
of life (Schultz, 1956). Scientists have been conducting growth studies since the
publication of Buffon’s work in Historie Naturelle in 1777. The growth pattern of
humans is influenced by several factors, including hereditary and environmental
factors. Several workers have focused their attention on the impact of environmental
factors on growth (Shapiro, 1938; Lasker, 1952; Greulich, 1957; Frisancho and Baker,
1970; Frisancho et al., 1975; Singh et al., 1986; Roberts, 1953). The availability of sun
light is one of the factors influencing the growth and there is a direct relationship
between the amount of sunlight and the rate of growth. At high altitudes, pre-
natal growth retardation, as evidenced by low birth weight, is a well-established
fact. The high altitude children generally have a prolonged growth period,
sometimes, lasting up to 22 years of age, with poorly defined growth spurt (Litchy
et al., 1957; Hass, 1973; Frisancho and Baker, 1970; Beall et al., 1977; Mueller et al.
1978, 1980). Socio-economic status (SES) is often considered to be a proxy for an
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indirect influence on growth through issues related to nutrition, health care, physical
labour and psychology. The relationship of the first three with growth has been
abundantly described, but there is limited evidence for the effects of psychological
stimulation on growth (Lindgren, 1998). A number of studies have focused on the
influence of socio-economic status on human growth (Chatterjee et al., 1966;
Chaudhuri et al., 1966; Meredith, 1979; Chatterjee and Mandal, 1991; Singh, 1975;
Tanner, 1962). Some changes in growth patterns could also be due to cross-country
or rural to urban migration.

The most important of all the environmental factors is nutrition (Jelliffe and Jellifee,
1960;Garn and Rohman, 1966; Srikantia, 1979; Rao, 1978; Singh and Harrison, 1996;
Visweswara Rao and Rao, 1975; Chowudhury et al., 1977; Gopalan, 1957). Growth
and nutrition are closely correlated. There is an association between change in
dietary practices and growth (Takahashi, 1984), especially milk consumption (Orr,
1928; Heighton and Clark, 1929; Takahashi 1984; Little et al., 1983). Genetics
also plays a vital role in growth. Ethnic differences in rate and pattern of
growth are known to lead to growth differences seen in adulthood. Some of these
are clearly genetically determined, while others depend perhaps on ecological
condition.

The developed countries are able to generate a massive data on growth to the extent
that they are reporting secular trends in growth in the context of time span and
changes in the society. In our country, however, the study of human growth and
development has attracted the attention of researchers only recently. Some of the
earlier growth studies tried to see the changes in body size as part of the diet and
nutrition survey (Aykroyd and Raj Gopal, 1936; Aykroyd and Krishnan, 1937;
Aykroyd et al., 1938; Wilson and Mitra, 1938; Narinder Singh, 1939; Shourie, 1939;
Mitra, 1940; Bhave, 1941; Rao et al., 1954). Besides these; some important studies
were also conducted on various Indian populations (Mukherjee and Gupta, 1930;
Mason and Benedict, 1936; Krishnan and Vareed, 1932; Rahman, 1936; Sokhey and
Malandkar, 1939; Banerjee et al. 1963; Mason et al., 1963; Banerjee and Bhattacharya,
1967; Banerjee and Sen, 1957; Banerjee et al., 1958; Bhattacharya and Banerjee, 1966).
The ICMR (1972) growth and development study was a massive work with a huge
data. In spite of all these studies, we have no well-accepted national growth reference
data.

In the growth process of humans, adolescence occupies a significant period with
rapid changes in growth and progressive attainment of adult status. Adolescence
is characterized by the onset of major maturational events, principally the spurt in
somatic growth and the accompanying appearance of secondary sexual
characteristics and the onset of menarchae and spermarchae. The growth and
maturation timing may be affected by environmental and health factors, though
the genetic factors are primarily responsible for the timing of maturation events
(Tanner 1962). Thus, the normal variability in growth at adolescence may be due
to genetical and hormonal changes, which are environmentally induced (Tanner,
1962; Malina and Bouchard, 1991).
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In India, growth studies of adolescents are mainly carried out by individual
researchers (Sharma, 1963; Khajuria, 1968; Singh, 1968; Deka, 1969; Singh, 1970;
Kaul, 1976; Malhotra, 1975; Ghai, 1979; Singh, 1978; Das, 1986; Rao and Busi, 1991,
1992, Bardhan, 1965). Some of the growth studies by Anthropological Survey of
India are also remarkable (Sen, 1988; Reddy, 1989; Das, 1985; Bhowmick, 1993). In
an effort to fill the gap in the studies of growth at adolescence, Anthropological
Survey of India concentrated on growth of Children from 11 to 17 years of age
from different ethnic groups and ecological zones under the 10th plan. The present
study is part of this planned research.

Very few studies have been done so far on the growth pattern of northeast Indian
populations. Das (1969-71) conducted a study among the Assamese Hindu children
from Guwahati City. Subsequently, Das (1974) carried out a comparative study of
four Hindu caste groups. Hazarika (1974) studied Ahom boys while Das and
Choudhury (1992) conducted a mixed longitudinal study among the urban
Assamese children from Guwahati City. Das (1996) conducted a comparative study
of Assamese and Rajasthani boys. Dutta (1997) conducted a study among the Ahom
and Kalita children (1998). Deb (2001) studied the growth of Assamese Kayastha
and Bengali Kayastha girls. Choudhury (1979) conducted a study on Rabha children,
while Begam and Chouudhury (1999) investigated growth of Assamese Muslim of
Kamrup District. In recent years, adolescent growth studies have also been
conducted among the Khasi (Basu and Sun, 2003) and Sonowal Kachari (Kotal and
Barua, 2003) populations of north-east India. The present study has been carried
out among the Ahom children of Assam to study their growth and development
during adolescent period and to see the sexual difference in the pattern of growth.

AREA AND THE PEOPLE

Present study has been conducted among the Ahom boys and girls of rural areas
of Assam. The state of Assam is situated in the north-eastern region of India between
24º and 28º N latitude and 89.50º and 96º E longitude, which is composed of hilly and
plain area. The mighty river Brahmaputra flows across the entire length of the
state from east to west. The population of Assam is composed of Ahom, Brahmin,
Jogi, Kachari, Kaibarta, Kalita, Koch, Lalung, Mech, Miri, Muslim, Rajbhanshi and others.
The Ahoms are offshoot of Tai or Shan group. They migrated to Assam from
Myanmmar in 1228 A.D. and are of Mongoloid stock and at present assimilated
linguistically and culturally with the Assamese population and are Hindu by
religion. They form a major population group of Assam and are mainly concentrated
in rural areas of the district of Sibsagar, Lakhimpur and Dibrugarh. Sibsagar District
is a part of upper Assam and dominated by the Ahoms. The main occupation of
the area is agriculture and related activities. Tea industry and the Oil and Natural
Gas Commission, with its oil field, also occupy an important place in the economy
of the area. Most of the developmental schemes launched by Central Government
as well as by the Oil and Natural Gas Commission are doing some of the social
services, besides giving employment to the local people.
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MATERIALS AND METHODS

The data were collected from Ahom community of Assam in Sibsagar District during
the month of May-June, 2003. The study area is under the Hahsara and Betbari
Mauzas. Data have been collected from schools as well as through house-to-house
visit. Altogether, 592 apparently healthy children have been investigated for
anthropometry and other variables. Anthropometric measurements include weight,
stature, sitting height, bi-acromial diameter, illiocristale diameter, total arm length,
triceps skinfold, chest circumference, mid-upper arm circumference (MUAC) and
calf circumference. The techniques and methods described by Weiner and Lowrie
(1981) were followed and care was taken for the accuracy of the measurements.

RESULTS AND DISCUSSION

Body measurements provide important information to understand growth. The
mean and standard deviation of various anthropometric measurements are given
in Tables-1 and 2. The weight of Ahom adolescents of both sexes shows gradual
increase with age. In case of boys, the mean weight ranges from 32.56 kg to 51.58
kg and it varies from 31.18 kg to 48.23 kg in girls. As can be seen in Table 1 and
Figure 1, the body weight of the boys is more than the girls, except at 13 years of
age, which could be due to adolescent spurt of girls. The increment of stature is
more in case of boys than the girls. The mean value of stature increases from 142.45
cm and 140.24 cm at 11 years to 165.87cm and 153.46 cm at 17 years among boys
and girls, respectively. The relative rate of increment is more in case of boys
throughout their growth period, except at 12 years, probably due to an early spurt
of stature among the girls. The mean values of sitting height also shows gradual
increase from 75.16 cm and 73.95 cm at 11 years to 87.37 cm and 82.63 cm at 17
years of age in boys and girls, respectively. Distance curve of sitting height of boys
remains higher throughout their growth period than the girls, which indicates that
the development of trunk of boys is more pronounced than the girls throughout
growth period. The mean value Cormic index (sitting height/stature x 100) in boys
increases from 52.77 at 11 years to 52.84 at 17 years. In girls, the cormic index
gradually increases from 52.74 at 11 years to 53.86 at 17 years. The higher mean
value of cormic index among girls indicates that the lower portion of the body
grows proportionally less in girls than the boys during the growth period.

Bi-acromial diameter is an important dimension for assessing transverse growth.
Mean value of this measurement in this sample increases from 32.9 at 11 years to
39.82cm at 17 years in case of boys and from 30.01 to 34.03 cm in case of girls.
Higher mean value for boys than the girls indicates broader shoulder in the former.
The sex differences in this measurement were found to be significant at almost all
ages in the present sample.

The illiocristral diameter helps to assess the transverse growth of the hip part. The
mean values range from 22.47 cm at 11 years to 26.78 cm at 17 years in boys and
from 21.99 cm at 11 years to 25.50 cm at 17 years in girls. It is clear from Table 1 that
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the boys have higher mean values than the girls, except at 13 years. Sexual
diamorphism was significant at 16 and 17 years. The illiocristal diameter of the
boys was slightly higher than the girls upto17 years of age.

The mean total arm length of boys remains higher than the girls throughout their
growth period. The mean value of total arm length increases from 60.95 cm to
72.19 cm among boys and 60.01 cm to 66.28 cm among the girls. The differences
between sexes were significant from 14 years onward.

The amount of accumulation of fat can be assessed by measuring the thickness of
skinfold. In this study triceps skinfold has been used. The mean values of triceps
skinfold show irregular increment with age in case of boys and a gradual increase
in case of the girls. The girls have thicker skinfolds at almost all ages. There are
significant differences in fat accumulation between boys and girls, except at 12
years of age. The minimum mean value of 6.82 mm was noticed at 13 years, instead
of 11 years, while the maximum value of 7.96 mm was noticed at 17 years of age
among boys.

Figure 1: Comparison of Stature of Ahom and Sonowal Kachari
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The present study considered four circumference measurements. As is evident from
Table 2 all four variables show gradual increase with increase in age. The mean
values of chest circumference are significantly higher in boys than the girls (p<0.05)
throughout their growth period, indicating broader chest than the girls. The
circumference at mid upper-arm (MUAC) indicates the muscles, fat and humerus
bone development of that part. The mean value of upper arm circumference
increases from 18.83 cm to 23.48 cm in case of boys, whereas among girls it ranges
from 18.06 cm to 23.09 cm. There are significant sex differences in mean values of
MUAC at 11, 12 and 15 years of age. The mean values of calf circumference of the
boys are generally more than the girls. The mean values range from 28.06 cm to
32.63 cm in boys and from 27.32 to 31.92 cm in case of girls. Sex differences were
significant from 12 to 15 years of age.

The body mass index (BMI) is a measure of adiposity as well as thinness or chronic
energy deficiency in humans. It can be used as a reliable tool for the prediction of
under nourishment or starvation or affluence in an individual or community. The
mean BMI shows a gradual increase with age in the boys and girls in the present
sample. It ranged from 15.87 (kg/m2) to 18.85 (kg/m2) in case of boys and 15.78
(kg/m2) to 20.44 (kg/m2) in case of girls. The mean values of body mass index were
more in case of girls than the boys, except at 11 years. The sex differences were

Figure 2: Comparison Weight of Ahom and Sonowal Kachari
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significant at 13, 14, 16 and 17 years of age (p<0.05). The mean values of Ahom BMI
fall between 5th and 15th percentile value of the NCHS data.

SUMMARY AND CONCLUSION

All the variables considered in this study show constant increase among the present
Ahom boys and girls. However, in boys the triceps skinfold shows a variable trend.
The sex differences were significant in bi-acromial diameter, triceps skinfold, BMI,
calf circumference and chest circumference. The comparison of the present data
with the 1976 data of the same population does not give any clear cut idea, probably
due to different sampling cluster. But in comparisons to Sonowal Kachari of the
same year, the present Ahom boys are taller, except at 12 and 13 years of age.
Ahom girls are taller but for sitting height. Most of the variables considered here
show more mean values in Ahom boys than the Sonowal Kachari boys. But in case
of girls the comparison is not so distinct. Similarly the present Ahom boys and
girls show comparatively more mean value of stature and weight and other variables
than the Khasi children (Khongsdier and Mukherjee 2003a and 2003b) and Assamese
Muslim and Rabhas. In comparison with Moplah of Andaman, the Ahom adolscents
are always ahead, except the skin fold at triceps.

Most of the variables considered in this work show a spurt at 13 years of age in
both sexes. However, a few measurements and indices, such as MUAC, triceps
skin fold, BMI and cormic index in boys do not show spurt at 13 years, but show it
at 14, 15 and 16 years, respectively. In case of girls, only cormic index does not
show spurt at 13 years of age. Ahom children are shorter and lighter than the
NCHS reference data and Beijing reference data but taller than the Rabhas, Moplah,
Kaibarta and others. It can be concluded that the growth pattern of Ahom children
is in general satisfactory.
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Table 2: Mean and S.D. of Triceps skinfold, Chest Circumference, Upper arm Circumference,
Calf Circumference and Body mass index of Ahom Children

Age Sex N Triceps Chest Upper Arm Calf Body Mass
Skinfold Circumference Circumference Circumference Index

Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D.

11 Boys 41 7.22* 2.04 67.39* 5.03 18.83* 2.02 28.06 2.33 15.87 1.49
Girls 40 8.44 1.72 62.60 3.88 18.06 1.40 27.32 2.17 15.78 1.67

12 Boys 49 7.90 2.30 69.35* 5.64 19.31* 1.83 28.83* 2.07 16.49* 1.68
Girls 40 8.59 2.24 65.00 3.42 18.41 1.48 27.99 1.87 16.61 1.61

13 Boys 53 6.82* 1.89 74.68* 6.06 20.32 1.70 30.13* 2.41 17.19* 1.68
Girls 40 11.26 3.06 69.45 3.74 20.08 1.48 29.33 1.66 18.09 1.73

14 Boys 48 7.06* 2.04 76.07* 5.30 21.42 2.02 31.27* 2.48 17.73* 1.64
Girls 40 12.71 3.90 71.45 3.94 20.60 1.89 30.25 2.14 19.19 2.23

15 Boys 42 7.24* 2.03 80.19* 5.63 22.24* 2.27 32.18 2.48 18.51 2.28
Girls 40 13.25 2.69 72.64 3.21 21.29 1.42 30.99 1.94 19.26 1.62

16 Boys 39 7.67* 2.67 81.35* 5.26 23.28 2.16 32.53 2.09 18.57* 2.06
Girls 40 15.02 4.62 74.51 4.28 22.64 2.04 31.88 2.12 20.04 2.33

17 Boys 40 7.96* 2.41 83.12* 3.52 23.48 1.54 32.63 2.30 18.85* 1.56
Girls 40 15.03 3.75 74.68 3.98 23.09 1.80 31.92 2.28 20.44 2.16

* Significant difference

REFERENCES

Hazarika, A. and A.N. Ziauddin, 1974. A comparative study of growth of stature, girth of
thorax and weight of Ahom and Kalita Boys of Assam. In Contemporary research in
North East India, edited by B.M. Das. pp-73-77.

Aykward, W.R, and B.G. Krishnan, 1937. Diet Survey in South Indian Villages. Indian J. Med
Res. 24:667.

Aykward, W.R, Madhwan, K.B.and K. Rajgopal, 1938. Indian J Med Res., 26: 55.

Aykward, W.R and K. Rajgopal, 1936. The status of nutrition of school children in South
India. Indian J Med Res., 24(1): 419-437.

Banerjee, S.; Rohtagi, K.S.; Mukherjee, M. and R. Sen., 1958. Determination of the surface
area of the body of Indian females. Indian J Med Res., 46: 669 – 673.

Banerjee, S., Bhattacharya, A.K. and S.K. Mahindra, 1963. Studies on the basal metabolic
rate of girls students of Rajsthan. Indian J Med Res., 51: 516-521.

Banerjee, S. and R.C. Bhattacharya, 1967. Body size, growth and skinfold thickness of school
going students and youth of Bikaner, Rajsthan. Indian J Med Res., 34 (6): 303-312.

Banerjee, S. and R. Sen, 1957. A monogram for calculating the surface area of the body.
Special Report Series No.43, Part I, Indian J Med Res., 24: 419- 438.

Bardhan, A., 1965. Relationship of physique with menarche of the Punjabi and Bengali Girls. Ph.D.
Thesis (Unpublished), University of Delhi.

Basu, D. and D. Sun, 2003. Adolescent growth study among the Khasis. Project Report,
AnSI.

Beal, C.M., Baker, P.T., Baker, T.S. and J. D. Hass, 1977. The effects of high altitude on
adolescent growth in Southern Peruvian Americans. Huan. Biology, 49: 109-24.



66 Ind. J. Phys. Anthrop. & Hum. Genet. Vol. 34. No. 1, 2015

Begum G. and B. Choudhury, 1999. Age changes in some Somatometric characters of the
Assamese Muslims of Kamrup district, Assam. Annals Hum. Biol., 26 (3).

Bhattacharya, A.K. and S. Banerjee, 1966. Vital capacity in children and young adults of
India. Indian J Med Res., 54: 62 -71.

Bhave, P.D., 1941. Diet Surveys in Central Provinces and Berar. Indian J Med Res., 29:99-104.

Bhowmik, D.C., 1993. A cross sectional growth study among the school children of
Midnapore. Memoir no. 91. An SI, Kolkata Chatterjee, S. and A. Mandal, 1991. Physical
growth pattern of girls (9-17 yrs) from rural West Bengal. Indian J Med Res; 94: 346-350.

Chatterjee, G.S., Sarkar, D. and G. Paul, 1966. A preliminary note on the relative variations
between different sections of populations in the intake of nutrients in rural India. In :
Human adaptability to environments and physical fitness. M.S. Malhotra (Eds.) Madras:
Defence institute of Physiology and allied sciences.

Chaudhuri, S., Ghosh, J. and P. Tapaswi, 1966. Study of growth and physique of Indian
School children of two communities in Calcutta. In: Human adaptability to environments
and physical fitness. M.S. Malhotra (Eds.) Madras: Defence Institute of Physiology and
Allied Sciences.

Choudhury B. 1979. A cross-sectional study of growth of some Somatometric characters of Rabha
boys of Kamrup, Assam, Ph.D thesis (Unpublished), Guwahati University.

Chowdhury, A.K., Huffman, S.L. and G.T.Curtin, 1977. Malnutrition, Menarche and marriage
in rural Bangladesh. Social Biology. 24:316-325.

Das, A.K., 1996. A study on growth among the Assamese and Rajsthani Boys. Peoples of
North East India: S. Sengupta (Ed.) Gyan Publishing House New Delhi.

Das, B.M. 1967-71. A study on some aspect of growth of Assamese boys. Journal of Gauhati
University (Science). 20-22:51-65.

Das, P.B., 1974. A comparative study of growth in respect of height, weight and chest-
circumference of rural Assamese Boys. In: Contemporary Research in North East India,
B.M. Das (Ed.), pp-43-55.

Das, P.B.and B. Choudhury, 1992. A mixed longitudinal study on growth in height and
weight of Assamese children from 8 to 16 years. Bulletin of the Dept. of Anthropology.
Gauhati University.

Das, S.R., 1985. Mixed longitudinal growth data for 22 measurements: The Sorsuna- Barisa
series-West Bengal, India, Vol. I, Boys 0.33, An. S.I.

Das, S.R., 1986. Mixed longitudinal growth data for 22 measurements; The Sarsuna- Barisa
series- West Bengal, India, Vol-II, Girls, 0.34, An.S.I.

Deb, Rumi. 2001. A cross sectional growth study of adolescent Assamese and Bengali
Kayastha girls of Guwahati. Anthropologist: 3 (1).

Deka Mahapatra, Usha., 1969. Growth during Adolescence among Oriya urban boys and
girls. Journal of Indian Anthropological Society. 4: 141-46.

Dutta, M.N.,  1997. Growth pattern in height and weight among children of Dibrugarh,
Assam. Human Ecology. 8: (3).



Growth pattern of adolescent ahom children 67

Frisancho, A.R. and P.T. Baker, 1970. Altitude & Growth: A study of the pattern of Physical
growth of a High Altitude Peruvian Quechua Population. Am. J. Phys. Anthropol.32:
279-92.

Frisancho A.R., Borka, G. A. and J. F. Klayman, 1975. Pattern of Growth of Lowland &
Highland Peruvian Quechua of similar genetic composition. Human Biology. 47: 233-43.

Garn, S.M. and C.G. Rohman, 1966. Interaction of nutrition and genetics in the timing of
growth and development. Pediatiric clinics of North America. 13: 353-79.

Ghai, I., 1979. A cross-sectional study of physical growth and development in Himachali Rajput females
aged six to seventeen years, Ph.D. Thesis (Unpublished), Punjab University, Chandigarh.

Gopalan, C., 1957. Malnutrition among infants and young children in India. Journal of Tropical.

Lindgren, G., 1998. Cambridge encyclopedia of Human Growth & Development. Pp. 381-
386).

Hass, J. D., 1973. Altitude & infant growth & development in Peru. Ph.D. Thesis (Unpublished.),
The Pennsylvania State University, Pennsylvania, USA.

Heighton, G. and M.L. Clark, 1929. Milk Consumption & the growth of School children.
Lancet.1: 40-43.

ICMR, 1972. Growth and Physical Development of Indian Children. ICMR Technical Report
Series, No. 18, Delhi.

Jelliffe, D.B. and E.P.P. Jelliffe, 1960. Prevalence of Protein-Calorie Malnutrition in Haitian
Preschool Children. Am J Public Health Nations Health, 50(9): 1355–1366.

Kaul, S., 1976. Physical growth and development (Human)- A study based on Kashmiri Pandit boys
of school going age in Srinagar, Kashmir, Ph.D.Thesis (Unpublished.) Panjab University,
Chandigarh.

Khajuria, S., 1968. Age changes as seen in the physical growth of Punjabi girl. Ph.D. Thesis
(Unpublished.), Panjab University, Chandigarh.

Khongsdier, R.and N. Mukherjee, 2003a. Growth and nutritional status of Khasi boys in
Northeast India relating to exogamous marriages and socieo-economic classes. Am. J.
Phys. Anthropol., 122: (2). 162-170.

Khongsdier, R. and N. Mukherjee, 2003b. Effects of heterosis on growth in height and its
segments: a cross-sectional study of the Khasi girls in Northeast India. Annals Hum.
Biol. 30 ((5): 605-621.

Kotal, M., and P. Barua, 2003. Adolescent growth study among the Sonowal Kacharis. Project
Report, An. S. I., Calcutta.

Krishnan, B.T.and C.Varee, 1932. Basal metabolism of young college students, men and
women in Madras. Indian J. Med.l Res., 19:831-58.

Lasker, G.W., 1952. Environmental growth factors & selective migration. Human Biology, 24:
262-89.

Lichty, J.A., Ting, R.Y., Bruna, P. and E. Dyar 1957. Studies on babies born at high altitudes.
Relation of altitude to birth weight. American Journal of Disease in childhood. 93: (6). 666-
69.



68 Ind. J. Phys. Anthrop. & Hum. Genet. Vol. 34. No. 1, 2015

Little, M.A., Galvin K. and M. Mugamb, 1983. Cross-sectional growth of nomadic Turkana
Pastoralists. Human Biology. 55: 811-30.

Malhotra R., 1975. A study of physical growth and development status of a high altitude situation
in the Himalayas (A cross-sectional study of Kinnaur male Rajputs) Ph.D. Thesis
(Unpublished), Panjab University, , Chandigarh.

Malina, R.M.and C. Bouchard, 1991. Growth, maturation and Physical Activity. Human Kinetics
Book. Champaign II.

Meredith, H.V., 1979. Comparative findings on body size of children & youth living at Urban
Centres and in rural areas. Growth. 43:95-104.

Malik, S.L. and I. P. Singh, 1978. Growth trends among male Boys of Ladakh - A high altitude
population. Am. J. Phy. Anthrop., 48:172:173.

Mason, E.D.and F.G. Benedict, 1936. The Basal metabolism of South Indian women. Indian
J. Med. Res, 19: 75-98.

Mason, E.D., Mundkar V.and M. Jacob, 1963, Indian Journal of Medical Research, 51: 925.

Mitra, K., 1940, Indian J. Med. Res, 27: 887.

Muller, W.H., Schull, V.N., Schull W.J., Soto P., and F. Rothhammer, 1978. A multinational
Andean genetic & health Programme: Growth and development in an hypoxic
environment. Annals Hum.Biol. 5:329-52.

Muller, W.H., Murillo, F., Palamino, H.R., Badzioch, M., Chakaborty, R., Furest, P.and W.J.
Schull, 1980. The Aymara of Western Bolivia : Growth & development in an Hypoxic
environment. Human Biology. 52: 529-46.

Mukherjee, H.N and D.C. Gupta, 1930. The basal metabolism of Indians (Bengalis). J Med
Res.,  18: 307-318.

Narinder Singh., 1939. A study of diet and nutrition in Orissa. Indian J Med Res., 27:453-463.

Orr, J.B, 1928. Milk consumption and Growth of School Children. Lancet, 1:202-203.

Rahman, N.A., 1936. The metabolism of young men at Hyderabad (Deccan) with a study of
their physical characterstics. Indian J. Med. Res, 24(1):173-200.

Rao, B. Dharma and B.R. Busi, 1991. Physical growth of Vadabalija boys of Visakhapatnam
district, AP, Indian Journal of Human Ecology, 2(1): 89-92.

Rao, K.V., 1978. Nutritional status of preschool children & the related factors. Indian Journal
of Nutrition & Dietetics. 15: 112-119.

Rao, K.S., Taskar, A.D. and M.R. Ramanathan, 1954. Nutrition and haemoglobin surveys in
children in Nilgiri District. Indian J Med Res., 42:55-58.

Reddy, K.N., 1989. Growth and physical changes during Adolescence among Bhil boys of
Rajasthan. Memoir No. M-82, An.S.I. Kolkata.

Roberts D.F., 1953. Body weight, race and climate. Am. J. Phys. Anthropol.1: 533-58.

Schultz, A.V., 1956. Post embryonic age changes. Primatologia. 1: 887.

Sen T., 1988. Growth and Development of Bengali Girls. Memoir No.73. An.S.I. Calcutta.



Growth pattern of adolescent ahom children 69

Shapiro, H.L. 1938. Migration & Environment. Oxford University Press.

Sharma, J.C. 1963. Age changes in bodily proportions of Maharastrian. Ph.D. Thesis
(Unpublished), Panjab University, Chandigarh.

Shourie, K.L. 1939. A Survey of Diet and Nutrition in Najafgarh, Delhi Province. Indian J
Med Res. 26:907-20.

Singh, L. 1970. Physical growth of Lahaulis from birth to maturity. Ph.D.Thesis(Unpublished),
Panjab University, Chandigarh.

Singh, L.P.and G.A. Harrison, 1996. Impact of migration, environment and socio-economic
conditions on Physique of Sikhs. Journal of Biosocial Science. 28:101-116.

Singh, R. 1968. Somatometric study of Punjabi Hindu Khatri (male) with special emphasis on growth
(cross-sectional) and relationship between arm and body measurement.

Ph.D.Thesis (Unpublished) Delhi University, Delhi.

Singh, S.P. 1978. Growth pattern from 4-20 years of male Rajput- A Himalayan tribe. Ph.D. Thesis
(Unpublished), Punjabi University, Patiala.

Singh, S.P., Sidhu, L.S. and P. Malhotra, 1986. Body morphology of high altitude Spitians of
north west Himalayas. Zeitschrift fur Morphologie und Anthropologie. 76: 189-95.

Singh, R. 1975. Nutritional Anthropometric measurements of male Tamil clerks in Madras
(sea-coast plains) and Ooty (hills). Annals Hum. Biol. 2:301-304.

Sokhey, S.S. and M.A. Madankar, 1939. Indian J. Med. Res. 27:501.

Srikantia, S. G. , 1979. Repercussions of early malnutrition in later intellectual development.
Journal of Indian Education. January, 1-2.

Takahashi, E, 1984. Secular trend in milk consumption & growth in Japan. Human Biology,
56:427-437.

Tanner, J.M. 1962. Growth at Adolescence, 2nd Ed., Blackwell.

Visweswara Rao, K and Rao N.P., 1975. Association of Growth Status & the incidence of
nutrition deficiency signs. American Journal of Clinical Nutrition. 23: 83.

Weiner, J.S. and J.A. Lourie, 1981. Practical Human Biology. London:Academic Press.

Wilson, H.E.C. and D.D. Mitra, 1938. A diet and physique survey in Assam, Rural Bengal
and Calcutta. Indian J.Med. Res. 26:131-45.





���������������������������������������������������������������������������
���������������������������������������������������������������������������������
�����������������������������������������������������


