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Background. In South Africa, the prevalence of dyslipidaemia and hypertension (HT) in paediatric diabetes patients is unknown.
Objectives. To determine the prevalence of dyslipidaemia and HT in paediatric diabetic patients seen at Tygerberg Hospital (TBH) and
establish whether either is associated with body mass index (BMI), glycosylated haemoglobin (HbA1c) or duration of diabetes. Further, to
determine whether the prevalence differs between two specified periods.

Methods. A retrospective study of 154 diabetic patients, aged 1 - 19 years, seen at TBH between 2007 and 2017, was undertaken. The
following data were recorded: age; sex; duration of disease (time since diagnosis); height; weight; blood pressure; HbAlc; high-density
lipoprotein cholesterol (HDL-C); triglycerides (TG); and low-density lipoprotein cholesterol (LDL-C).

Results. More than half of the patients (57.8%; n=89/154; 95% confidence interval (CI) 51.7 - 65.0) had dyslipidaemia, 16.3% (n=24/147)
had low HDL-C levels, 53.8% (n=78/145) had high LDL-C levels and 14.9% (n=22/148) had raised TG levels. Nearly half of the patients
(48.7%; n=75/154; 95% CI 41.6 - 55.1) were hypertensive and 93.5% (n=144/154) were poorly controlled (HbAlc >7.5%). Dyslipidaemia was
not associated with HT or BMI percentile and its prevalence did not change between the two specified periods. Prevalence of dyslipidaemia
and HT was not associated with duration of diabetes. About one-third (30.8% (n=4/13); 95% CI 11.9 - 59.3) of the pre-adolescents and

60.3% (n=85/141; 95% CI 51.9 - 68.1) of the adolescents had dyslipidaemia (p=0.04). Dyslipidaemia was diagnosed in 62.6% (1n=82/131) of
adolescents with poorly controlled diabetes (p=0.04) and in 71.7% (95% CI 59.0 - 81.7) of patients =16 years of age (p=0.005).

Conclusions. Poor glycaemic control, dyslipidaemia and HT are common in diabetic children, putting them at risk of cardiovascular
complications in adulthood.
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Studies have reported that there has been an increase of 2 - 5%
in the annual incidence of type 1 diabetes (T1D) worldwide.!"
In the Western Cape Province of South Africa (SA), the incidence
of T1D is unknown, but is likely to be 5 new cases per 100 000."
The worldwide incidence of type 2 diabetes (T2D) in children and
adolescents ranges from 1 to 51 per 1 000.” There is no estimate for
SA, but its prevalence is likely to be on the increase.

The Diabetes Control and Complications Trial/Epidemiology
of Diabetes Intervention and Complications Cohort¥ (DCCT/
EDIC) has shown that poor glycaemic control is associated
with a potentially more atherogenic profile in adults. In this
trial, small very low-density lipoprotein (VLDL), small high-
density lipoprotein (HDL), medium low-density lipoprotein (LDL)
(women), small LDL (men) and LDL particle size were directly
correlated, while HDL particle size was negatively correlated,
to HbAlc levels. A 28.6% incidence of dyslipidaemia and an
8.1 % incidence of hypertension were reported in a study of 27 358
children, adolescents and young adults with T1D." In the UK,
mortality rates have been shown to be much higher and increase
earlier in T1D dyslipidaemic patients compared with non-diabetic
dyslipidaemic patients.!” The atherosclerotic process starts in
childhood as evidenced by intima-media thickness of the carotids
and aorta.”® Aortic fatty streaks and fibrous plaques in the
abdominal aorta and coronaries of young adults who died of
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suicide or homicide were associated with non-HDL cholesterol
(nonHDL-C), hypertension (HT), impaired glucose tolerance and
obesity, and inversely associated with HDL-C."*! Mild to moderate
hypertriglyceridaemia is known to be an independent risk factor
for cardiovascular disease in adults.!""! To the best of the authors’
knowledge, this link has not been established for the paediatric
age group. The 2018 guideline of the International Society of
Paediatric and Adolescent Diabetes (ISPAD) recommends that a
lipid profile should be done every 2 years and blood pressure (BP)
measured annually in all children older than 11 years who have had
diabetes for 2 - 5 years.!"! Screening should commence at 2 years
of age if there is a family history of hypercholesterolaemia, early
cardiovascular disease or if the family history is unknown.

In the Paediatric Diabetes Unit at Tygerberg Hospital (TBH)
the practice has been to monitor fasting lipid profiles annually in
all pre-pubertal diabetic children once they have been diagnosed
for 5 years, and in all pubertal diabetic children once they have
been diagnosed for 2 years. In a recently published paper"* from
the same unit, the introduction of a diabetes care team showed
a decrease in HbAlc variability, hospital admission and diabetic
ketoacidosis (DKA) rates. However, at 9.3%, the average HbAlc
of all children was still unacceptably high. Presumably, this is
associated with atherogenic lipid profiles and HT. A retrospective
analysis of the lipid and BP surveillance programme was therefore
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performed, firstly, to determine the prevalence of dyslipidaemia
and HT in paediatric diabetes patients seen at TBH; secondly,
to establish whether dyslipidaemia and HT were associated with
BMI, HbAlc and duration of disease; and thirdly, to determine
whether lipid abnormalities and HT did improve over time, by
comparing the first 5-year period (2007 - 2011) with the second
(2012 - 2017).

Methods

All children and adolescents with diabetes, aged 1 - 19 years, seen
at TBH between 2007 and 2017, were considered, but were only
included if the diabetes duration was >5 years in pre-pubertal
or 22 years in pubertal children. Pubertal assessment was done
clinically. The clinical records were reviewed, and the following
data collected: age; sex; weight; height; BP (measured with an
automated BP monitor); type of diabetes; HbAlc; fasting serum
total triglycerides; total cholesterol; HDL-C; and LDL-C. Only the
most out-of-range lipid profile (with associated data) was recorded.
Body mass index (BMI) percentiles (Centers for Disease Control
and Prevention (CDC) criteria) were computed. BP readings were
converted to percentiles.!*

Definitions

o Dyslipidaemia: serum LDL-C >2.6 mmol/L or HDL-C <1.1 mmol/L
or triglycerides (TG) >1.7mmol/L.™"™!

« Hypertension: systolic and/or diastolic BP >95th percentile for sex,
age and height percentile.!']

« Poor glycaemic control: HbAlc >7.5%.1%

o Overweight: BMI >85th percentile on the CDC chart.!"®!

o Obesity: BMI >95th percentile on the CDC chart. ['*!

o Adolescence: age >10 years.["”)

Statistical analysis

Descriptive statistics were calculated: means and standard deviations
for continuous variables; and frequencies and percentages for
categorical variables. Confidence intervals (CIs) (95%) were
calculated and reported where relevant. The univariate associations
between dyslipidaemia and HT and various demographic (age,
gender, period) and clinical characteristics (type of diabetes,
duration of disease, HT, BMI percentile and HbA1c) were evaluated
using chi-square tests. A multiple logistic regression model was used
to evaluate the effect of various risk factors on the probability of
dyslipidaemia adjusted for age and sex. This model was also used to
compare the 5-year periods (first 5 v. second 5 years) and to ensure
that the confounders of age, sex, BMI percentile, type of diabetes and
duration of diabetes were accounted for.

Ethical approval
Ethical approval was obtained from the Health Research Ethics
Committee at Stellenbosch University (HREC ref. no. S17/10/229).

Results

Dyslipidaemia

A total of 145 T1D and 9 T2D patients were included in the
study - all were adolescent and 8 of the 9 T2D patients were girls
(Table 1). Of these, 57.8% (n=89/154; 95% CI 51.7 - 65.0) were
dyslipidaemic. The prevalence of each respective lipid abnormality
is shown in Fig. 1. A total of 66.7% (n=6/9; 95% CI 33.1 - 90.0) of
the T2D patients presented with dyslipidaemia, and the respective
figure for T1D was 57.2% (n=83/145; 95% CI 49.0 - 65.1). The
prevalence was not significantly different between the diabetes
types (p=0.58).
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Table 1. Patient characteristics at time of study

n (%)*

8.14 (0.3 - 16.3)
14.5 (6.4 - 18.1)

Characteristic

Age at diagnosis (years), range
Age at time of study (years), range
Age category at time of study (years)

<10 13 (8.4)

=10 141 (91.5)
Sex

Male 63 (40.9)

Female 91 (59.9)
Duration of diabetes (years), range

<10 6.0 (5.0 -7.4)

=10 6.5(2.0-17.5)
Type of diabetes

TID 145 (94.1)

T2D 9(5.8)
HbA1lc (range) 10.8 (6.3 - 14)
Types of insulin therapy

Short-acting

Human soluble insulin 131 (86)

Rapid-acting insulin analogue 21 (14)
Longer-acting

NPH insulin 141 (93)

Long-acting insulin analogue 11(7)
Insulin pump 1(0.6)
Metformin use 8(5.2)
Lipid-lowering agents

Statins 5(3.3)

Fibrates 1(0.6)
Antihypertensive use' 2 (1.3)

T1D = type 1 diabetes; T2D = type 2 diabetes, NPH = neutral protamine Hagedorn.
*Unless otherwise specified.
"Enalapril plus amlodipine in both cases.

The majority (93.5%; n=144/154) of the children and adolescents
with diabetes had poor glycaemic control. No statistical difference in
lipid abnormality was seen between controlled or poorly controlled
glycaemic patients (p=0.07).

The prevalence of dyslipidaemia was 66.7% (n=12/18) in the
adolescents with more than 10 years of diabetic disease (Fig. 2)
compared with 64.8% (n=46/71) in the group with 6 - 10 years
of disease and 51.9% (n=27/52) in the group with up to 5 years
of disease (p=0.297). Of the poorly controlled adolescents, 62.6%
(n=82/131) had associated dyslipidaemia (p=0.04) and, of these,
40.0% (n=60/154) were =16 years of age and 71.7% of them
(n=43/60; 95% CI 60.9 - 81.7) were dyslipidaemic compared with
17 (28.3%; 95% CI 18.3 - 41.1) who were not (p=0.005).

There was no association between dyslipidaemia and BMI
percentile (p=0.43). Seventeen patients (11.0%) were obese, of which
11 (64.7%) had an abnormal lipid profile (p=0.55).

In the second 5-year period, more than half of the children
(54.8%) were dyslipidaemic (n=51/93; 95% CI 44.6 - 64.7) compared
with 62.3% (1n=38/61; 95% CI 49.5 - 73.5) in the first 5-year period
(p=0.85). Different children (comparable in terms of HbAlc and
BMI) were enrolled in each 5-year period.

Hypertension (HT)

Nearly half (48.7%; n=75/154; 95% CI 41.6 - 55.1) of the children
and adolescents with diabetes were hypertensive. Of the overweight/
obese diabetics, 63.6% (n=35/55; 95% CI 50.2 - 75.3) were
hypertensive compared with 36.4% (n=20/55; 95% CI 24.7 - 49.9) of
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Fig. 1. Prevalence of serum lipid abnormalities.
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Fig. 2. Prevalence of dyslipidaemia by duration of disease in adolescents (n=141).

those who were not overweight. Only 40.4% of diabetics of normal
weight had HT (1n=40/99; 95% CI 31.2 - 50.4), compared with 60.0%
(n=59/99; 95% CI 49.6 - 68.9) who had no HT (p=0.01 for all four
comparisons). More dyslipidaemic patients had HT than patients
without dyslipidaemia and HT (61.3% (1n=46/75; 95% CI1 49.8 - 71.7)
v. 45.6% (n=29/75; 95% CI 34.9 - 56.7), but the difference was not
significant (p=0.39). The prevalence of HT between the two 5-year
periods was 44.3% and 51.6%, respectively (p=0.37).

Discussion

Dyslipidaemia was seen in more than half of the children and
adolescents with diabetes attending the paediatric diabetes clinic
at TBH. Comparison of the present study with others is difficult
owing to considerable heterogeneity in age groups, diabetes
duration, BMI references and cut-offs, as well as lipid profiles. In
the UK, 38% of children and adolescents with diabetes had high
non-fasting LDL-C levels (>2.6 mmol/L) taken after a variable
time interval.'® In a German surveillance study, however, fasting-
elevated LDL-C (>3.4 mmol/L) was seen in 11%," while in a cross-
sectional study in the USA 48% of diabetic youth reported a high
fasting LDL-C (>2.6 mmol/L).""”) The last figure agrees with the
present study, in which 53.8% of participants had fasting LDL-C
levels of >2.6 mmol/L. Low HDL-C was seen in about 5% (HDL-
C <0.9 mmol/L) of German, 23.7% (HDL-C <1.1 mmol/L) of UK
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and 44% (HDL-C <1 mmol/L) of US children and adolescents
with diabetes compared with a prevalence of 16.3% of low HDL-C
(HDL-C <1.2 mmol/L) in the current study. Thirty-nine percent
of the US patients had an elevated serum TG level compared with
14.9% in the current study. The UK and German studies did not
report TG values. The proportion of poorly controlled diabetics
in the current study is considerably higher compared with the
German study (93.5% v. 70%, respectively).”” This could explain
the higher prevalence of dyslipidaemia in the present study, since
a relationship between total cholesterol and HbAlc has previously
been demonstrated.!”!

The prevalence of dyslipidaemia was higher during adolescence,
particularly beyond 16 years of age, which corresponds with
Schwab et al.®! Surprisingly, BMI percentile, and hence overweight/
obesity, was not associated with dyslipidaemia. Obesity is, however,
one of the known risk factors for atherosclerosis in paediatric
diabetes.['*22!1 Overweight/obesity has also been shown to increase
in diabetic adolescents with advancing age.®™ The small sample
size of the current study is the most likely explanation for the
lack of association between adiposity and dyslipidaemia. The
lipid profiles of the patients in the second 5-year period tended
to be less abnormal compared with the first, but the prevalence
of dyslipidaemia was still unacceptably high. This, presumably,
attests to poor glycaemic control and inadequate nutritional
intervention which had not improved over the years. Duration of
diabetes, increasing age and the universally poor glycaemic control
(bar 6.5% of patients) compromise cardiovascular health of the
adolescent diabetic population at TBH.

Just under half of the children and adolescents with diabetes in
the study had HT, mirroring the prevalence of dyslipidaemia in this
patient population. Renal function was not recorded during this
study, but renal failure is unlikely to contribute to the high prevalence,
because very few participants had documented microalbuminuria.
In the German surveillance study, the prevalence of HT was a mere
10%.5! The lower prevalence was most likely related to a lower
prevalence of dyslipidaemia and obesity (7% v. 11% in the present
study), and indirectly related to glycaemic control. Technical factors
(e.g. using an automated BP monitor without manual confirmation)
and the documentation of a single reading (rather than three) may
have resulted in inflated cases of HT. As expected, more overweight/
obese children were hypertensive, and there was a trend of more
diabetics with an abnormal lipid profile having HT. Considerable
efforts must be made to both prevent (by better glycaemic control)
and treat HT. Notably, only a small number of patients were on
medication for HT or dyslipidaemia.

Study limitations

The major limitation of this study was the small sample size.
A multi-centre study may have provided results that could reach
more definitive conclusions. Secondly, the pre-adolescent age
group was particularly small, allowing for limited conclusions only.
Thirdly, the local lipid screening practice may have led to some cases
being missed, resulting in underreporting. Fourthly, nonHDL-C,
lipoprotein particle size, and lipoprotein (a)"*! were not routinely
measured, making the study less informative. Lastly, as with any
retrospective study, missing data, inadequate documentation, and
single BP measurements may have compromised the quality of
the data.

Conclusions and recommendations
The prevalence of dyslipidaemia and HT is unacceptably high in
children and adolescents with diabetes at TBH. Dyslipidaemia
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is most prevalent during adolescence, especially in adolescents
above 16 years of age. BMI percentile was not associated with
dyslipidaemia, but HT was more prevalent in overweight/obese
patients. Glycaemic control was poor in nearly all patients.
Dyslipidaemia, poor glycaemic control, and HT put these
paediatric diabetic patients at risk of cardiovascular complications
in adulthood. Efforts need to be intensified to manage these risk
factors. Although a diabetes management team was introduced
during the period of study, both the diabetes nurse educator and
the dietician have many other commitments, resulting in sub-
optimal care for children with diabetes. Funds should be made
available to employ both in the respective roles on a full-time basis.
Furthermore, a multi-centre study should be performed to confirm
whether the prevalence of dyslipidaemia and HT in adolescent
diabetics reported here is seen countrywide.
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