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Abstract
Objective To describe the prevalence and determinants of occurrence of dyslipidemia in children and adolescents with type 
1 diabetes mellitus (T1DM).
Methods A cross-sectional study was conducted in the diabetic clinic of a tertiary care referral hospital over two years. 
Subjects with T1DM aged 2–18 y had assessment of Lipid profile after 12 h of fasting. Glycemic control was assessed by 
glycosylated hemoglobin (HbA1C). Modifiable and nonmodifiable determining factors were assessed during clinic visit as per 
standard criteria. Body mass index (BMI) more than  23rd adult equivalent and  27th adult equivalent were considered as over-
weight and obesity, respectively. Lipid parameters were considered as abnormal if: Low density lipoprotein (LDL) > 100 mg/
dL, high density lipoprotein (HDL) < 40 mg/dL, triglycerides > 100 mg/dL (< 10 y) and > 130 mg/dL (> 10 y).
Results A total of 171 subjects (mean age: 11.8 ± 3.5 y, M:F = 75:96) were recruited during the study period. The mean 
fasting LDL level, HDL level, and triglyceride level observed in the study sample were 106.6 ± 26.9 mg/dL (62% abnormal), 
52.6 ± 14.3 mg/dL (9.4% abnormal), and 85.3 ± 39.4 mg/dL (10.5% abnormal), respectively; 115 (67.3%) of the subjects 
had at least one abnormality in the serum lipid profile. On multivariate analysis, HbA1C was the most significant factor in 
determining the occurrence of dyslipidemia (p < 0.05). HbA1C was 9.9 ± 1.6 in subjects with abnormal LDL versus 9.1 ± 1.5 
in those with normal LDL (p < 0.05).
Conclusion Prevalence of dyslipidemia in the study children and adolescents with T1DM was 67.3%. HbA1C remains the 
most important modifiable determinant of the occurrence of dyslipidemia.
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Introduction

Atherosclerosis resulting in cerebrovascular disease, coro-
nary vascular disease, and peripheral vascular disease is 
an important cause for mortality in adults with T1DM [1]. 
Overt cardiovascular disease is not encountered in chil-
dren, but subclinical disease is often present. Children with 
early cardiovascular changes are often known to track onto 
adulthood [2]. Globally, diabetes mellitus is emerging in 
an epidemic proportion. Type 1 diabetes mellitus (T1DM) 

accounts for 5%–10% of the total cases of diabetes world-
wide [3]. With the available data, type 1 diabetes mellitus 
(T1DM) has been rising at an average rate of 3%–4% per 
year in children and adolescents [4]. The Diabetes Atlas 
2017 estimates that there are 128,500 children and adoles-
cents with diabetes in India [5]. Three sets of prevalence 
data show 17.93 cases/100,000 children in Karnataka, 3.2 
cases/100,000 children in Chennai, and 10.2 cases/100,000 
children in Karnal (Haryana) [6]. Children and adolescents 
with T1DM are prone to develop microvascular and mac-
rovascular complications, and dyslipidemia is an important 
macrovascular complication of type 1 DM [7]. As the num-
ber of subjects with T1DM rise, the resulting increase in 
associated CVD has to be tackled by pediatricians and physi-
cians dealing with T1DM. Limited data regarding pathology 
suggest that inflammation is more prominent in patients with 
DM when compared with the general population [8], and 
those with T1DM in particular are affected. Studies reveal 
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that C-reactive protein is elevated within the first year of 
diagnosis of T1DM [9], and interleukin 6 and fibrinogen 
levels are high in individuals with an average disease dura-
tion of 2 y [10]. Elevated LDL-C is an established risk factor 
for cardiovascular disease (CVD) [11]. The American Dia-
betes Association (ADA) guidelines recommend screening 
for dyslipidemia in subjects beyond 10 y of age [12]. The 
International Society for Pediatric and Adolescent Diabetes 
(ISPAD) recommends screening lipid profile in children with 
T1DM after stabilization in children above 11 y or earlier in 
the presence of risk factors [7]. In the presence of risk fac-
tors like family history of atherosclerotic disease, screening 
can be commenced from 2 y of age [13]. Large population 
based studies from Europe and studies from Indian centers 
have demonstrated that there is a significant prevalence of 
cardiovascular risk factors including dyslipidemia in sub-
jects ≤ 10 y with T1DM [14, 15]. Studies have looked into 
subclinical cardiovascular abnormalities in children and ado-
lescents with various tools including: carotid intima media 
thickness, flow-mediated arterial dilatation, endothelial 
peripheral arterial tonometry, and arterial stiffness measured 
by pulse wave velocity [1]. Significant abnormalities have 
been observed in the first decade of onset of T1DM itself. 
Studies from various centers in developed and developing 
world have recognized the prevalence of dyslipidemia in 
this group of children [16–18]. However, there is paucity of 
data in this regard from South India. Hence, this study was 
conducted to identify the prevalence and determinants of 
dyslipidemia in children and adolescents with T1DM in an 
urban tertiary care hospital in South India.

Material and Methods

A cross-sectional study was conducted in the diabetic clinic 
of a tertiary care referral hospital in South India over a 
period of two years from 2019 to 2021. Children aged 2 y 
to 18 y who were diagnosed as type 1 DM were recruited. 
Children with type 1 DM with 1 y of diabetes duration were 
recruited. Subjects with celiac disease, untreated or uncon-
trolled hypothyroidism and eating disorder were excluded. 
Data on age of onset, chronological age, duration of diabe-
tes, sex, insulin regimen, and dose of insulin were collected 
from the parents by standard interview in the clinic by pri-
mary investigator (MS). Pattern of unhealthy food intake, 
frequency of physical activity and screen time were inter-
viewed in the clinic visit.

Anthropometric measures were recorded as per standard 
techniques [19–21]. A calibrated stadiometer was used to 
record the height. Without shoes or socks, the child would be 
standing with parallel feet on an even platform with the arms 
hanging by the sides. The head was held in the Frankfurt plane 
(lower border of eye orbit and the external canal of ear on the 

same horizontal plane), with the buttocks, heels and scapulae 
touching the rod. The head piece was lowered to the top of 
the head and height was measured. With light clothing, the 
weight of the children was recorded using a calibrated elec-
tronic weighing scale. The weight was recorded to the nearest 
50 g and height to the nearest 0.1 cm. Using a nonstretchable 
tape, waist circumference was recorded at the midpoint of the 
iliac crest and lower rib cage to the nearest 0.1 cm. During 
measurement, the children would be in the standing position 
in the end tidal expiration. A Harpenden skin-fold calliper was 
used to record the triceps skin-fold thickness (TSFT). A point 
was marked on the back of the arm between the acromion 
process of the scapula and the olecranon process of the ulna.

Body mass index (BMI) was calculated from the formula, 
BMI = Weight (kg)/Height  (m2). BMI more than  23rd adult 
equivalent and  27th adult equivalent were considered as over-
weight and obesity, respectively. Anthropometric measures 
were interpreted using appropriate references [19–23].

SMR assessments were accurately performed by MS and 
HKP after obtaining consent. The assessments were per-
formed on the girls with minimal clothing in complete pri-
vacy in the presence of a female staff nurse and the mother. 
Breast stage, pubic hair, testicular size, and penile size were 
classified into one of the five stages described by Tanner 
based on verbal and pictorial description. The assessments 
were performed on the boys with minimal clothing in com-
plete privacy in the presence of the father.

Blood pressure was recorded using an appropriate-sized 
cuff which covers two-third size of arm with the bladder 
encircling 40% of the arm circumference. Using the palpa-
tory method, systolic blood pressure (SBP) was recorded. 
After inflating to 20 mm Hg above the SBP measured, 
the stethoscope was placed medial to the biceps brachii 
tendon. Appearance of first Korotkoff sound and point of 
disappearance of Korotkoff sound were taken as SBP and 
diastolic blood pressure (DBP), respectively [24]. Blood 
pressure more than the  95th percentile was considered as 
hypertension. The study subjects were assessed for micro-
vascular complications: indirect ophthalmoscopy for fundus 
screening by trained pediatric ophthalmologist, and urinary 
albumin-to-creatinine ratio in first voided urine and nerv-
ous system examination by a single pediatrician (HKP) for 
peripheral neuropathy. Blood sample was collected after 12 h 
of fasting for glycosylated hemoglobin (to assess glycemic 
control) and lipid profile. HbA1C was estimated by immu-
noturbidimetry method (Roche diagnostics, COBAS Integra 
400 Plus). In lipid profile, total cholesterol and triglyceride 
were measured by cholesterol oxidase peroxidase method 
(CHOD-POD) and glycerol-3-phosphate oxidase peroxi-
dase (GPO-POD) method, respectively, and HDL and LDL 
were done by direct enzymatic method (Roche diagnostics, 
COBAS Integra 400 Plus). Lipid parameters were consid-
ered as abnormal if: LDL was > 100 mg/dL, HDL < 40 mg/
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dL, and triglycerides > 100 mg/dL and > 130 mg/dL in less 
than and more than 10 y, respectively [7, 13].

The study was approved by the institutional ethics com-
mittee. All eligible children were enrolled in the study after 
informed consent or assent obtained from the parents/study 
subjects as appropriate. Sample size was estimated using 
previous study [16] with a prevalence of dyslipidemia in 
type 1 diabetes mellitus of 72.5%, with a 95% confidence 
level and 7% absolute precision arrived was 171 children.

The basic characteristics were presented by descrip-
tive analysis as mean (standard deviation) or frequencies 
(%). Comparison of the qualitative variables of the groups 
were done using chi square test. Quantitative variables 
among the groups were compared using student independ-
ent t-test. The z scores were calculated using the formula: z 
score = X – mean/SD, where X is the measured value, SD is 
the standard deviation. A p value of ≤ 0.05 was considered 

statistically significant, and two-tailed tests were used for 
testing significance. Statistical analysis was carried out using 
the Statistical Package for Social Sciences (SPSS, version 
22) software. A multiple regression analysis was performed 
to determine the likely determinants of occurrence of dys-
lipidemia (abnormal LDL).

Results

During the study period, 175 children and adolescents with 
T1DM presented to the endocrine unit and among them 
171 satisfied the inclusion criteria and were recruited in 
to the study. The baseline data of the study population are 
described in Table 1. The mean fasting LDL level, HDL level 
and triglyceride level observed in the study sample were 
106.6 ± 26.9 mg/dL, 52.6 ± 14.3 mg/dL and 85.3 ± 39.4 mg/

Table 1  Baseline data of the 
study population (n = 171)

BMI Body mass index, BP Blood pressure, TSFT Triceps skin fold thickness

Chronological age 11.8 ± 3.5 y
Sex distribution (M:F) 75: 96
Diet Unhealthy foods frequently

Unhealthy food occasionally
No unhealthy food intake

29 (17%)
84 (49.1%)
58 (33.9%)

Screen time  ≤ 1 h
 > 1 h
No screen time

104 (60.8%)
33 (19.3%)
34 (19.9%)

Physical activity Nil
Occasional
Adequate

13 (7.6%)
65 (38%)
93 (54.4%)

Anthropometry Height
Height z score
Weight
Weight z scores
BMI (% overweight and obese)
Mean BMI z score
Waist circumference
Abnormal waist circumference
TSFT
Abnormal TSFT

141.8 ± 18.1 cm
 − 0.4 ± 1.7
38.6 ± 15.1 kg
 − 0.2 ± 1.3
18.5 ± 4.6 kg/m2 (28.7%)
 − 0.05 ± 1.0
70.4 ± 10.4 cm
46 (26.9%)
13.5 ± 3.8 mm
42 (24.6%)

Blood pressure Systolic BP
Diastolic BP
Elevated BP

101.5 ± 10.8 mm Hg
65.2 ± 7.3 mm Hg
3 (1.8%)

Tanners stage Pre pubertal
Pubertal

109 (63.7%)
62 (36.3%)

Duration of diabetes 4.5 ± 3.0 y
Insulin regimen Split mix regimen

Basal bolus regimen
7 (4.1%)
164 (95.9%)

Mean insulin dose (IU/kg/d) 1.0 ± 0.2
HbA1C 9.6 ± 1.6
Comorbid conditions Autoimmune hypothyroidism

Celiac disease
Addison disease

12 (7%)
0 (0%)
0 (0%)

Microvascular complications Microalbuminuria
Diabetic retinopathy
Peripheral vascular disease

5 (2.9%)
0 (0%)
0 (0%)
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dL, respectively. In the present study population, 106 (62%), 
16 (9.4%) and 18 (10.5)% had high LDL, low HDL and high 
triglycerides, respectively. In the present study population, 
115 (67.3%) subjects had at least one abnormality in the 
serum lipid profile.

It was observed that 46 out of 75 males (61.3%) had 
one abnormal lipid parameters versus 69 of the 96 females 
(71.9%), (p > 0.05). It was also observed that 35 (66%), 3 
(5.7%), 4 (7.5%) and 36 (67.9%) subjects aged less than 10 
y had abnormal LDL, abnormal triglycerides, low HDL and 
at least one abnormal lipid value, respectively. Among the 
subjects with elevated BMI (n = 49), 34 (69.4%), 5 (10.2%) 
and 1 (2%) of the subjects had an abnormality in serum 
LDL, Triglyceride and HDL value. Among the children with 
high LDL, high triglycerides and low HDL, 34 (32.1%), 5 
(27.8%) and 1 (6.2%) of the children had elevated BMI.

On univariate analysis, diabetic age and HbA1C were 
found to be factors that determine the occurrence of abnor-
mal LDL in subjects with type 1 diabetes mellitus. A mul-
tivariate regression analysis was performed to identify the 
independent factor determining the occurrence of abnormal 
LDL in the present study subjects. It was observed that 
HbA1C was the most independent factor in determining the 
onset of dyslipidemia (p < 0.05) (Table 2). A weak corre-
lation was observed between HbA1C and LDL (r = 0.22, 
p < 0.05) (Fig. 1). To further understand the relationship 
between dyslipidemia and HbA1C, the children were divided 
into two groups (children with normal LDL and children 
with abnormal LDL). It was observed that mean HbA1C was 
9.1 ± 1.5 in the former versus 9.9 ± 1.6 in the latter group 
(p < 0.05) (Fig. 2).

To further elucidate the relationship between HbA1C and 
dyslipidemia, tertiles of HbA1C were constructed and the 
percentage of children with abnormal LDL was computed. It 
was observed that the percentage of children with abnormal 
LDL increased across tertiles of HbA1C: 51.6%, 63%, and 
72.7% in tertile 1, 2, and 3, respectively.

On physical examination, none of the subjects had any 
obvious external markers of dyslipidemia like xanthoma 
or arcus juvenilis. The children with abnormal lipid profile 
were referred to a dietician, advised diet, restricting junk-
food intake and reducing screen time with increase in physi-
cal activity. None of the present study subjects were initiated 
on pharmacological therapy.

Discussion

As far as the authors know, this is the first South Indian 
study to describe the prevalence of dyslipidemia in children 
with T1DM. The prevalence of dyslipidemia, observed in 
the present study, of 67.3% is an eye-opener to pediatricians 
caring for subjects with T1DM to screen for these subjects 
early and initiate on lifestyle measures. This observation is 
in agreement with high prevalence reported from an Indian 
study of 47.2% and 65% reported from another South Asian 
center [15, 18]. It is noteworthy that the Indian study catered 
to a low socioeconomic population, whereas the authors 
cater to the middle income group.

Mean BMI z score in the present study of −0.05 ± 1.0 
is higher than −0.4 ± 0.9 observed in the Indian study [15] 
and a parallel higher prevalence of dyslipidemia; 28.7% of 
the present study subjects had elevated BMI. Improved gly-
cemic control from intensive insulin therapy is associated 
with weight gain and worsening of cardiovascular risk factor 
profile. Data from DCCT have demonstrated that subjects 
in the top quartile of weight gain had highest waist-to-hip 
ratio, proatherogenic lipid profile, and blood pressure [25]. 
The present study group is predominantly on intensive insu-
lin therapy. A high prevalence of overweight or obesity has 
been observed previously of 15.1% and 15.6% in subjects 
with type 1 diabetes mellitus [16, 26]. Obesity and metabolic 
syndrome in subjects with T1DM is said to be associated 
with increased visceral adiposity, blood pressure, adverse 

Table 2  Factors determining the occurrence of dyslipidemia in subjects with type 1 diabetes mellitus using multiple regression

BMI Body mass index, HbA1C Glycosylated hemoglobin

Model Unstandardized coefficients Standardized 
   coefficients

t Sig. 95.0% confidence interval for B

B Std. Error Beta Lower bound Upper bound

(Constant)  −.252 .294  −.855 .394  −.833 .330
Chronological age (in years) .006 .015 .046 .415 .678  −.024 .037
Diabetic age (in years) .020 .013 .126 1.522 .130  −.006 .046
BMI z score .027 .035 .061 .788 .432  −.041 .096
HbA1C .074 .023 .253 3.223 .002 .029 .120
Sex  −.003 .076  −.003  −.035 .972  −.153 .148
Pubertal status .001 .105 .001 .008 .994  −.207 .209
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lipoprotein changes, and insulin resistance [1]. Insulin resist-
ance appears to be an independent predictor of microangi-
opathy, left ventricular hypertrophy and diastolic dysfunc-
tion [25]. Thus, it is mandatory that pediatricians caring for 
subjects with T1DM should monitor BMI on the new IAP 
growth charts and identify abnormal BMI, early.

HbA1C has emerged as the single independent determi-
nant of occurrence of dyslipidemia in the present study. This 
is in agreement with various previous studies [16, 17]. Long-
term glycemic control has been observed to be a determi-
nant of occurrence of atherosclerotic plaques on ultrasound 
without symptoms of coronary vascular disease. Intensive 
insulin therapy has observed to be beneficial in improvement 
of cardiovascular events in subjects with childhood onset 
T1DM [27]. Few mechanisms have been proposed suggest-
ing a direct effect of hyperglycemia on gene transcription of 

coagulation factors due to hyperglycemia-induced oxidative 
stress, direct glycation of coagulation factors, altering their 
activity and loss of the endothelial glycocalyx layer. Insulin 
is a natural antagonist of platelet hyperactivity. It enhances 
endothelial generation of  PGI2 and NO and sensitizes the 
platelet to PGI [28]. Thus, the deficiency of insulin in T1DM 
on a long term, with the combination of poor glycemic con-
trol, dyslipidemia and dysfunctional coagulation cascade 
together may form a significant risk for dyslipidemia. The 
extent of atherosclerosis by intravascular ultrasound also 
correlated with HbA1C over 18 y of follow-up in the Oslo 
Study; a 1% increase in mean HbA1C was associated with 
a 6.4% increase in coronary vessel stenosis [29]. Thus, opti-
mization of glycemic control and maintenance of HbA1C in 
target range as recommended by ISPAD is the most important 
strategy for prevention of dyslipidemia. Limitations of the 
present study include: single-center data, lack of follow-up 
and lack of control group.

Conclusion

There is a significant prevalence of dyslipidemia in the pre-
sent sample of children and adolescents with type 1 DM 
(67.3%). Maintenance of good glycemic control remains the 
most important strategy to be adopted by pediatricians to 
prevent the occurrence of dyslipidemia.
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