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Abstract
Background: A country’s developmental progress and overall changes in socio-economic structure are reected in the
outcome of secular trend studies on physical growth of children. The aim of this study was to compare anthropometric and
biochemical indices of adolescent boys and girls born during and after the Iran-Iraq war.
Methods: Adolescents, aged 11 – 18 years, were selected from the TLGS cohort and divided into two groups. In the rst
group, adolescents born during the war and in the second group adolescents born after the war were included. Height, weight,
serum lipids, FBS, systolic and diastolic blood pressure, and BMI were compared amongst adolescents of the same ages
between the two groups.
Results: Mean weight and height increased at the ages of 12, 13, 14, and 17 years in boys of the post-war group. The mean
weight of girls in the post-war group increased at the ages of 11, 13, and 14 years. Between 11 – 14 years, the means for total
and LDL cholesterol, and between the ages of 15 – 18 years FBS, total cholesterol and LDL cholesterol decreased in boys of
the post-war group. For girls between the ages of 11 – 14, FBS, total cholesterol, TG and LDL cholesterol, and between the
ages of 15 – 18 years, FBS, total cholesterol and LDL cholesterol decreased in the post-war group. Systolic and diastolic blood
pressure decreased at all ages in both groups.
Conclusion: This study showed that some anthropometric indices such as height and weight increased in boys who were
born after the war; but in girls, the mean weight in the age groups increased. Systolic and diastolic blood pressure, and some
lipid proles decreased in boys and girls of the post-war group.
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Introduction
tudies on the physical attributes in child and adult
populations clearly point to long-term (e.g.,
secular) changes.1 Secular changes are due to the
interaction of genetic and environmental factors. This
interaction is manifested at a specic time as a function
of different living conditions in various social groups,
as well as on a long-term basis under the inuence of
gradual changes in living conditions.1,2 A country’s developmental progress and overall changes in socio-economic structure are reected in the outcome of secular
trend studies on physical growth, development, and
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rate of maturation in children.3 Wars are man-made disasters with a recognized direct impact on enhancing
the spread of disease, which have been shown to be
related to several somatic disorders, as well as to a wide
range of psychiatric disorders such as depression and
anxiety.4 Research on the status of children during war
shows that in comparison to the whole population, children are the most jeopardized group. Children’s war
experiences include the following: death of a parent or
close family members, separation from parents, bombardment and shelling, physical injuries, and handicaps
as well as extreme poverty and deprivation. War events
can have both short and long-term effects. The shortterm stress/traumatic effects of war events on children
are intrapersonal repetitions of the experience, fears
and insecurities, emotional changes, confusion, and
disorientation. The long-term stress/traumatic effects
of war events on children may exist even for several
years after the war has ended. Long-term war effects
can be characterized by deviations in child development, changes in personality and identity, school
failure, poor physical health, a pessimistic view of the
future, etc.5 Despite some studies about the Iran-Iraq
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war, there is no research regarding the physical growth
of adolescents born during the war years, which is the
purpose for conducting this study, e.g., to compare anthropometric and biochemical indices of adolescent
boys and girls born during and after this war.

Materials and Methods
The current study was conducted within the framework of the Tehran Lipid and Glucose Study (TLGS).
We selected 3816 persons aged between 11 and 18
years, and divided them into two groups. The rst
group included 2540 boys and girls born during the war
years (from September 22, 1980 until August 20, 1988).
The second group included 1276 boys and girls born
after the war (after August 20, 1988). The rst group
(war group), were investigated between 1998 – 2002
while the second group of adolescents (after war group)
were studied between 2005 – 2008. Subjects were interviewed privately, face to face, by trained interviewers using questionnaires. Blood pressure was measured
by a qualied physician using a standard mercury
sphygmomanometer. Additional information regarding age, sex, education, marital status, and employment
history was obtained with questionnaires. Weight and
height were measured according to standard protocol
and body mass index (BMI) was calculated.6,7 Blood
samples were drawn from all subjects between 7:00 and
9:00 a.m. after 12 – 14 hr of overnight fasting and all
blood lipid analyses were done at the TLGS research
laboratory on the day of blood collection, using the
Selectra 2 Auto-analyzer (Vital Scientic, Spankeren,
Netherlands). Fasting blood sugar (FBS) was measured
on the day of blood collection by the enzymatic colorimetric method using glucose oxidase. Serum total cholesterol and triglyceride concentration were measured
by commercially available enzymatic reagents (Pars
Azmoon, Iran) adapted to the Selectra Auto-analyzer. HDL cholesterol was measured after precipitation
of the apolipoprotein B-containing lipoproteins with
phosphotungstic acid. LDL cholesterol was calculated
according to the method of Friedewald et al.8 and it was
not calculated when the serum concentration of triacylglycerol was >400 mg/dL. All samples were analyzed
only when internal quality control met the acceptable
criteria. Inter- and intra-assay CVs were 2% and 0.5%
for total cholesterol, 16% and 0.6% for triacylglycerol, and 2.2% and 2.2% for glucose, respectively. In the
TLGS cohort study, for reducing the time effect of the
cohort in data gathering and to avoid changing methods
and instruments during the years of study, a data quality
program was performed to ensure the accuracy of the
interview, instruments such as weight scales, the measurement method, laboratory facilities and data entry,

etc. This program, as a protocol, has been described
elsewhere .9,10
Statistical methods
Means of anthropometric indices were calculated in
each age group and differences were compared between
the two groups. Bonferroni correction was used for
multiple comparisons. Because of the large amount of
data, we have presented the data in three age groups:
13, 15, and 17 years (Table 1) and data related to ages
11, 12, 14, 16, 18 have been presented in the text.
Mean of serum lipids (total cholesterol, triglycerides,
LDL cholesterol, HDL cholesterol, fasting blood sugar,
as well as systolic and diastolic blood pressure) were
compared between the two groups for ages 11 – 14 and
15 – 18 years, and separately for boys and girls. We
used SPSS software (version 16; SPSS Inc., Chicago
IL) for all statistical analyses. P values less than 0.01
were considered statistically signicant.

Results
The war group included 2540 individuals, (1340 girls,
1200 boys) and the post-war group consisted of 1276
persons (662 girls, 614 boys). Anthropometric indices
of each age group in girls and boys are as follows:
Anthropometric indices
Age group 11 years: In girls of the post-war group,
the average weight increased 5.74 kg (P<0.001), and
BMI increased 2.2 kg/m2 compared to girls of the war
group who were of the same age (P<0.001). In boys of
the post-war group, waist circumference increased 5.7
cm (P<0.001) compared to same age boys of the war
group.
Age group 12 years: At the age of 12 years, the differences in anthropometric indices were not statistically
signicant between girls of both groups while all anthropometric indices increased in boys of the post-war
group. The most important of these indices were height
(4.51 cm), weight (7.81 kg), waist circumference
(10.36 cm), BMI (2.23 kg/m2) and hip circumference
(6.29 cm), P<0.001.
Age group 14 years: In girls of the post-war group,
weight increased 6.6 kg (P<0.001), waist circumference increased 3.5 cm (P<0.01), BMI increased 2.2 kg/
m2 (P<0.001) and hip circumference increased 3.4 cm
(P<0.01) compared to girls of the war group. In boys
of the post-war group, height increased 4.5 cm, weight
increased 11.2 kg, waist circumference increased 12.8
cm, BMI increased 2.92 kg/m2 and hip circumference
increased 7.7 cm compared to boys of the war group
(P<0.001).
Age group 16 years: Waist circumference increased
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Table 1. Mean±SD for anthropometric indices in the two groups
Age 13
Variables

Age 15

War group

After war
group

Boys (n)

161

101

Height (cm)

156.3±8.7

159.1±7.9

Weight ( kg)

48.3±12.2

54.1±12.4

Waist circumference (cm)

67.6±10.4

BMI (kg/m2)
Hip circumference (cm)

Age 17

War group

After war
group

161

94

0.01

168.5±7.8

170.7±6.8

0.001

59.9±14.8

64.5±16.1

76.4±11.5

0.001

72.5±12.3

19.6±4.1

21.3±4.1

0.002

81.7±8.9

86.2±8.5

0.001

P

War group

After war
group

152

65

0.023

173.3±6.3

175.4±5.6

0.022

0.022

67.1±14.2

72.6±14.4

0.009

80.2±14.1

0.001

76.05±11.2

82.8±11.3

0.001

21.1±4.8

22.2±5.4

0.068

22.3±4.4

23.6±4.4

0.046

88.8±10

92.8±9.8

0.002

92.4±8.5

96.5±8.5

0.001

0.028

0.237

Wrist circumference (cm)

15.8±1.2

16.15±1.19 0.014

16.6±1.1

16.9±1.1

Girls (n)

187

80

184

102

Height (cm)

156.4±6.1

156.1±5.9

0.718

159.4±6.1

158.0±5.5

Weight ( kg)

49.3±10

53.2±10.8

0.005

55.2±9.6

Waist circumference (cm)

70.2±8.7

71.6±9.2

0.214

BMI (kg/m2)

20.1±3.7

21.8±4.2

Hip circumference (cm)

89.8±8.2

Wrist circumference (cm)

15.1±0.8

P

P

17.1±0.9

17.2±0.9

180

64

0.058

159.49±5.8

160.7±5.8

0.155

56±9.9

0.482

56.2±11.1

56.8±9.4

0.678

71.9±7.8

70.4±8.6

0.139

73.1±8.78

69.88±8.8

0.016

0.001

21.7±3.6

22.5±4

0.102

22.1±4.2

22.1±3.8

0.967

92.2±8.4

0.029

94.9±7.6

94.7±7.3

0.772

96.5±8.1

95.7±7

0.465

14.9±0.9

0.282

15.2±0.8

14.9±0.8

0.004

15.2±0.9

14.7±0.8

0.001

BMI= body mass index

Table 2. Mean±SD for blood pressure, blood sugar and serum lipids in the two groups.
Ages 11– 14
Variables

Ages 15 – 18
War group

After war
group

569

269

0.340

88.9±7.5

86.9±6.8

0.001

155.3±29.2

0.001

160.6±32.3

145.9±29.4

0.001

103.9±59.5

103.5±57.9

0.924

114.9±69.3

103.5±59.4

0.021

44.4±10.5

44.5±10.3

0.918

40.2±9.2

40±7.7

0.663

War group

After war
group

Boys (n)

601

328

Fasting blood sugar (mg/dL)

90.4±14.9

89.6±7.1

Total cholesterol (mg/dL)

166±31.7

Triglyceride (mg/dL)
HDL cholesterol (mg/dL)

P

P

LDL cholesterol (mg/dL)

100.4±27.9

89.4±24.6

0.001

97.6±26.8

85.3±25.1

0.001

Systolic blood pressure (mm Hg)

103.9±11.6

100.9±12

0.001

110.7±12.1

107±10.9

0.001

Diastolic blood pressure (mm Hg)

69.5±9.1

64.2±9.7

0.001

72.7±8.6

69.6±9.4

0.001

Girls (n)

624

335

694

322

Fasting blood sugar (mg/dL)

89.1±7.9

87.7±6.5

0.004

85.9±7.5

84±7.2

0.001

Total cholesterol (mg/dL)

169.4±29.7

157.7±30.7

0.001

169.3±30.9

153.2±29.5

0.001

Triglyceride (mg/dL)

121.4±61.9

107.8±55.3

0.001

101.5±47.7

93.5±46.2

0.012

HDL cholesterol(mg/dL)

42±9.8

43.2±10.1

0.069

43.9±10.2

44.9±9.9

0.156

LDL cholesterol (mg/dL)

103±26.5

92.3±24.7

0.001

104.8±27.1

89.9±25.9

0.001

Systolic blood pressure (mm Hg)

102.4±10.9

97.3±11.3

0.001

106.5±10.6

98.6±11.4

0.001

Diastolic blood pressure (mm Hg)

70±9.5

63.9±9.4

0.001

72.9±8.4

65.4±9.3

0.001
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5.54 cm in boys of the post-war group (P<0.001).
Age group 18 years: There were no signicant indices
in this age group.
The maximum height and weight increments were observed in boys of the post-war group at the ages of 12
and 14 years (4.5 cm for height and 7.8 – 11.2 kg for
weight). Anthropometric indices at the age of 13, 15
and 17 are shown in Table 1.
Biochemical indices: The results of blood pressure
and biochemical indices in the two age groups (11 – 14)
and (15 – 18) are shown in Table 2.

Discussion
This study showed that anthropometric indices of
boys in the post-war group increased in all age groups,
although the number of signicant indices in all age
groups was not equal. Anthropometric indices only
increased in girls of the post-war group for ages 11,
13, and 14 years. Blood pressure and most biochemical
indices decreased signicantly in both girls and boys in
the post-war group compared to the war group.
There are several studies showing that during the last
century children of the same age have experienced a
progressive rise in mean body height and weight. The
phenomenon is termed secular trend or growth acceleration.11,12 Variations in adolescent growth are ascribed
to the improvement of environmental conditions, socioeconomic conditions of the family, nutritional
status, standards of health care and care provided by
parents, both strongly associated with the parents’ educational level.11,13 In an overview based on a literature
review and new data from three cohorts, it has been
determined that genetic predisposition is a major determinant of height, in addition to early life environment,
which also has an important impact. Plausible non-genetic determinants of height include nutrition, illness,
socioeconomic status, and psychosocial stress.14
In this study, we cannot determine with certainty the
cause of the differences between the two groups. There
are many confounding factors in this regard, which
were not studied, for example: lifestyle, level of access
to food, economic status of families, parental education
level, and age of menarche in girls. In addition, data
pertaining to subjects before the war was not available.
There are some possible factors that appear to cause
these differences. The subjects in both groups were assessed at different times and in the six year interval
between the two assessments, many national health
programs have been initiated,15 many factors may
have changed, which possibly inuence anthropometric and biochemical indices. Another factor may be
related to the natural secular trend in physical growth.
In a study it has been shown that in 2001, 18-year-

old males attained a mean height of 180.1 cm, which
is 12 cm greater than the mean height of 18-year-old
men in 1895. The mean height of 18-year-old women
in 2001 was 167.2 cm, an increase of 10 cm over the
mean height in 1895.13 In our study there were no signicant height differences between girls in the two
groups. In an overview it has been shown that growth in
males is more sensitive to changes in living conditions
than females.14 Another study has shown a diminishing secular increase in female stature whereas height
in men has continued to rise in a stepwise fashion.16
In the present study, the duration between both groups
studied was 3 to 10 years; therefore, it seems that the
observed height rise in this study is greater than the
normal trend of physical growth during these years.
Another possible factor that can be noted is the circumstances of war. The Iran-Iraq imposed war, a war
between the Republic of Iraq and the Islamic Republic
of Iran, lasted from September 22, 1980 until August
20, 1988. This war, one of the disasters of the twentieth century, was the longest war in the world after the
Vietnam War.17 Some studies have shown the effects
of war on physical growth in children born during the
war that was ascribed to war-induced degradation in
economic conditions.11,18,19 Also, in a study it has been
shown that blood pressure was higher in males born
during the war20; other studies have shown that psychosocial stress caused by war is an important risk factor
for the increase in blood sugar during the years following a war in addition to the incidence of diabetes.21–24
Future longitudinal studies that control for confounding factors and assessment of more variables can more
accurately determine the causes of these differences.
In conclusion, this study has shown that most anthropometric indices such as height and weight increased
in boys who were born after the war; whereas in girls,
the mean weight in the three age groups increased. Systolic and diastolic blood pressure, as well as some lipid
proles decreased in both boys and girls who were born
after the war years.
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