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Abstract

Background: Children with type 1 diabetes having dyslipidemia are at increased risk

of developing premature atherosclerosis and cardiovascular disease. The present

study aims to determine the prevalence of dyslipidemia and its predictors in poorly

controlled Indian children with type 1 diabetes.

Methods: The cross-sectional study included 235 children and youth (3-18 years)

with type 1 diabetes having disease duration of at least 1 year. Demographic data

and laboratory findings were obtained from patients' records.

Results: The prevalence of dyslipidemia in our study was 47.2% with abnormal low-

density lipoprotein cholesterol being the most common lipid abnormality. Poor glyce-

mic control and higher thyroid stimulating hormone values were important predictors

of likelihood of dyslipidemia and hypertriglyceridemia. Despite a low percentage of

overweight and obese children in our study, body fat percentage was a significant

predictor of likelihood of high total cholesterol and abnormal high-density

lipoprootein. Interestingly, 28 children under the age of 10 years were found to have

dyslipidemia, which constitutes 11.9% of the total study group.

Conclusions: We found a high prevalence of dyslipidemia in children with type 1 dia-

betes including children under age of 10 years, which emphasize the need for early

screening and regular monitoring of lipid profile in these children.
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1 | INTRODUCTION

According to International Diabetes Federation report in 2019, among

children and adolescents with type 1 diabetes, India has the highest

prevalence (95.6 cases per 1000 children) and also the largest number

of new cases (15.9 cases per 1000 children).1 To add to this disease

burden, the per annum increase in incidence of type 1 diabetes in

India is reported to be around 3% to 5%.2 With this increasing inci-

dence, there is also an increasing risk of microvascular and

macrovascular complications associated with type 1 diabetes. One of

these complications includes cardiovascular disease (CVD), which is

the leading cause of mortality and morbidity in patients with type 1

diabetes.3

The changes of atherosclerosis begin as early as childhood and

these changes are often expedited in high-risk pediatric populations

like children with type 1 diabetes.4 Dyslipidemia plays an important

role in the initiation and progression of this accelerated atherosclero-

sis which in turn is responsible for premature cardiovascular disease

and early mortality in patients with type 1 diabetes.5 Hence, guide-

lines were formed to screen children with type 1 diabetes for dys-

lipidemia which state that all these children should be screened after

the age of 10 years with a fasting lipid profile and if LDL cholesterol

(low-density lipoprotein cholesterol) is <100 mg/dL the lipid profile

should be repeated after 3 to 5 years6,7.

The prevalence of dyslipidemia reported in children and young

adults with type 1 diabetes in different parts of the world widely
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varies and ranges from as low as 26% to as high as 75%.8-10 Poor gly-

cemic control, increased duration of diabetes, and increased body

mass index (BMI) are some of the important risk factors associated

with the development of dyslipidemia in children with type 1 diabe-

tes.9,11 In addition, studies have also shown that children with unfa-

vorable socioeconomic status are at a higher risk of having altered

glycated hemoglobin values due to poor glycemic control.12 With the

knowledge that poor glycemic control is associated with increased risk

of dyslipidemia in children with type 1 diabetes and underprivileged

children with type 1 diabetes have poor glycemic control, their risk of

developing complications like dyslipidemia and premature cardiovas-

cular disease is greater.

With such a wide variation in the occurrence of dyslipidemia and

limited data available on dyslipidemia in Indian underprivileged chil-

dren with type 1 diabetes, we conducted a study to estimate preva-

lence and predictors of dyslipidemia in Indian children and youth with

poorly controlled type 1 diabetes.

2 | METHODOLOGY

2.1 | Subjects

Underprivileged children and adolescents (3-18 years) with type 1 dia-

betes along with their parents who were attending the diabetes clinic

at a tertiary care hospital in Pune, India were approached to take part

in this cross sectional, observational study. Due to the fluctuation of

weight and metabolic instability, which is usually seen at the onset

and during the initial therapy for diabetes, children and young adults

with diabetes duration less than 1 year were not included in the

study.13 Children with other major illnesses or comorbidities (like

celiac disease, untreated hypothyroidism, eating disorders, and/or

polyendocrinopathies) were excluded from the study. All 291 patients

who were approached agreed to take part in the study, of these, 235

met the inclusion and exclusion criteria mentioned as above. Of the

56 children who were not included, 23 children had disease duration

less than 1 year, 23 patients were above the age of 19 years, and 10

children had poorly controlled/untreated hypothyroidism. None of

the 235 children included in the study were on any lipid lowering or

antihypertensive medications (except for insulin and levothyroxine).

Using the formula n = z*z*P*(1-P)/d*d, where (z = 1.96 for 95% confi-

dence interval, p = prevalence based on previous studies, and d = preci-

sion), a sample size of 235 was adequate for a power of 0.8 at a

significance level of 0.05.14 The precision of the study was 0.06 with

95% confidence interval.

The study was approved by the Institutional Ethics Committee.

Parents provided written informed consent and children gave assent

for the study. For illiterate parents, the information was read out to

them in their native language. If they agreed to take part in the study,

then their signature or thumbprint was witnessed by an independent

witness, usually one of the senior members unrelated to the study

from the hospital. This study was conducted between October 2018

and March 2019.

2.2 | Clinical history and examination

Data on age of the subjects, age at onset of diabetes, duration of diabe-

tes, current medications, family and personal medical history, type of

insulin regimen, and total dose of insulin per day were collected using

standardized questionnaires by physicians. Medical history provided by

parents was verified from hospital medical records. Physical activity

data using validated activity questionnaires adapted for Indian children

were also collected by physicians.15 Tanner staging for sexual maturity

was performed by a pediatric endocrinologist.16,17 After at least

5 minutes rest, blood pressure (BP) was recorded in the sitting or supine

position and the cubital fossa was supported at the heart level. BP was

measured using a mercury sphygmomanometer, with appropriate sized

cuff. In case of a high reading, BP was measured again after 10 minutes

and also confirmed by another examiner. Systolic BP (SBP) and/or dia-

stolic BP (DBP) >90th percentile and <95th percentile was considered

as prehypertension and SBP and/or DBP >95th percentile were classi-

fied as hypertensive in children less than 18 years.18 In adults, BP read-

ings within the reference range were defined as SBP <120 mm Hg and

DBP <80 mm Hg, hypertension was defined at 140/90 mm Hg reading

and higher.19 BP percentiles were computed using the American Acad-

emy of Pediatrics (AAP, 2017) reference standards.20

2.3 | Anthropometry

Standing height using a portable stadiometer (Leicester Height Meter,

Child Growth Foundation, UK) was measured to the nearest millime-

ter and weight was measured using an electronic scale to the nearest

100 g. BMI was computed by dividing weight in kilograms by height in

meter square. Subsequently, the height, weight, and BMI were

converted to Z scores using Indian references.21 Using the above ref-

erence standards, BMI z-scores above 0.67 in girls and above 0.55 in

boys (23 adult equivalent BMI percentile) were considered as over-

weight and BMI z-score above 1.64 in girls and above 1.34 in boys

(27 adult equivalent BMI percentile) were considered as obese.21

2.4 | Biochemical measurements

Glycemic control was evaluated by measuring glycosylated hemoglo-

bin (HbA1C). A fasting blood sample (5 mL) was collected between

7:00 and 9:00 AM by a pediatric phlebotomist. HbA1C was measured

by high-performance liquid chromatography (HPLC, BIO-RAD, Ger-

many). Thyroid stimulating hormone concentrations (TSH) were mea-

sured by chemiluminescent microparticle immuno assay. The fasting

blood samples were then assessed for lipid profile (total cholesterol,

triglycerides [TG], and high-density lipoprotein-cholesterol [HDL-C])

using the enzymatic method and LDL-C concentrations were calcu-

lated by the Friedewald formula.22 Dyslipidemia was defined if one or

more of the following lipid parameters were abnormal; LDL-C

>100 mg/dL (>2.6 mmol/L), HDL-C <40 mg/dL (<1.1 mmol/L), total

cholesterol (TC) >200 mg/dL (>5.2 mmol/L), and TG >130 mg/dL

2 SHAH ET AL.



(>1.5 mmol/L) in children aged >10 years and 100 to 130 mg/dL (1.1-

1.5 mmol/L) in children <10 years.6,7,23

2.5 | Body composition

Body composition was assessed using Bioelectrical Impedance Ana-

lyzer (BIA), (Tanita Model BC-420MA) after a minimum of 3 hours of

fasting and voiding before measurements.24 BIA measures body com-

position as fat percentage, fat mass, fat free mass, total body water,

and bone mineral amount included in the entire bone (bone mass) by

measuring bioelectrical impedance in the standing position.

2.6 | Statistical analysis

All statistical analyses were carried out using the SPSS for Windows

software program, version 26 (SPSS, Chicago, IL). All outcome vari-

ables were tested for normality before performing statistical analyses.

Differences in means were tested using Student t test for parametric

data, Mann-Whitney U test for non-parametric data, and chi-square

test for categorical variables. For testing relationships between

dichotomous-dependent variables and continuous predictors, binary

logistic regression analysis was carried out. The dependent variables

in the models were dyslipidemia, abnormal TC, TG, LDL or HDL cho-

lesterol, whereas the independent variables were gender, disease

duration, duration of physical activity, blood pressure, pubertal status

using Tanner's staging, BMI z-scores, HbA1C, TSH concentrations, fat,

and fat free mass percentage assessed using BIA. P values < .05 were

considered as statistically significant.

3 | RESULTS

Of the 235 children studied, 114 (48.5%) were boys and 121 (51.5%)

were girls. The mean age of the children in the study group was

12.5 ± 3.9 years and the average duration of diabetes was

5.2 ± 3.3 years. The minimum and maximum age of the participants

involved in the study was 3 years and 18.9 years, respectively. The

age wise distribution of children was as follows: 63 (26.8%) children

were under the age of 10 years and 172 (73.2%) children were above

10 years. Of the 235 children, 123 (52.4%) children had disease dura-

tion of less than 5 years and the remaining 112 (47.6%) children had

disease duration greater than 5 years. The childrens' mean HbA1C

was 10.7 ± 1.9% (93 ± 21 mmol/mol). Of the 235 children, 170 (72%)

children were on basal bolus regimen and remaining 65 (28%) children

were on split mix or modified split mix regimen (split mix regimen plus

one short acting insulin at lunch). The mean total insulin requirement

in our cohort was 1.1 ± 0.3 units/kg/day. Seventy two (30.6%) chil-

dren were prepubertal and the remaining 163 (69.4%) were in puberty

or had completed their puberty; 78 (33.2%) children were in puberty,

and 85 (36.2%) children were postpubertal. The number of obese and

overweight children in our study was 7 (3%) and 27 (11.5%),

respectively. The mean TSH of the study group was 1.46 ± 1.48 μIU/

mL, with 229 children having TSH below 5 μIU/mL and 6 children

having TSH between 5 and 10 μIU/mL. Patients' demographics and

laboratory findings have been illustrated in Table 1.

The prevalence of dyslipidemia in our cohort of children with type

1 diabetes was 47.2%. The most frequent lipid abnormality was high

LDL (>2.6 mmol/L) seen in 82 children (34.9%) followed by hypercho-

lesterolemia (>5.2 mmol/L) which was seen in 29 children (12.3%).

Abnormal HDL (<1.1 mmol/L) and hypertriglyceridemia (>1.5 mmol/L

in children >10 years and 1.1-1.5 mmol/L in children <10 years) were

seen in 29 children (12.3%) and 25 (10.6%) children, respectively. Out

of the 111 children having dyslipidemia, 68 (28.9%) children had only

one lipid abnormality, 33 (14%) children had two abnormal lipid

parameters, and 10 (4.2%) children had three or more lipid abnormali-

ties. In addition, if abnormal LDL cutoff was considered as >130 mg/

dL (> 3.4 mmol/L), then the number of children having abnormal LDL

was 24 (10.2%) and the number of children having dyslipidemia

dropped to 73 (31.1%).25 Nine children had LDL >160 mg/dL

(>4.1 mmol/L) in our study group. The relationship between dys-

lipidemia and clinical/laboratory findings has been listed in Table 2.

Children having dyslipidemia were shorter, had higher systolic BP,

higher TSH, and poor glycemic control as compared to children not

having dyslipidemia (P < .05). No significant differences either due to

gender or puberty were seen among the two groups.

All children were assessed for dyslipidemia. As per the current

screening guidelines, children older than 10 years need to be screened

for dyslipidemia.6,7 Of the study group, 172 children were over

10 years of age, of which 83 (48.3%) children had dyslipidemia. Sixty

three children were less than 10 years old, of these, 28 (44.4%) had

dyslipidemia, which constitutes 11.9% of the total study group.

Binary logistic regression model indicated that TSH concentration

was a significant predictor of likelihood of dyslipidemia, abnormal LDL

profile, hypercholesterolemia, and hypertriglyceridemia (P < .05)

(Table 3). When the six children having TSH between 5 and 10 μIU/

mL were excluded from the analysis, except for high TC prediction,

similar results were obtained in terms of prediction of dyslipidemia,

abnormal LDL profile, and hypertriglyceridemia as above (P < .05).

HbA1C was an important predictor of hypertriglyceridemia (P < .05).

In addition, HbA1C was also a predictor of dyslipidemia but did not

reach statistical significance. Conversely, body fat percentage was a

significant predictor of likelihood of high total cholesterol and abnor-

mal HDL (P < .05). Overall, the percentage of correct prediction by

the models as to whether the children in the study were having or not

having a lipid abnormality (dyslipidemia, abnormal LDL, abnormal TC,

abnormal TG, or abnormal HDL) was high. The correct prediction of

children having dyslipidemia or not and similarly for LDL, TC, TG, and

HDL was 68.1%, 68.1%, 89.7%, 89.2%, and 86.9%, respectively.

4 | DISCUSSION

Our cross-sectional study in underprivileged Indian children and youth

with poorly controlled type 1 diabetes showed the prevalence of
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TABLE 1 Demographic data of the children with type 1 diabetes

Total Boys (n = 114) Girls (n = 121) P value

Age (y) 12.5 ± 3.9 12.7 ± 3.8 12.4 ± 4.1 NS

Disease duration (y) 5.2 ± 3.3 5.5 ± 3.6 4.9 ± 3.1 NS

Height Z scores −0.7 ± 1.1 −0.7 ± 1.1 −0.7 ± 1.1 NS

Weight Z scores −0.6 ± 1.0 −0.7 ± 0.9 −0.5 ± 1.1 NS

BMI Z scores* −0.4 ± 0.9 −0.5 ± 0.9 −0.2 ± 1.0 .022

Systolic BP percentile 61.4 ± 26.9 61.1 ± 27.8 61.7 ± 26.0 NS

Diastolic BP percentile 75.4 ± 19.4 76.1 ± 18.9 74.8 ± 20.0 NS

HbA1C (%) or (mmol/mol) 10.7 ± 1.9 (93 ± 21) 10.7 ± 1.9 (93.8 ± 20.5) 10.7 ± 2.0 (93.1 ± 21.9) NS

TSH (mIU/L) 1.46 ± 1.48 1.49 ± 1.50 1.43 ± 1.47 NS

Total cholesterol (mmol/L) 4.1 ± 1.0 4.0 ± 1.0 4.1 ± 0.9 NS

Triglycerides (mmol/L) 0.8 ± 0.4 0.8 ± 0.5 0.8 ± 0.4 NS

LDL cholesterol (mmol/L) 2.3 ± 0.9 2.2 ± 0.9 2.4 ± 0.9 NS

HDL cholesterol (mmol/L) 1.3 ± 0.2 1.3 ± 0.2 1.3 ± 0.2 NS

Insulin (units/kg/day) 1.1 ± 0.3 1.1 ± 0.3 1.1 ± 0.3 NS

Physical activity (min) 64.8 ± 45.6 63.6 ± 42.6 66.0 ± 48.4 NS

Fat (%)* 18.1 ± 9.8 13.0 ± 7.6 23.0 ± 9.2 .000

Fat free mass (%)* 81.9 ± 9.8 87.0 ± 7.6 77 ± 9.2 .000

Note: All normal variables are mentioned as mean ± SD, all non-normal variables are expressed as medians ± inter-quartile range.

Abbreviations: BMI, body mass index; BP, blood pressure; HbA1C, glycated haemoglobin; HDL, high-density cholesterol; LDL, low-density cholesterol; NS,

not significant; TSH, thyroid stimulating hormone.

*P < .05.

TABLE 2 Association between
dyslipidemia and clinical/laboratory
findings

Dyslipidemia (n = 111) No dyslipidemia (n = 124) P value

Age (y) 12.9 ± 3.9 12.2 ± 3.9 NS

Disease duration (y) 5.2 ± 3.5 5.2 ± 3.3 NS

Height Z score* −0.9 ± 1.1 −0.6 ± 1.1 .019

Weight Z score −0.7 ± 1.0 −0.6 ± 1.0 NS

BMI Z score −0.3 ± 0.9 −0.5 ± 0.9 NS

Systolic BP percentile* 65.3 ± 26.4 57.9 ± 26.9 .039

Diastolic BP percentile 77.5 ± 18.9 73.5 ± 19.8 NS

HbA1C (%)* or(mmol/mol) 11.0 ± 2.1 (97.0 ± 23.0) 10.4 ± 1.7 (90.2 ± 19.0) .015

TSH (mIU/L) 1.66 ± 1.68 1.28 ± 1.25 .049

Total cholesterol (mmol/L)* 4.6 ± 1.0 3.6 ± 0.6 .000

Triglycerides (mmol/L)* 0.9 ± 0.6 0.8 ± 0.4 .000

LDL cholesterol (mmol/L)* 2.8 ± 0.9 1.8 ± 0.6 .000

HDL cholesterol (mmol/L)* 1.2 ± 0.3 1.3 ± 0.2 .012

Insulin (units/kg/day) 1.1 ± 0.3 1.1 ± 0.3 NS

Physical activity (min) 62.9 ± 41.1 66.6 ± 49.4 NS

Fat (%) 19.3 ± 10.2 17.1 ± 9.4 NS

Fat free mass (%) 80.7 ± 10.2 82.9 ± 9.4 NS

Note: All normal variables are mentioned as mean ± SD, all non-normal variables are expressed as median

± inter-quartile range.

Abbreviations: BMI, body mass index; BP, blood pressure; HbA1C, glycated haemoglobin; HDL, high-

density cholesterol; LDL, low-density cholesterol; NS, not significant; TSH, thyroid stimulating hormone.

*P < .05.
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dyslipidemia was around 47.2%; 11.9% children under 10 years had

an abnormal lipid profile. We also recognized certain modifiable fac-

tors, such as HbA1C, TSH concentrations, and body fat percentage, as

independent predictors of derangements in lipid profile in our study

population.

The prevalence of dyslipidemia in children with type 1 diabe-

tes has been documented in few large and several small cross-sec-

tional studies and a wide variation has been noted among the

different study populations.8,11,26-28 Such a wide variation could

be attributed to various factors, including differences in guidelines

or reference ranges used to define dyslipidemia. In a study con-

ducted in Brazil, dyslipidemia was defined as per the recommenda-

tions laid down by the Brazilian Society of Diabetes and the

prevalence was around 72.5%.11 The reference ranges used in the

above study had lower cutoffs for the various lipid parameters and

hence could be the reason for the high percentage of dyslipidemia.

On the other hand, the prevalence of dyslipidemia in studies con-

ducted in Turkey and Germany was found to be around 26.2% and

28.6%, respectively.8,26 The above studies used higher reference

ranges for defining dyslipidemia and this could be one of the rea-

sons for the low prevalence in these studies. Other important fac-

tors for such a wide variation in the prevalence of dyslipidemia

could be due to age of participants in the study, sedentary life-

styles of the participants, prevalence of obesity in the study group,

local dietary habits,11 associated risk factors like the prevalence of

smoking,8 and a degree of insulin resistance29 in the participant

group. No pediatric or adult studies, to the best of our knowledge,

from India have been conducted to determine the prevalence of

dyslipidemia in patients with type 1 diabetes. The only pediatric

study that we found from South Asia was conducted in Bangla-

desh and showed a prevalence of 65% which is very high as com-

pared to the prevalence of 47.2% in our study.27 This could be the

due to the different reference ranges used to define dyslipidemia

as well as the older age group of participants in the Bangladeshi

study. Similarly, a study in Lithuania reports a prevalence of

62.6%.28 Despite using similar cutoffs to define dyslipidemia, our

prevalence was lower as compared to the Lithuanian study possi-

bly because of the lower percentage of participants greater than

18 years (6% as compared to 33.2%) and lower percentage of

obese and overweight subjects (14.5% as compared to 23%).

There are only a handful of Indian pediatric studies on the preva-

lence of dyslipidemia and hypercholesterolemia in childhood. In a

study from Delhi, where 3076 normal school children (3-17 years)

were assessed, the prevalence of hypercholesterolemia and abnormal

LDL was 1.5% and 3.6%, respectively, which is very low as compared

to prevalence of 12.3% and 34.9%, respectively, in our study.30 Simi-

larly, in studies conducted by Gupta et al and Joshi et al on normal

school children in Jaipur and Pune, respectively, the overall prevalence

of hypercholesterolemia and hypertriglyceridemia was lower as com-

pared to the prevalence in our study.31,32 Thus, the overall prevalence

of dyslipidemia in poorly controlled children with type 1 diabetes

included in our study was considerably higher as compared to the

prevalence found in healthy Indian children.

An interesting finding of our study was the number of children with

dyslipidemia being missed (11.9%) if we had followed the American Dia-

betic Association guideline for screening for dyslipidemia in children

TABLE 3 Binary logistic regression to determine the predictors of dyslipidemia, abnormal LDL, hypercholestrolemia, hypertriglyceridemia,
and abnormal HDL

OR Wald Sig

95% CI for Exp (B)

Lower Upper

Model 1 dyslipidemia (Nagelkerke 0.140) HbA1C 1.149 3.137 0.077 0.985 1.339

TSH* 1.289 5.099 0.024 1.034 1.606

constant 0.006 8.970 0.003

Model 2 abnormal LDL (Nagelkerke 0.163) HbA1C 1.065 0.597 0.440 0.908 1.248

TSH* 1.264 4.885 0.027 1.027 1.557

constant 0.006 8.119 0.004

Model 3 abnormal total cholesterol (Nagelkerke 0.228) TSH* 1.299 4.403 0.036 1.017 1.658

Fat %* 1.056 4.355 0.037 1.003 1.112

constant 0.003 4.096 0.043

Model 4 abnormal triglycerides (Nagelkerke 0.236) HbA1C* 1.564 13.104 0.000 1.228 1.993

TSH* 1.332 4.834 0.028 1.032 1.719

constant 0.000 6.925 0.009

Model 5 abnormal HDL (Nagelkerke 0.204) Gender* 0.220 7.564 0.006 0.075 0.647

Fat %* 0.933 5.253 0.022 0.879 0.990

constant 0.003 4.883 0.027

Abbreviations: HbA1C, glycated haemoglobin; HDL, high-density cholesterol; LDL, low-density cholesterol; OR, odds ratio; TSH, thyroid stimulating

hormone.

*P < .05.
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with type 1 diabetes after 10 years of age.6 Similar findings have been

reported by other studies where, as high as 22.9% children with type 1

diabetes having dyslipidemia would have been missed if only children

above 10 years would have been screened.28 On the other hand, Inter-

national Society for Pediatric and Adolescent Diabetes (ISPAD) guide-

lines state that if there is family history of hypercholesterolemia,

premature cardiovascular disease or if family history is unknown, chil-

dren with type 1 diabetes may be screened as early as at 2 years of

age.7 Childhood dyslipidemia is known to track into adulthood and

increase the risk of cardiovascular disease and thus morbidity and mor-

tality.33 In addition to this, with cardiovascular disease being the most

frequent cause of death in Indian adults and premature mortality in

terms of years lost in India has gone up by 59% from 1993 to 2010,

there may be a need to screen children with type 1 diabetes early.34

Hence, in accordance with the ISPAD guidelines, which are followed in

Indian children with type 1 diabetes, these children particularly those

with poor control, may need to be screened earlier for dyslipidemia.

Our results suggest that glycemic control is an important modifi-

able risk factor that is associated with the development of dyslipidemia

as a whole as well as in the development of hypertriglyceridemia. These

findings are consistent with many cross sectional and longitudinal stud-

ies in children and adults with type 1 diabetes.28,35,36 Lipid abnormali-

ties are more prevalent in youth with poor or suboptimal glycemic

control as demonstrated by the SEARCH for diabetes in youth (SEA-

RCH) study.37 The SEARCH study also reported that total and LDL cho-

lesterol, TG and non-HDL cholesterol concentrations as also dense LDL

and apolipoprotein B concentrations increased with increasing A1C.

Similar findings were also seen in studies done by Marcovecchio et al

and Reh et al.38,39 Interestingly, TSH concentration was the other

important modifiable risk factor associated with the development of

dyslipidemia. This is consistent with the findings of other studies where

increasing cholesterol was associated with increased TSH concentra-

tions. In a study conducted by Denzer et al, when children with type 1

diabetes were grouped according to TSH specific quartiles, a stepwise

increase was noticed in TC and LDL-C concentrations.40

Another important modifiable risk factor identified in our study

was the body fat percentage. In a longitudinal analysis by Lipsky et al,

body fat percentage was associated with higher TG and LDL-C and

trunk fat mass was inversely associated with HDL.41 Similar finding of

fat mass percentage being an important predictor of non-HDL choles-

terol was reported by Maffeis et al.42 In our study, though body fat per-

centage was an important predictor of hypercholesterolemia and

abnormal HDL cholesterol, BMI of the children did not show any asso-

ciation with lipid parameters. Thus, in our study, in addition to poor gly-

cemic control and higher TSH, our results underline the significance of

adiposity, rather than overall physical size, in the development of dys-

lipidemia and cardiovascular disease. Finally, gender was an important

non-modifiable predictor for low HDL in our study. In a study, per-

formed by Homma et al significant differences were observed between

boys and girls in terms of overall dyslipidemia and abnormal LDL.11

Our study was limited by the lack of family history of early cardiovas-

cular disease and dyslipidemia and also a lack of assessment of the vari-

ous apolipoprotein concentrations and carotid artery intima media

thickness, which are both important predictors of CVD risk. Dietary his-

tory and measurement of waist circumference could not be elicited in all

the patients in our study and hence was not included in the final analysis.

Due to the cross-sectional nature of the study, lipid assessment was per-

formed only once during the study. More frequent assessments are

required to understand the trend or natural history of lipid profile in these

children. Also, as this was the first time lipids were assessed in these chil-

dren, we do not know if they previously had dyslipidemia or developed it

recently and whether dietary counseling would have helped these chil-

dren. In addition, as this was not a multi-centric study, the clinic popula-

tion may not be an overall representative of youth with type 1 diabetes

in India, but may very well portray a representation of the underprivileged

youth with type 1 diabetes in India. The strengths of our study are; ours

is one of the very few Indian/Asian studies to report dyslipidemia in

poorly controlled children with type 1 diabetes. Further, the inclusion of

data on physical activity, pubertal status, and TSH levels, which are all

known to influence lipid concentrations is also strength of the study.

In conclusion, nearly half of the underprivileged children and

youth with type 1 diabetes in our study were found to have lipid

abnormalities; one-tenth of the study participants who developed

dyslipidemia were under 10 years. Risk factors that lead to the devel-

opment of dyslipidemia include poor glycemic control, increased TSH

levels, and increased adiposity. Further longitudinal and large-scale

studies are required in underprivileged Indian children with type 1 dia-

betes to provide early identification and to assess the efficacy of bet-

ter glycemic control, dietary habits, and effect of lipid lowering agents

on the lipid profile in these children.
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