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Assessment of blood pressure and lipid profile in 1–5 years stunted children 
attending a tertiary care hospital
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The prevalence of coronary artery disease (CAD) is rapidly 
increasing worldwide, particularly affecting low- and 
middle-income countries, where the condition is coexistent 

with childhood undernutrition and early life infections [1]. The 
predisposing risk factors to CAD include hypertension (HTN), 
obesity, diabetes mellitus, and hyperlipidemia [2]. Recent studies 
have found that children exposed to prenatal and early postnatal 
undernutrition may develop atherogenic metabolic changes in 
early life [3-7]. Atherogenic changes in the intimal layer of vessels 
may begin as early as in the 1st year of life [8]. Consequently, 
these children are predisposed to the increased risk of CAD in 
future life.

As per the Global Nutrition Report, 2018, childhood stunting 
signifying chronic undernutrition in early life, is a significant 
global health issue, affecting 149 million children under 5 years of 
age [9]. Stunting is largely the irreversible outcome of inadequate 
nutrition, infections, and lack of psychosocial care during the first 
1000 days of a child’s life. Children with stature deficit lose the 
potential for physical growth, have reduced neurodevelopmental 
and cognitive function and increased risk of metabolic alterations. 
These alterations include poor glycemic control, HTN, and 

altered lipid profile that pose a risk of cardiovascular disease in 
future life [10]. To bring about a primary prevention of CAD in 
adulthood, identification and detection of these risk factors and 
intervention must begin at an early age [11].

There is scanty literature regarding blood pressure (BP) in 
preschool children with growth retardation and norms of lipid 
profile in normal preschool children [12,13]. This study aims to 
assess and compare the BP and lipid profile in stunted children 
and with normal children in the age group of 1–5 years.

MATERIALS AND METHODS

The present study was conducted in a tertiary care hospital in 
eastern region of India. A total of 80 children in the age group 
of 1–5 years with height for age (HFA) <−2 standard deviation 
(SD) were included as cases and an equal number of children 
with HFA between mean and +1SD were randomly selected 
for the control group. Children with weight <−2SD and above 
+2SD were not included in the study as well as in the control 
group. Parents were counseled about the study and those children 
whose parents consented for the study were included in the study. 
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Introduction: The prevalence of coronary artery disease (CAD) is rapidly increasing worldwide, particularly affecting low- and 
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children with stature deficit. Long-term effect of these metabolic alterations may predispose these undernourished children to an 
increased risk of CAD in future life. Aim: This study aims to assess the blood pressure (BP) and lipid profile in stunted children in 
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were recorded in a pretested pro forma. BP was recorded with a mercury sphygmomanometer with proper cuff. A 4-h fasting 
blood sample was collected for analysis of serum lipid profile. Results: Among the cases, 70% of children had HFA <−2SD and 
30% had HFA<−3SD. The prevalence of elevated BP (particularly diastolic) among the study group was significantly higher than 
the controls (28% and 6%, respectively) (p=0.006). The mean serum triglyceride was significantly higher (p<0.001) and mean 
high-density lipoprotein was significantly lower in the case group (p<0.001) than the control group. Conclusion: The metabolic 
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The final study population comprised 65 (nutritionally) stunted 
children in the age group of 12–60 months (with HFA<−2SD) and 
a control group of 65 children with normal HFA. The sample size 
was calculated with the following formula, n=z2×σ2÷d2, where n 
is the sample size, z is the standard normal variate (at 5% Type 1 
error [p<0.05] it is 1.96), σ is the SD, and d is the confidence 
interval (95%).

Children with non-nutritional causes of stunting were excluded 
from the study group. Children with diseases such as nephrotic 
syndrome, chronic glomerulonephritis, chronic renal failure, 
endocrinopathies (family history of diabetes), and cardiopathies, 
overweight and obese children, and children with moderate-to-severe 
malnutrition were excluded from the study, as lipid profile and BP 
were different in those children. None of the children included in 
the study had known family history dyslipidemia.

Details of the study were submitted to and approved by the 
ethical committee. In all children, the measurements, clinical 
examination, and blood sampling were done in the presence of 
mothers or guardians with proper consent. Children were weighed 
on an electronic scale with precision of ±10 g. The lengths of the 
children younger than 2 years were measured with the aid of an 
infantometer to the nearest 0.1 cm. The height of children more 
than 24 months was measured using a wall-mounted vertical 
stadiometer. The values were compared to those of the WHO 
child growth standards and expressed as SD score (Z-score).

BP was measured with a mercury sphygmomanometer with 
an appropriate cuff size. The width of the cuff was approximately 
40% of the midarm circumference and length of the cuff covered 
80–100% of the arm circumference. During BP measurement, the 
lower end of the cuff was around 2–3 cm above the antecubital 
fossa. BP was measured on the right arm of subjects at the heart 
level in a relaxed, sitting position with uncrossed legs, and after 
a resting period of 3–5 min. Three measurements were made at 
2 min interval and the mean was taken for the study [14]. None of 
the children had their BP measured previously.

BP values were compared to those of the American Academy 
of Pediatrics guidelines for high BP in children, 2017 which related 
BP to age, gender, and height. Children with BP <90th percentile; 
>90th percentile to <95th percentile;>95th percentile to 
95th percentile +12 mmHg, and >95th percentile +12 mmHg were 
considered to have normal BP, elevated BP, Stage I HTN, and 
Stage II HTN, respectively [15].

Blood samples were collected aseptically through venipuncture 
after 4 h of fasting, from children for the estimation of lipid profile. 
Children were allowed water till 2 h before drawing the blood 
samples. Estimation of the following was done for the assessment of 
lipid profile, namely, serum total cholesterol (TC), serum triglyceride 
(TG), serum high-density lipoprotein (HDL), and serum low-density 
lipoprotein (LDL) cholesterol. Serum lipid profile estimation was 
done by calorimetric method. Autoanalyzer used in this tertiary center 
is Vitros 5600. LDL was calculated by Fredrickson-Friedewald’s 
formula according to which LDL=TC–HDL+VLDL. Values for 
lipid profiles were considered as per lipid profile norms in the Indian 
children [12] and the NCEP guidelines [16] as shown in Table 1.

RESULTS

In the study group, there were 38 (58.4%) males and 27 (41.5%) 
females. Male-to-female ratio was 1.40:1. In the control group, 
there were 39 (60%) males and 26 (40%) females. Male-to-
female ratio was 1.5:1. The mean age of the study group and 
control group was 36.73±3.64 months and 38.18±3.75 months, 
respectively. The study and control population belonged to lower 
socioeconomic status as per modified Kuppuswamy scale.

The mean age and height of the two groups are shown in Fig. 1. 
Forty-six children (70%) in the study group had HFA<−2SD and 
19 children (30%) in the study group had HFA<−3SD. The mean 
height of the study and control groups was 85.23±2.939 cm and 
94.8±2.71 cm, respectively.

The distribution of systolic BP (SBP) and diastolic BP (DBP) 
is shown in Table 2.

Figure 1: Age-wise distribution of height

Table 2: Distribution of BP
Age 
group 
(years)

Study group Control group
Mean SBP 
(mmHg)

Mean DBP 
(mmHg)

Mean SBP 
(mmHg)

Mean DBP 
(mmHg)

1–2 94.14±3.436 53.8±2.225 92.88±3.16 52.9±2.12
2–3 98.57±2.533 58.857±4.111 96.25±2.33 56.63±4.111
3–4 102.4±2.683 62.38±4.610 98.86±2.76 60.5±4.610
4–5 106.18±3.480 66.7±4.690 102.56±2.98 62.6±4.690
Total 100.32±3.03 59.93±3.909 97.63±2.80 58.15±3.57
SBP: Systolic blood pressure, DBP: Diastolic blood pressure

Table 1: Normal range of parameters of lipid profile and cutoff 
limits
Lipid profile Normal range (mg/dl) Cutoff limits (mg/dl)
TC 134.5±27.1 >190
TG 91.1±29.85 ≥150
LDL 80.1±21.65 ≥130
HDL 34.15±13.05 ≤20
Statistical calculations were done with SPSS 25 software. TC: Total cholesterol, 
TG: Triglyceride, LDL: Low-density lipoprotein, HDL: High-density lipoprotein

Table 3: Prevalence of elevated BP
Study group Control group
Normal BP 
(<90th p)

Elevated BP  
≥90th–<95th 
percentile

Normal BP 
(<90th p)

Elevated BP  
≥90th–<95th 
percentile

Number % Number % Number % Number %
47 72 18 28 61 94 4 6
BP: Blood pressure
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The mean SBP and DBP in the study group were 
100.32±3.03 mmHg and 59.93 mmHg and in the control group 
were 97.63 mmHg and 58.15 mmHg, respectively. In the study 
group, 28% of children had elevated DBP (90th–95th percentile) 
and 4% of children had both elevated SBP and DBP. In the control 
group, 6% of children had elevated BP. The prevalence of elevated 
BP in study group and control group are shown in Table 3.

The distribution of parameters of lipid profile among the study 
and control groups is shown in Table 4.

DISCUSSION

The knowledge of altered lipid profile and BP in stunted children 
may help in anticipation, prevention, and understanding the 
cardiovascular risk factors associated with growth retardation 
in children. In the study group, 28% of children had elevated 
DBP (90th–95th percentile) and 4% of children had both elevated 
SBP and DBP. In the control group, 6% of children had elevated 
BP. No child in the study group had Stage I or Stage II HTN. 
Thus, a significant proportion of stunted children has elevated 
BP, particularly diastolic (p=0.006). This is similar to the 
studies done by Febba et al. and Sawaya et al. and lower than 
the results obtained by Sesso et al. [17-19]. Febba et al. found 
that nutritional stunting is associated with high angiotensin-
converting enzyme activity in childhood that may contribute 
to higher BP in these children [17]. Sesso et al. found that 
42% of children had elevated BP and 29% of children had BP 
≥95th percentile which were remarkably greater than those in 
controls (2%) (p<0.001) [19].

The studies of Lauer and Clarke and Bao et al. have shown that 
adult BP is correlated with childhood BP and that adult essential 
HTN and cardiovascular diseases begin in childhood [20,21]. 
Thus, the high prevalence of elevated BP (diastolic) in this 
study is a relevant finding. Although these subjects cannot be 
considered hypertensive as yet, they may be more prone to have 
HTN, cardiovascular, and renal diseases in future life.

In the present study, a mean serum cholesterol 
142±12.6 mg/dl, TG=94.1±15.33 mg/dl, HDL=43.2±10.36 mg/dl, 
and LDL=80.6±12.8 mg/dl were seen in the control group. There 
is scarce literature on lipid profile among normal Indian children. 
Khalil et al. studied the lipid profile of normal Indian children 
(3–12 years) and found the mean plasma cholesterol level as 
134.5±27.1 mg/dl, mean TG 91.1±29.85 mg/dl, mean HDL 
34.15±13.05 mg/dl, and mean LDL 80.1±21.65 mg/dl. No 
significant difference was noted between the two sexes [12].

The mean serum cholesterol and HDL were found to be much 
lower in Indian children as compared to Western data as observed 
by Freedman et al. (170 mg/dl and 72.9 mg/dl, respectively) 
[22]. In a similar study, Chandar et al. found that healthy Indian 
male children (1–4 years) have mean TC, HDL, LDL, and TG 
levels of 137.0±20.02 mg/dl, 51.8±14.17 mg/dl, 69.1±25.43 mg/
dl, and 77.7±20.80 mg/dl, respectively. The mean values of same 
parameters in the study in female children were 126.0±22.04 mg/
dl, 46.8±13.66 mg/dl, 66.4±18.92 mg/dl, and 63.0±12.82 mg/dl, 
respectively [13].

The mean cholesterol and HDL levels found in the present 
study were higher than those observed by Khalil et al. [12]. 
However, the HDL levels were lower than those observed by 
Chandar et al. [13]. Lipid levels vary widely with geographical 
areas, dietary profile, and other sociocultural habits. The TG 
level in the present study group (94.1±15.33 mg/dl) was similar 
to that of Khalil et al. and higher compared to that found by 
Chandar et al., while the level of LDL found in the present study 
(80.6±12.8 mg/dl) which was similar to the study of Khalil et al. 
and Chandar et al.

The lipid levels found in this study may be representative of 
the local pediatric population of the same age group. However, 
various confounding factors could not be excluded. Compared 
to the control group, the lipid profile in the study group was 
characterized by higher TG, LDL, and cholesterol levels (p<0.01) 
and lower HDL levels (p<0.01). Florěncio et al. found that 
individuals with short stature had higher levels of serum TC, 
LDL, and TG than adults with normal height [23].

A high prevalence of dyslipidemias (77%) represented by 
elevated TG level and low HDL level was seen in the present study 
group. This finding is consistent with similar studies on stunted 
children by Veiga et al. and Alves et al. [24,25]. Veiga et al. found 
that almost all children (98.9%) with chronic undernutrition (aged 
between 12 and 71 months) had dyslipidemia characterized by 
the predominance of low HDL levels (86.1% of the children) 
together with hypertriglyceridemia [24]. Similarly, Alves et al. 
found higher TG and low HDL in children from 1 to 6 years with 
moderate-to-severe stunting [25].

The study by Rohrer et al. found that both increased TG levels 
and low HDL level are correlated, and low HDL is caused by 
acceleration in catabolism and not by a decrease in the synthesis 
of these particles [26]. The increased TG level observed among 
stunted children may be due to the fact that malnourished 
children have decreased body mass, which leads to a reduction 
in the amount of LDL, favoring a lower clearance of circulating 

Table 4: Distribution of lipid profile
Parameters of 
lipid profile

Study group Mean value Control group p-value
<−2SD <−3SD

TC (mg/dl) 151.37±14.81 140.4±10.8 148±14.53 142±12.6 p=0.0263
LDL (mg/dl) 93.96±8.35 88.8±7.72 92.48±8.41 80.6±12.8 p<0.0001
HDL (mg/dl) 35.7±7.06 32.5±4.91 34.8±6.58 43.2±6.8 p<0.0001
TG (mg/dl) 107.71±13.45 96.60±9.59 104.182±13.30 94.1±15.33 p=0.0007
TC: Total cholesterol, TG: Triglyceride, LDL: Low-density lipoprotein, HDL: High-density lipoprotein
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TG [27]. It is assumed, therefore, that the high frequency of 
dyslipidemia (elevations in TC and low HDL) observed in the 
present study was a consequence of the adaptation to chronic 
undernutrition and may predict future risk of CAD among stunted 
children in this region. From this perspective, further studies are 
necessary to better explain the changes in lipid levels. Lipids and 
glucose levels were measured from 4 h fasting blood samples in 
our study. Studies have found that while HDL independent of 
fasting time [28], TG is influenced by timings [29]. However, new 
evidence suggests that the impact of fasting on lipids is modest as 
concluded by Mora [30].

The study design had a few limitations. It was a cross-sectional 
study with a small sample size. There was a lack of information on 
dietary pattern. Residual confounding factors such as unmeasured 
genetic and environmental factors could not be excluded that may 
have been associated with the study variables.

CONCLUSION

Stature deficit in early childhood is associated with increased risk 
of elevated BP and metabolic changes that pose a major threat to 
cardiovascular health in adults. The need for monitoring of BP 
in malnourished children for timely detection of HTN should be 
emphasized. Malnutrition should be more often recognized as a 
factor associated with increased BP in childhood. Awareness and 
early intervention such as lifestyle and dietary modification will 
help to prevent this risk.
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