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Lipid Abnormalities During Acute Metabolic Complications  
of Diabetes in Japanese Diabetic Patients

Hidekatsu Yanaia, b, Sumie Moriyamaa

To the Editor

Severe hypertriglyceridemia and low high-density lipoprotein 
cholesterol (HDL-C) were observed in patients with diabetic 
ketosis (DK) and diabetic ketoacidosis (DKA) [1]. However, 
lipid abnormalities during acute metabolic complications of 
diabetes such as DKA, DK and hyperglycemic hyperosmolar 
syndrome (HHS) remain largely unknown.

We retrospectively studied serum lipid profiles in patients 
with DKA (n = 7), DK (n = 24) and HHS (n = 9). The study 
protocol was approved by the Ethics Committee of the Na-
tional Center for Global Health and Medicine, and the study 
was performed in accordance with the Declaration of Helsinki. 
The mean ± standard deviation (SD) of age, body height, body 
weight, body mass index (BMI), HbA1c in DKA, DK and 
HHS were 49.1 ± 9.2, 51.9 ± 14.1 and 60.4 ± 16.5 years, 167.2 
± 10.9, 166.8 ± 8.8 and 159.2 ± 8.3 cm, 71.1 ± 19.0, 70.7 ± 
21.1 and 62.5 ± 7.2 kg, 25.0 ± 4.7, 25.3 ± 6.6 and 24.7 ± 2.3 kg/
m2, 9.6 ± 4.9, 11.3 ± 4.2 and 10.8 ± 3.0%, respectively.

Serum triglyceride (TG) and HDL-C, plasma glucose 
(PG) and blood pH in DKA, DK and HHS were shown in Fig-
ure 1. Serum TG in patients with DKA which is induced by se-
vere insulin deficiency was the highest, and TG in HHS which 
commonly occurs in type 2 diabetes was the lowest. HDL-C 
in DKA was lower than that in DK. HDL-C was lower in the 
order of HHS, DKA, DK.

To elucidate what induces these lipid abnormalities, we 
studied correlation of TG, HDL-C with other metabolic pa-
rameters. Age, BMI and HbA1c were not correlated with either 
TG or HDL-C. PG was significantly and positively correlated 
with serum TG (r = 0.496, P = 0.001, by Pearson’s correlation). 
However, PG was not correlated with HDL-C. Blood pH re-
flects ketone body production by insulin deficiency, and blood 
pH was significantly and negatively correlated with serum TG 
(r = -0.533, P < 0.001) (Fig. 2), suggesting that severe insulin 
deficiency induced hypertriglyceridemia. However, blood pH 

was not correlated with serum HDL-C. In DKA/DK patients, 
serum TG was significantly and positively correlated with PG 
(r = 0.417, P = 0.007), and tended to be negatively correlated 
with blood pH (r = -0.376, P = 0.053), suggesting a signifi-
cant association between hypertriglyceridemia and insulin 
deficiency. In HHS patients, serum TG was significantly and 
positively correlated with PG (r = 0.842, P = 0.004); however, 
was not correlated with blood pH. Because insulin deficiency 
in HHS is milder than that in DKA and DK, hyperglycemia, 
not blood pH, may reflect insulin deficiency. Serum HDL-C 
was not correlated with PG and blood pH in both DKA/DK 
and HHS patients.

The DK/DKA patients have been reported to show a de-
crease in lipoprotein lipase (LPL), the rate-limiting enzyme for 
hydrolysis of TG in TG-rich lipoproteins such as chylomicron 
(CM), intermediate-density lipoprotein (IDL) and very low-
density lipoprotein (VLDL), which, after insulin therapy, was 
normalized with a concomitant normalization in serum TG [2]. 
The formation of HDL has been reported to be related to the 
LPL-mediated catabolism of TG-rich lipoproteins other than 
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Figure 1. Serum TG, PG and blood pH in patients with DKA, DK and 
HHS. Bars and error bars indicate mean and SD, respectively. TG: se-
rum triglyceride; PG: plasma glucose; DKA: diabetic ketoacidosis; DK: 
diabetic ketosis; HHS: hyperglycemic hyperosmolar syndrome.
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CM such as IDL and VLDL [3]. Serum TG was not correlated 
with serum HDL-C, and HDL-C was not associated with insu-
lin-deficient state such as blood pH and PG in present study. 
Under insulin-deficient state, VLDL may not be produced be-
cause free fatty acids as the material for VLDL become ketone 
bodies. During acute metabolic complications of diabetes, el-
evated CM may be the main cause of hypertriglyceridemia.

We have to mention the limitation of present study. The 
number of subjects was small. To elucidate our hypothesis, 
further studies, preferably with larger numbers of subjects, will 
be needed.

In conclusion, during acute metabolic complications of di-
abetes such as DKA, DK and HHS, hypertriglyceridemia may 
be induced by insulin deficiency.
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Figure 2. Correlation between serum triglyceride levels and blood pH.


