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ABSTRACT
Keywords Diabetic ketoacidosis (DKA) is a life-threatening complication of type 1 diabetes
Diabetic Ketoacidosis, mellitus (T1DM). Although mild hypertriglyceridemia (HTG) is common in DKA, severe
Dyslipidemia, HTG (triglycerides >2000 mg/dL) is rare in pediatric patients and markedly increases the
Hypertriglyceridemia, risk of acute pancreatitis (AP). This report describes a unique case of new-onset TIDM
Pediatric. presenting with DKA and extreme dyslipidemia, highlighting management challenges.

An 11-year-old girl presented with fatigue, dehydration, and Kussmaul breathing.
Laboratory tests confirmed DKA (pH 7.01, blood glucose 490 mg/dL) and showed a
severely lipemic blood sample. Initial management included fluid resuscitation and an
intravenous insulin infusion. Although DKA resolved within 48 hours, triglyceride (TG)
levels surged from 1271 to 3967 mg/dL on the fourth day after reducing the intravenous
insulin infusion rate from 0.1 to 0.05 1U/kg/h, accompanied by mild abdominal pain. AP
was ruled out by ultrasound, and enzyme levels were normal. Management required
readjusting the insulin infusion rate and initiating oral lipid-lowering agents (fenofibrate,
rosuvastatin, and omega-3). TG levels normalized within 20 days, though low-density
lipoprotein (LDL) remained elevated, consistent with the beta shift phenomenon. A
significant family history of hyperlipidemia suggested a genetic predisposition. Severe
HTG is a critical complication of pediatric DKA that requires prompt recognition and
treatment. Intravenous insulin remains the primary treatment, but clinicians must
monitor for rebound lipid levels after acidosis resolves. Oral lipid-lowering therapies are
effective adjuncts, especially when plasmapheresis is unavailable. This case
emphasizes the need for individualized management and long-term lipid monitoring in
pediatric T1DM.

Introduction

Type 1 diabetes mellitus (T1DM) is a common endocrine disorder among children, characterized by acute insulin
deficiency [1, 2]. Diabetic ketoacidosis (DKA) is a potentially life-threatening complication of newly diagnosed or poorly
controlled diabetes mellitus and is the initial presentation of TIDM in 30-55% of cases [2-4]. Reported complications from
delayed or improper diagnosis and management of DKA include cerebral edema, acute pancreatitis (AP),
hypertriglyceridemia (HTG), pulmonary edema, peripheral venous thrombosis, and rhabdomyolysis [5]. Mild HTG is
frequently reported during the course of treatment for diabetes and diabetic ketoacidosis. However, severe HTG has been
reported in up to 8% of adults with DKA, while a limited number of cases have been reported in younger age groups [6].
HTG in younger age groups is defined as an increased fasting plasma TG concentration above the 95th percentile for age
and gender[7]. Severe HTGis defined as a TG level above 1000 mg/dL in adults and between 1000-1999 mg/dL in pediatric
age groups, and very severe HTG is>2000 mg/dL [8]. HTG can be primary, resulting from underlying genetic mutations, or
secondary to other disorders such as diabetes mellitus (DM), obesity, and medications (e.g., estrogen) [9, 10]. The most
commonly cited mechanism for HTG associated with DKA is increased lipid production and decreased clearance.
Increased secretion of free fatty acids (FFAs) and amino acids from adipocytes and muscles, along with elevated counter -
regulatory hormones, drives increased hepatic gluconeogenesis and glycogenolysis. Increased hepatic uptake of FFAs
leads to greater production of very low-density lipoprotein (VLDL), which causes HTG [11]. In addition, insulin deficiency in
DKA decreases lipoprotein lipase (LPL) activity, which is required for clearance of VLDL and chylomicrons from plasma.
After insulin administration, LPL is upregulated, leading to excessive conversion to LDL [12] It has been proposed that its
development might be worsened by a concurrent genetic tendency toward hyperlipidemia [13, 14] because LDL has a
longer half-life; it may persist even when triglycerides and VLDL have normalized. This is explained by the beta shift
phenomenon but remains poorly established [15, 16] This phenomenon is rarely reported in the pediatric age group [17,
18].

The incidence of severe HTG with DKA in the pediatric population is unknown, with limited reported cases in the literature
[6, 17-43]. Across all documented cases, prompt diagnosis and management are required to prevent the risk of acute
pancreatitis, a well-known and severe consequence of HTG. We report a presentation in an 11-year-old girl with DKA,
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severe HTG, hypercholesterolemia, and a beta-shift phenomenon. To our knowledge, this is the first case reported in the
region in a pediatric patient.

Case presentation

An 11-year-old girl presented with a one-day history of fatigue and lightheadedness. She was previously normal; she was
evaluated for celiac disease because of poor weight gain around 6 weeks before presentation and was normal. She
presented to the emergency room with Kussmaul breathing and pallor. She was drowsy but oriented, moderately to
severely dehydrated, and systemic examination was unremarkable apart from mild abdominal distension;
anthropometrics: weight 27 Kg, height 137 cm [3™ centile], BMI 15 [3™-15" centile]. She had cold extremities and wealk,
rapid pulses. Her vital signs were: heartrate (121 beats/min), respiratory rate (49 breaths/min), temperature (36.4 °C), and
blood pressure (110/79 mmHg). Her initial blood glucose was 490mg/dL by glucometer, and the urine dipstick showed
glucose (+4) and ketones (+3). The patient received a normal saline fluid bolus (20mU/kg) and was transferred to the PICU
for further management (Table 1).

In the PICU, her initial arterial blood gas (ABG) showed severe metabolic acidosis: pH 7.01, HCOS3 3.5 mmol/l, pC0213.7
mmHg, and anion gap 25.4 mmol/l. Routine blood investigations clearly showed a lipemic sample. (Figure 1-a) The
laboratory specialist could not process the lipemic sample, and most investigations were unreliable for assessing the
patient's overall condition.

The patient started on hydration therapy, and insulin infusion was initiated at 0.1 IU/kg/hour. The general condition
improved after 12 hours of insulin therapy, despite the ABG results. After 24 hours, blood analysis was performed; the
sample remained milky but had improved compared with the initial sample. (Figure 1-b, ¢c) TG 1271 (mg/dl), TC 1422
(mg/dl); the follow-up lipid profile results are shown in Figure 2.

(b) (c)
Figure 1. (a) Day-1 blood sample, (b) Day-2 blood sample, (c) Day-7 blood sample

On the third day of PICU admission, she complained of epigastric abdominal pain, mildly tender to palpation. Acute
pancreatitis (AP) was suspected, and she was evaluated with abdominal ultrasound, which showed no evidence of AP
and normal liver architecture. Serum amylase and lipase were initially normal: 6.8 U/l and 27.3 U/l, respectively. DKA
resolved, which was defined by resolution of metabolic acidosis and ketonuria; minimal oral feeding was allowed, and the
insulin infusion was decreased to 0.05 |U/kg/hour.

On the fourth day, laboratory evaluations showed a surge in the lipid profile: TG 3967 (mg/dl[normalrange <200mg/dl] Jand
TC 1018 (mg/dl[normalrange <200mg/dl] ). The insulin infusion was readjusted to 0.1 IU/kg/hour, and fluids were managed
with 5-10% glucose saline as required. The following day, TG declined to 2487 (mg/dl) and TC to 1235 (mg/dl), with clinical
improvementin abdominal pain. Antilipid medication was started on the fifth day with daily fenofibrate 67mg, rosuvastatin
10 mg, and omega-3 supplementation. The next day, SC insulin was started, and the patient was prepared for discharge.
The endocrinology team closely followed her. Review of the family history revealed a significant history of familial
hypertriglyceridemia, with an affected father and type 2 diabetes mellitus. After 20 days of follow-up, the lipid profile
results were TG (87.6 mg/dl), HDL (51.3 mg/dl[normal range = 35mg/dl] ), and VLDL (16.2 mg/dl), and the TC/HDL ratio was
26.4 (normal< 4.5),TC and LDL remained elevated at 558 mg/dland 478.3 mg/d|, respectively. We stopped fenofibrate and
continued on rosuvastatin 10 mg daily and omega-3 1000 mg. TC and LDL showed a declining trend at the next follow-up
investigations and returned to normal levels at 60 days of follow-up; TG (79.3 mg/dl), TC (113 mg/dl), LDL (65.6 mg/dl
[normal range 10-130 mg/dl] ), HDL (40.8 mg/dl), TC/HDL ratio (2.76), and she continued omega-3 daily dose only. She
reported no side effects of concern during her pharmacological therapy. Atthe lastfollow-up before thisreport (100 days),
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TG (100 mg/dl), TC (240 mg/dl), HDL (97.6 mg/dl), LDL (150 mg/dl), TC/HDL ratio (2.45), and HbA1c 6.8% (Figure 2). The
patient continued the same management plan, and the importance of proper glycemic control and diet was emphasized.
The family was counseled about genetic testing to exclude a genetic component as the cause of dyslipidemia, especially
with a positive family history; because of financial considerations, it was postponed.

4500

4000

pays| 1 2 3 4 5 B 7 12 20 31 60 100
——TG 1271 2723 3967 2487 2456 1261 345 876 8 793 100
—e—TC 1422 1260 1018 1235 1285 931 685 558 275 113 240

LDL 534 540 4783 280 656 150

Figure 2. The line graph shows lipid profile results.

Table 1. Inpatient laboratory values

Lab value Day 1 Day 2 Day3 Day 7 Reference value
PH 7.01 7.25 7.35 - 7.35-7.45
pCo2 13.7 16.2 35.8 - 35-45 mmHg
Hco3 3.6 7.02 19 - 22-26 mEq/L
glucose level 490 285 179 158 70-120 mg/dl
Hemoglobin - 23.5 19.5 12 11.0-14.0g/dL
Total leucocyte count - 10 4.1 6.29 4000-11000/pL
Absolute neutrophil count - 6.47 2.3 2.59 1500-8500/pL
Absolute lymphocyte count - 1.97 1.4 2.95 1500-7000/pL
150000-
Platelet - 210 230 360 350000/
creatinine - 1.75 0.74 0.34 0.3-1.1 mg/dl
Na 138 145 140 135 135-147 mmol/L
K 3.4 3 3.8 3.9 3.5-5.3 mmol/L
Cl - 114 - 108.6 95-110 mmol/L
serumurea 31 10 16.9 18 <50 mg/dl
S. amylase 6.8 - 37.6 12 25-115U/L
S. Lipase 27.3 - 14.8 13 8-78 U/L
ALT 288 404 163 82.3 <=31U/L
AST 1670 434 725 98.3 <=31U/L
Total Bilirubin - 1.2 0.12 0.7 0.22-1.20 mg/dL
Direct Bilirubin - 0.6 0.06 0.06 0.1-0.4 mg/dl
Total protein 8.8 - 5.1 6.3 6.6-8.7 g/dl
Serum albumin 5.8 - 5 4.6 3.6-5.1 g/dl
C-Reactive Protein 622 442 20 2 <5
Procalcitonin (PCT) 0.05 - - - <0.05 ng/mL
HbA1c 17 - - 13 <5.7%
Anti-GAD - - 26.9 - <101U/ml
anti-l1A2 - - 659 - <10 1U/ml
C-peptide - - 0.4 - 1.0-4.8 ng/ml
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TSH - - - 1.445 0.4-4.0mlU/L

FT4 - - - 11.95 10to23 pmol/L
Urine glucose +4 +3 + + Negative
Urine ketone +3 +1 Neg Neg Negative

Discussion

Hypertriglyceridemia is an uncommon complication of DKA in pediatric populations. Our case has one of the highest
reported TG levels in pediatric cases without AP. Detecting HTG in DKA is critical, given the risk of AP. One of the largest
retrospective cross-sectional studies found that 59% of documented cases of AP have an HTG > 2000 mg/dl in the adult
population [44]. There is no documented estimate of the incidence of severe HTG with AP in pediatric DKA; it has been
described in multiple reported cases in the literature. The occurrence of severe HTG with DKA has been reported in newly
diagnosed T1D [17-28, 30, 31, 33, 34, 36-42], known cases of T1D [6, 29, 32, 35, 43], or MODY [35], as thoroughly reviewed
in reported cases. Our patient presented with life-threatening DKA, severe HTG, and hypercholesterolemia as a
presentation of newly diagnosed T1D. She was treated with fluid hydration and an insulin infusion. Notably, after resolution
of metabolic acidosis and a decrease in the insulin infusion requirement, a subsequent peak in the lipid profile was
observed. As a result, the insulin infusion was readjusted until TG and TC levels plateaued. Similar cases have been
reported in the literature and require higher insulin infusion rates [17, 18, 25, 31, 40, 42].

Regarding insulin infusion duration, limited data exist on pediatric HTG treatment, whereas in adults with diabetes and
HTG, an average of 55.8 h of L.V. insulin infusion was needed to reduce TG to less than 500 mg/dL [45]. In reported pediatric
cases under 18 years of age, infusion time ranges from 14 h to 7 days. In our case, as with most reported instances, the
lipemic sample was the sole indicator of severe dyslipidemia. Routine screening of triglyceride (TG) levels at the time of
T1D presentation is not a standard practice, so the true prevalence of severe hypertriglyceridemia (HTG) in newly
diagnosed diabetes mellitus (DM) remains unknown. The AmericanDiabetes Association guidelines recommend obtaining
a lipid profile shortly after diagnosis and once glycemic control is achieved[46]. Across the cases we reviewed in the
literature and our case, we highlight the importance of prompt detection and treatment to prevent complications
associated with severe HTG. This evidence was supported by Richardson et al.[10], who conducted the largest
retrospective study on HTG, reviewing all causes of severe HTG in children aged 17 years or older (1999-2016). They
identified 124 cases of severe HTG, with approximately 19% linked to T1D and 15% associated with DKA [10].

Although our case did not develop AP, severe HTG required prompttreatment to prevent complications related to it. There
is no universal guideline for management of severe HTG associated with DKA. Still, all approaches agree that IV insulin
therapy and fluid resuscitation are the main options of treatment, as has been reported in all cases reviewed. Additional
interventions were required in the associated cases; for instance, plasmapheresis or exchange was needed in a limited
number of cases with a severe TG level of 16334 mg/d|, associated with AP, corneal cloudiness, and unresponsiveness to
the initial approach [22, 40].

As our case had mild abdominal pain and AP was ruled out, plasmapheresis was not an option for treatment. We started
oral lipid-lowering agents: fenofibrate, rosuvastatin, and Omega-3, which is similar to other reported cases [18, 29-32, 41]
but only one case combined a statin with fenofibrate. In our case, there is a significant family history of familial
hypertriglyceridemia (patient’s father and grandmother), which encouraged our decision to start a statin as part of the
approach. Macke et al. reported, among their case series, three cases with a positive family history of dyslipidemia: case
(A), a 16-year-old male treated with fenofibrate and omega-3; case (B), a 7-year-old boy; and case (E), a 5-year-old girl,
who did not receive any anti-lipid medication [18]. Our case report had no side effects from fenofibrate or statin therapy.
The statin therapy is well-tolerated and approved in the pediatric population [47] while fenofibrate is not routinely
approved for children and is generally considered an off-label treatment reserved for severe, refractory pediatric
hypertriglyceridemia > 400mg/dl[48]. Recently, a controlled trial showed fenofibrate as a safe and effective agent for TG-
lowering in the pediatric age group [49].

We think the timing of HTG normalization cannot be predicted and varies by case and treatment approach, ranging from
less than one day to several months. In our case, TG, VLDL, and HDL normalized at 20 days of treatment, but her total
cholesterol and low-density lipoprotein (LDL) were elevated slightly above normal levels after one and a half months of
stopping rosuvastatin. This course was described as a beta-shift phenomenon, but the exact mechanism of occurrence is
not fully understood [16]. This has been reported in pediatric cases in the published literature [17, 18]. In our case and in
previously reported cases, we emphasize that proper glycemic and nutritional control are the main goals for further follow-
up, although we cannot exclude genetic causes in our case.

We cannot overlook underlying genetic causes as contributors to HTG and treatment response. Genetic testing was not
available for most reported cases, including ours; only 4 of 33 cases reviewed had a documented genetic study. Kilimci et
al. [43] identified a heterozygous variant, p.Asn318Ser (NM_000237.3: c.953A>G), in the 6th exon of the LPL gene in their
reported patient, with conflicting pathogenicity (ClinGen: CA251887). Nocon-Bohusz et al. [26] detected a heterozygous
LPL gene variant (c.1018+34 A>G) in the presented case, whereas Park and Skala-Zaborowski reported no LPL gene
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pathogenic variants [35, 36] The data above suggest that most cases of diabetic lipemia result from a quantitative
deficiency of lipoprotein lipase secondary to insulin deficiency. In contrast, genetic mutations in LPL or its primary
cofactors play a smaller role in hypertriglyceridemia [14]. In our case, the normalization of triglyceride levels goes against
heritable dyslipidemia, although genetic testing is recommended because of a strong family history of dyslipidemia.

Conclusion

Severe hypertriglyceridemia (HTG) is a rare but serious complication of pediatric diabetic ketoacidosis (DKA) that can
cause acute pancreatitis. Our case showed that while initial insulin therapy and fluids are essential for DKA resolution,
careful monitoring and insulin adjustment are needed because lipid levels can fluctuate, especially after acidosis. With no
standard guidelines for pediatric HTG in DKA, management should be tailored, using intravenous insulin and fluids as
main treatments. Oral lipid-lowering drugs such as fenofibrate, rosuvastatin, and Omega-3 Fatty Acids proved effective in
our patient, especially given a family history of dyslipidemia, offering an alternative when plasmapheresis is unaffordable.
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