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Introduction
The fetal origins of adult disease hypothesis 
belonged to the risk factors of intrauterine 
exposures. It affected the fetus development 
during sensitive periods and increased the 
risk of specific diseases in adulthood.[1] A 
large number of epidemiological studies 
from different geographical regions showed 
a considerable relationship between small 
size at birth and later health defects. 
Increased risk of developing a disease 
such as diabetes type 2 and coronary 
heart disease (CHD) are the common 
complications of small for gestational 
age.[2‑4]

Furthermore, Barker showed increased rates 
of hypertension and CHDs in thin or short 
at birth males and females with lower birth 
weights or with small placental sizes.[5] The 
low birth weight (LBW) hypothesis has 
received considerable support from the 
growing evidence that blood pressure 
in adult life inversely related to birth 
weight (BW).[6]

Barker et al. also reported an association 
between X metabolic syndrome and LBW[7] 
which was inconsistent with the results 
mentioned by the previous study.[8]
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Abstract
Background: A large number of epidemiological studies from different geographical regions 
showed a considerable relationship between low birth weight (LBW) and adverse health effects 
later in life. This study aims to assess the birth weight (BW) as a cardio metabolic risk factor in 
Iranian adolescents. Methods: This cross‑sectional study was conducted on 12‑year‑old students 
from different areas of Rasht, North Iran. Data were collected by a questionnaire including 
variables as birth height, BW, gestational age, blood pressure, and laboratory tests including 
triglycerides (TGs), total cholesterol, low‑density lipoprotein‑cholesterol (LDL‑C), high‑density 
lipoprotein‑cholesterol (HDL‑C), and insulin level. Data were analyzed using t‑test, Chi‑square, and 
Pearson correlation coefficient. Results: Overall, 858 adolescents participated in this study. Results 
showed significant correlation between BW and abdominal circumference, hip circumference, total 
cholesterol, TG, HDL‑C and LDL‑C (P = 0.064, 0.194, 0.224, 0.017, and 0.017, respectively). 
Conclusions: The study findings on the correlation between BW and cardio metabolic factors might 
serve as confirmatory evidence on the association of LBW with future cardio metabolic disorders.
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As considering the role of the family in 
changing nutritional habits is mandatory, it 
seems that parental education and changing 
their perceptions can also prevent diverse 
consequences.[9] The aim of the current 
study was to assess BW as a cardio 
metabolic risk factor in Iranian children.

Methods
Study design and participants

This cross‑sectional study was conducted 
on 12‑year‑old students from different 
areas of Rasht, Northern Part of Iran. The 
expert physician examined junior level 
students. They were selected randomly by 
stratified proportionate to size sampling 
from 15 urban health centers. The study 
was approved by the university Ethical 
committee. Students were enrolled to the 
study after obtaining informed written 
consent from their parents.

Assessment of variables

Data were collected by a questionnaire 
which included birth height, 
BW, gestational age, and clinical 
examinations (height, weight, blood 
pressure, body mass index, and physical 
examination of organs). Similar scales 
were used in all centers and were 
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calibrated daily. Furthermore, all patients referred 
to the same laboratory in Rasht and fasting blood 
sugar (FBS), cholesterol. Triglycerides (TGs), low‑density 
lipoprotein (LDL), high‑density lipoprotein (HDL), and 
insulin level (if FBS was higher than 100 mg/dl) were 
assessed. Children with abnormal laboratory findings were 
referred to physicians for further assessment.

Statistical analysis

Quantitative data were assessed by ANOVA and qualitative 
data were assessed by chi‑square. Pearson correlation 
coefficient was used for quantitative data. Data analysis was 
conducted by SPSS software (Chicago, IL, version 19.0). 
The value of P < 0.05 was considered to be significant.

Results
Overall, 858 adolescents including 550 (64%) boys and 
309 (34%) girls participated in this study. Table 1 shows 
mean values of anthropometric measures and laboratory 
findings according to their BW. In total, 2.8% of the 
students had systolic blood pressure (SBP) >95th and 12.6% 
of students had hyperglycemia.

The prevalence of cardio metabolic criteria based on 
BW showed that macrosomic children encountered with 
higher prevalence of cardio metabolic abnormalities except 
for HDL, cholesterol and TG in comparison with other 
groups [Table 2].

Results showed no significant correlation between FBS and 
total cholesterol, TG, and LDL [Table 3].

Discussion
The results of this study showed a positive relationship 
between different children’s BW indicators and obesity 
at school aged children. In which, children with 
higher BW were more likely to be obese than other 

children (P = 0.007) these results were consistent with 
the findings reported by Loaiza et al.[10] Mardones 
et al.,[11] and with other studies.[12,13] They found higher 
relation between macrosomia in children and obesity at 
school.

Therefore, it seems that identifying macrosomic 
children and applying preventive interventions could be 
recommended to decrease later obesity.

By correct measuring of blood pressure which is mandatory 
in childhood,[14] there was a significant association between 
high BW and SBP and diastolic blood pressure (DBP). 
These results were opposite with the findings reported 
recently by Mori et al.[15] They found a significant 
association between LBW with risk factors of metabolic 
syndrome such as SBP and DBP in healthy Japanese high 
school girls. However, Hemachandra et al. mentioned that 
each 1‑kg increase in BW could induce 2.19 and 1.82 folds 
increase in high SBP and DBP, respectively.[16] According to 
previous investigations, increased trend of weight and body 
mass index were associated with higher blood pressure and 
its consequences.[17,18]

In this study, we did not document a considerable 
association between lipid profile (except HDL) and 
BW. This result was inconsistent with Mori et al.[15] 
They found a significant association between LBW with 
hypertriglyceridemia in healthy Japanese high school 
girls. However, it was consistent with the part of findings 
reported recently by Byberg et al. They found that BW did 
not relate (P > 0.10) with waist circumference, serum TGs, 
or HDL‑cholesterol (HDL‑C). This relation regarding HDL 
was against our results.

Our results showed a significant relation between low HDL 
and macrosomia. However, Evagelidou et al. reported 
higher HDL‑C levels (P < 0.01), in large for gestational 

Table 1: Demographic data and mean of glucose and lipid profile measurements
LBW 

(BW ≤2500)
Normal BW 

(2500< BW <4000)
Macrosemia 
(4000≤ BW)

Total P

Sex distribution
Male, n (%) 29 (52.7) 288 (66.7) 40 (58) 357 (64.2) NS*
Female, n (%) 26 (47.3) 144 (33.3) 29 (42) 199 (35.8)
Total, n (%) 55 (100) 432 (100) 69 (100) 556 (100)

Abdominal circumference (mean±SD) 67.3±11.8 70.7±11.7 75.1±13.8 71±12.2 0.002**
Hip circumference (mean±SD) 82±9 84±10 89±12 85±10 <0.001**
BMI (mean±SD) 18.2±4.5 20±6.4 21.7±5.8 20±6.2 0.007**
Weight (mean±SD) 40.5±12.5 44.1±12.8 51.3±16.6 44.6±13.6 <0.001**
Height (mean±SD) 147.4±6.1 148.2±8.8 152.6±7.2 148.7±8.5 <0.001**
FBS (mean±SD) 92±6 93±7 95±6 93±7 0.037**
Total cholesterol (mean±SD) 159±33 158±29 159±25 158±29 NS**
Triglyceride (mean±SD) 108±79 107±60 109±73 107±64 NS**
HDL (mean±SD) 45±9 43±9 41±9 43±9 0.032**
LDL (mean±SD) 91±25 93±25 97±21 94±24 NS**
*Chi‑square, **ANOVA. SD=Standard deviation, NS=Not significant, BMI=Body mass index, HDL=High‑density lipoprotein, 
LDL=Low‑density lipoprotein, FBS=Fasting blood sugar, LBW=Low birth weight, BW=Birth weight, ANOVA=Analysis of variance
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age compared with the appropriate for gestational age 
individuals.[19]

Previous studies showed that LBW is associated with 
increased risk for type 2 diabetes[2‑4] but no population‑based 
study has reported an association until now. It has been 
hypothesized that inadequate nutrition during gestation 
results in later‑life resistance to insulin‑stimulated glucose 
uptake but does not affect insulin secretion. Norris 
et al. found lower BW and accelerated weight gain after 
48 months as risk factors for adult glucose intolerance. 
Accelerated weight gain between 0 and 24 months did not 
predict glucose intolerance but can predict higher insulin 
resistance.[20] Although in our study impaired fasting 

glucose in macrosomia was higher than LBW, our finding 
regarding weight gain and insulin level was incomplete.

According to results, it seems that further screening of 
cardiometabolic risk factors in patients with LBW can be 
recommended.
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Table 2: Prevalence of cardio metabolic criteria based on birth weight
BW category P

LBW Normal LGA Total
Count Percentage Count Percentage Count Percentage Count Percentage

SBP >95th percentile
No 51 98.1 409 97.6 64 94.1 524 97.2 >0.05
Yes 1 1.9 10 2.4 4 5.9 15 2.8

SBP >90th percentile
No 48 92.3 388 92.6 61 89.7 497 92.2 >0.05
Yes 4 7.7 31 7.4 7 10.3 42 7.8

DBP >95th percentile
No 46 90.2 367 90.2 50 74.6 463 88.2 0.001
Yes 5 9.8 40 9.8 17 25.4 62 11.8

DBP >90th percentile
No 46 90.2 367 90.2 50 74.6 463 88.2 0.001
Yes 5 9.8 40 9.8 17 25.4 62 11.8

HDL >40
No 10 18.2 126 29.2 27 39.1 163 29.4 0.039
Yes 45 81.8 305 70.8 42 60.9 392 70.6

FBS categorized
<100 49 89.1 377 87.5 59 85.5 485 87.4 >0.05
>100 6 10.9 54 12.5 10 14.5 70 12.6

LDL >95th percentile
No 52 94.5 406 94.2 65 94.2 523 94.2 >0.05
Yes 3 5.5 25 5.8 4 5.8 32 5.8

Cholesterol >95th percentile
No 49 89.1 405 94.0 65 94.2 519 93.5 >0.05
Yes 6 10.9 26 6.0 4 5.8 36 6.5

Triglyceride >95th percentile
No 37 67.3 278 64.5 48 69.6 363 65.4 >0.05
Yes 18 32.7 153 35.5 21 30.4 192 34.6

HDL=High‑density lipoprotein, LDL=Low‑density lipoprotein, FBS=Fasting blood sugar, LBW=Low birth weight, BW=Birth weight, 
SBP=Systolic blood pressure, DBP=Diastolic blood pressure, LGA=Large for gestational age

Table 3: Correlation between birth weights and cardio metabolic risk factors
BW Weight Height SBP DBP FBS Abdominal 

circumference
Hip 

circumference
Total 

cholesterol
Triglyceride HDL LDL Insulin

Pearson correlation 0.224 0.199 0.146 0.123 0.064 0.194 0.224 0.017 0.017 −0.098 0.060 0.245
P <0.001 <0.001 0.001 0.005 NS <0.001 <0.001 NS NS 0.021 NS 0.040
NS=Not significant, SBP=Systolic blood pressure, DBP=Diastolic blood pressure, BW=Birth weight, HDL=High‑density lipoprotein, 
LDL=Low‑density lipoprotein, FBS=Fasting blood sugar
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