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Purpose: Ketosis-prone type 2 diabetes (KPT2D) is increasingly recognized in young
adults. However, the role of blood lipids in KPT2D, especially serum triglycerides (TGs),
is not yet clearly understood.

Patients and Methods: We retrospectively evaluated 409 young patients diagnosed with
KPT2D or classical type 2 diabetes (T2D) attending an academic tertiary hospital. Clinical
characteristics and laboratory findings were compared between KPT2D and T2D patients.
ANOVA or a non-parametric test analyses were used to evaluate differences in clinical
characteristics and laboratory findings. Multivariate regression analyses and stratified ana-
lyses were used to further investigate differences in serum TGs levels between KPT2D and
T2D individuals.

Results: KPT2D is a subtype of T2D with traits of overweight or obesity. However,
hyperglycemia and impaired B-cell functions were more severe in KPT2D patients. Serum
TGs levels were significantly higher (P = 0.0003) in KPT2D individuals. Furthermore, the
proportion of very high serum TGs levels was 6-fold higher (P < 0.0001) in KPT2D than in
T2D patients. Elevated serum TGs were associated with young KPT2D patients.
Conclusion: Lifestyle changes as well as lipid-lowering treatments might be effective in
lowering the incidence of ketosis as well as stabilizing disease progression.
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Introduction

Diabetic ketosis or ketoacidosis is a severe complication of diabetes usually
observed in individuals with type 1 diabetes (T1D) and is caused by
a deficiency of endogenous insulin. However, Winter et al first reported that the
prevalence of ketosis or ketoacidosis was becoming increasingly common in an
atypical form of type 2 diabetes (T2D) in 1987." Recently, youth-onset ketosis-
prone type 2 diabetes (KPT2D) has attracted increasing attention.”> Zhang et al
have reported 7.6% prevalence of KPT2D in young diabetic patients in China® and
Nagasaka et al reported approximately 10% in Japan.* KPT2D has been shown to
have better retention of B-cell functions compared to T1D, but exhibits stronger
insulin resistance and temporarily suppressed B-cell functions compared to the
classical T2D in our’ and other previous studies.®’ Similar to patients with T2D,
those with KPT2D are also likely to be overweight and have a strong family
history of diabetes.””’ Therefore, KPT2D has also been called the Flatbush,
idiopathic, or type 1.5 diabetes. It has been reported that glucotoxicity
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characterized by high levels of glycosylated hemoglobin
Alc (HbAlc) can suppress B-cell functions, resulting in
ketosis or ketoacidosis in individuals with KPT2D.’
However, few previous studies have systematically stu-
died serum triglycerides (TGs) levels in patients with
KPT2D. Several studies have also suggested higher
diabetes.>®

However, most of the study samples were relatively

serum triglycerides in  ketosis-prone
small and the distributions of serum TGs were not inves-
tigated. To better understand lipid metabolism in KPT2D,
we explored the similarities as well as differences in
clinical characteristics between patients with T2D and
KPT2D, especially with regard to serum TGs. We specu-
lated that elevated serum TGs might be an important
clinical characteristic of young individuals with KPT2D,
and therefore, this study might provide new insights and
potential approaches to treat KPT2D.

Patients and Methods

Subjects
This the
Endocrinology Department of Xin Hua Hospital affiliated

retrospective  study was conducted at
with Shanghai Jiao Tong University School of Medicine.
The study protocol was approved by the Ethics Committee
of the Xin Hua Hospital and a waiver of individual consent
was approved due to the retrospective nature of the study.
This study was conducted in accordance with the
Declaration of Helsinki. Patient data confidentiality was
maintained. All the enrolled patients with new-onset dia-
betes were between the ages of 12 and 40 years and were
hospitalized for medical treatment from Jan 2009 to
Oct 2020. A total of 409 cases (213 KPT2D and 196
T2D) were included in the analysis after excluding 56
cases. The exclusion criteria for this study were consistent
with our previous report.” Cases with T1D were excluded
due to dependence on insulin treatment, positivity for -
cell autoantibodies, and undetectable/low levels of plasma
C-peptide. The diagnosis of T2D was based on the
America Diabetes Association Guidelines of 2006, with
fasting plasma C-peptide > 0.33 nmol/L° and without
ketosis or ketoacidosis. The diagnostic criteria of KPT2D
were described previously.” Briefly, KPT2D patients were
new-onset T2D patients with unprovoked ketosis or dia-
betic ketoacidosis as the primary symptom.® All enrolled
patients (both KPT2D and T2D) were negative for islet
cell autoantibodies (ICAs), glutamate decarboxylase auto-
antibodies (GADs), and insulin autoantibodies (IAAs).

The anthropometric measurements and clinical data collec-
tions were consistent with previous research.’

Classification According to Serum

Triglyceride Levels

Based on the National Cholesterol Education Program
Adult Treatment Panel 111 criteria'® for serum TG levels,
patients were classified into four groups: normal (TGs <
1.7 mmol/L), borderline-high (TGs > 1.7 mmol/L and <
2.3 mmol/L), high (TGs > 2.3 mmol/L and < 5.6 mmol/L),
and very high (TGs > 5.6 mmol/L) groups.

Statistical Analysis

Data were analyzed using JMP 9.0 (SAS Institute). A two-
tailed P-value < 0.05 was considered statistically significant.
Normally distributed continuous variables are presented as
mean = SEM. Skewed variables have been presented as
median (interquartile range, IQR). The results of compari-
sons of data between the two groups were analyzed by
ANOVA or a non-parametric test. Pearson’s correlation
coefficients were calculated to investigate the relationship
between serum TGs and other variables. Multivariate regres-
sion analysis was used to assess differences in serum TGs by
adjusting variables. Stratified analyses were used to investi-
gate different levels of serum TGs. The non-normal distribu-
tions of continuous variables including serum TGs and
C-peptides were log-transformed for the analyses.

Results
The Characteristics and Anthropometric

Features of Subjects

The characteristics of the KPT2D and T2D groups are
shown in Table 1. The individuals in the KPT2D group
were significantly younger at presentation (29 + 0.5 years)
than those in the T2D (33 £ 0.5 years) group (P < 0.0001).
The KPT2D group had a higher proportion of males (87%)
than the traditional T2D (73%) group (P = 0.0004). Most
patients with new-onset KPT2D presented symptoms
abruptly, with an average of 2.5 + 0.3 months of polyuria,
polydipsia, and weight loss. The body mass index (BMI)
was similar in KPT2D (28.9 + 0.3 kg/m?) and T2D groups
(28.0 £ 0.3 kg/m*, P = NS). Up to 60% of patients with
KPT2D had a family history of T2D.

Laboratory Findings of Subjects
The laboratory results are shown in Table 2. The KPT2D
group had higher levels of fasting plasma glucose (FPG) (P <
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Table 1 Anthropometric and Clinical Features of KPT2D and T2D Subjects

KPT2D T2D P P Adjusted
Subjects (n) 213 196 - -
Age (yr) 29 £ 05 33+£05 <0.0001 -
Gender (male %) 87 73 0.0004 -
Duration (months) 25+03 8.1 £06 <0.0001 <0.0001
Diabetic family history (%) 60 58 0.76 0.25
Height (cm) 174 + 0.6 171 £ 0.6 0.0006 0.37
Weight (kg) 88 x I.I 82 % |.1 0.0002 0.02
Body mass index (kg/m?) 289 £ 0.3 28.0 + 0.3 0.06 0.10
Waist circumference (cm) 101 £ 1.0 97 £ 0.9 0.004 0.01
Hip circumference (cm) 104 £ 1.0 100 + 0.9 0.002 0.005
Waist and hip ratio 0.96 = 0.0l 0.90 + 0.02 0.32 0.41
Systolic pressure (mmHg) 131 £2.0 128 + 2.1 0.25 0.37
Diastolic pressure (mmHg) 82+ 1.2 78 £ 1.3 0.6l 0.89

Notes: Values are presented with means + SEM or %. P: KPT2D versus T2D. P adjusted: KPT2D versus T2D adjusted by age and sex.
Abbreviations: KPT2D, ketosis-prone type 2 diabetes; T2D, type 2 diabetes with ketosis.

Table 2 The Laboratory Results of the KPT2D and T2D Subjects

KPT2D T2D P P Adjusted
Glucose
Fasting glucose (mmol/L) 133 +£0.2 9.1 £02 <0.0001 <0.0001
Postprandial 2-h glucose (mmol/L) 20.1 £ 0.3 13.9 £0.3 <0.0001 <0.0001
Hemoglobin Alc (%) 12.0 £ 0.1 9.8 £ 0.1 <0.0001 <0.0001
Fasting C-peptide (nmol/L) 0.53 (0.40-0.76) 0.71 (0.54-1.1) <0.0001 <0.0001
Postprandial 2-h C-peptide (nmol/L) 0.79 (0.56-1.24) 1.80 (1.18-2.41) <0.0001 <0.0001
A C-peptide (nmol/L) 0.26 (0.08-0.57) 0.98 (0.46—1.50) <0.0001 <0.0001
Lipids
Serum triglycerides (mmol/L) 2.31 (1.574.72) 1.89 (1.33-3.36) <0.0001 0.0003
Serum total cholesterols (mmolL) 52 0.1 49 = 0.1 0.02 0.05
HDL-cholesterol (mmolL) 1.06 + 0.02 1.13 £ 0.02 0.02 0.08
LDL-cholesterol (mmo/L) 291 £ 0.06 2.71 £ 0.05 0.02 0.22
Liver enzymes
Alanine aminotransferase (U/L) 63.1 £38 535+ 40 0.08 0.44
Aspartate aminotransferase (U/L) 435 +28 343+29 0.02 0.15
Renal function
Serum creatinine (umol/L) 815+ 12 798+ 1.2 0.08 0.44
Serum uric acid (umol/L) 377 £ 9 360 + 9 0.17 0.54

Notes: Values are presented with means + SEM, %. Serum TGs and C-peptides have been presented as median (interquartile range, IQR). P: KPT2D versus T2D. P adjusted:
KPT2D versus T2D adjusted by age and sex.
Abbreviations: KPT2D, ketosis-prone type 2 diabetes; T2D, type 2 diabetes with ketosis.
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Table 3 Pearson’s Correlation Coefficients Between the Serum
Triglycerides and a Variety of Parameters

v 95% 95% P
LCI ucCli

Age —0.04 | —0.18 0.09 0.53
Sex 0.15 0.05 0.24 0.003
Body mass index 0.20 0.09 0.29 0.0002
Hemoglobin Alc 0.09 —0.004 0.19 0.06
Serum total cholesterols | 0.53 0.45 0.59 <0.0001
HDL cholesterols —0.04 | —0.06 0.14 0.39
LDL cholesterols 0.06 —-0.16 0.03 0.20

Notes: y: Pearson correlation coefficient; P: serum triglycerides versus variables.
Abbreviations: LCL, lower confidence interval for difference; UCL, upper con-
fidence interval for difference.

0.0001) and postprandial 2-h plasma glucose (2-h PG)
(P <=0.0001) when compared with the T2D group. The
HbAlc levels in patients with KPT2D and T2D were 12.0
+ 0.1% and 9.8 + 0.1%, respectively (P < 0.0001).
Conversely, compared to the T2D group, the KPT2D group
had lower levels of C-peptide (P < 0.0001) and 2-h C-peptide
(P <0.0001). The KPT2D group had higher levels of serum
TGs compared to the T2D group, 2.31 (1.57-4.72) vs 1.89
(1.33-3.36) mmol/L, respectively, P = 0.0003. The levels of
serum total cholesterols (TCs) were borderline higher (P =
0.05) in the KPT2D group than in the T2D group. The levels
of HDL-cholesterol (HDL-C), and LDL-cholesterol (LDL-C)
were not significantly different between the two groups (P =
NS) following adjustment by sex and age.

Correlations of Serum TGs with Other

Variables

Table 3 reports the Pearson’s correlation coefficients
between the serum TGs and a variety of parameters,
including age, sex, BMI, HbAlc, serum TCs, HDL-C,
and LDL-C. Among which, sex (y = 0.15, P = 0.003),
BMI (y = 0.20, P =0.0002), and serum TCs levels (y =
0.53, P < 0.0001) correlated positively with serum TGs;
whereas, age, HbAlc, HDL-C, and LDL-C were not sig-
nificantly correlated with serum TGs. Taking into consid-
eration of all the significantly correlated variables (sex,
BMI, and serum TCs), we performed multivariate regres-
sion analyses. The differences in serum TGs between the
two groups remained significant (P = 0.01) after
adjustment.

Stratified Analysis of Serum TGs Level
Based on the National Cholesterol Education Program
Adult Treatment Panel III criteria'® for serum TGs levels,
we investigated the distribution of serum TGs in the two
groups shown in Figure 1. The prevalence of patients with
normal serum TGs levels was lower (P = 0.019) in the
KPT2D group (30.2%) than in the T2D group (41.3%).
Meanwhile, the prevalence of patients with very high
levels of serum TGs was 6-fold higher (P < 0.0001) in
the KPT2D group (22.2%) than in the T2D group (3.6%).
Twenty-one subjects in the KPT2D group (9.9%) com-
pared to none in the T2D group had serum TGs levels >
11.2 mmol/L. Furthermore, six subjects (2.8%) in the
KPT2D group compared with only one subject (0.5%) in
T2D group experienced hypertriglyceridemia-induced
acute pancreatitis (clinical assessment) (Figure 2).

The Correlation of Blood Glucose and
C-Peptide with Serum TGs

Figure 3 shows blood glucose and C-peptide concentra-
tions for different levels of serum TGs levels in all
enrolled subjects. Compared with individuals in the nor-
mal group, fasting glucose concentrations were signifi-
cantly higher in the high (P = 0.003) and very high (P <
0.0001) TGs groups. Both the postprandial 2-h glucose
concentrations (P < 0.0001) and the HbAlc levels (P =
0.0008) were higher in the very high TGs group than in the
normal TGs group. The fasting C-peptide levels were
higher in all the hypertriglyceridemia groups than in the
normal group. The postprandial 2-h C-peptide levels were
higher (P = 0.03) in the borderline-high TG group,
although no significant difference was observed between
the high and very high TGs groups. The AC-peptide
(2-h C-peptide level minus fasting C-peptide level) was
lowest in the very high TGs group (P = 0.04), demonstrat-
ing a significant depression of B-cell functions in indivi-
duals of this group.

Discussion

In this study, we compared the characteristics of 409
young individuals at the onset of KPT2D and T2D.
Consistent with previous studies, KPT2D was predomi-
nant in male individuals and the prevalence was seven
times higher in men compared to women.>'" Though the
significance of this sex-based difference is unknown, the
underlying causes could be related to body fat distribution,
hormonal factors, and changes in insulin sensitivity.>'' We
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Figure | The distribution of serum triglyceride levels in the two groups.
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Figure 2 The prevalence of hypertriglyceridemia-induced acute pancreatitis in the
two groups.

also found that the onset age for KPT2D was lower than
that for T2D. Additionally, KPT2D has also been increas-
ingly reported in the pediatric population.®'?

Variables related to elevated glucose levels such as HbAlc,
FPG, and 2-h PG were significantly higher in patients with
KPT2D than in those with classical T2D. Meanwhile, fasting
and 2-h C-peptide concentrations, as well as the AC-peptide,
were lower in the KPT2D group, indicating that basic and
postprandial insulin secretion were more depressed in this
group compared to the T2D group. These results were con-
sistent with previous reports,” and a possible explanation could
be that B-cell functions are more severely impaired in patients
with KPT2D at the onset of the disease because of more severe

glucotoxicity. >

As for the effects of lipotoxicity on KPT2D, previous
findings have been inconsistent. In vitro studies have shown
that prolonged exposure of rat'* and human'? islets to free fatty
acids leads to a decrease in glucose-stimulated insulin secre-
tion. However, findings from human studies have been
contradictory.'®'® Umpierreza et al'® have reported that intra-
lipid infusion for 48 hours in patients with KPT2D was not
associated with B-cell decompensation. Zhang et al’ and
Lontchi-Yimagou et al® have also suggested higher serum
TGs in ketosis-prone diabetes. However, most of their study
samples were relatively small and without controlled variables,
furthermore, the distribution of serum TGs was not deter-
mined. In order to better understand the role of serum TGs in
KPT2D, we studied serum TGs by comparing KPT2D with
T2D individuals. The serum TGs were significantly higher in
the KPT2D individuals as revealed by multivariate regression
analyses. Furthermore, by stratified analyses, we determined
that differences in serum TGs were mainly in decreased pre-
valence of normal (TGs < 1.7 mmol/L) and elevated preva-
lence of very high (TGs > 5.6 mmol/L) groups in KPT2D than
T2D individuals, respectively. We found that very high serum
TGs levels were 6-fold higher in KPT2D than T2D individuals,
and nearly one-tenth of KPT2D individuals had serum TGs
levels > 11.2 mmol/L, which meant that KPT2D individuals
were more likely to have severe hypertriglyceridemia.
Accordingly, the occurrence of hypertriglyceridemia-induced
acute pancreatitis was significantly higher in KPT2D than T2D
individuals. Individuals in the very high TGs group also had
the highest glucose concentrations and markedly impaired -
cell functions. Thereby, the results indicated that glucotoxicity,
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Figure 3 The plasma glucose and C-peptide concentrations in different levels of serum triglycerides in all enrolled subjects.

together with lipotoxicity might cause insulin receptor insensi-
tivity and impairment of B-cell functions that ultimately
induced the dysfunction of insulin secretion, leading to keto-
genesis. However, the underlying mechanisms are not yet
understood. One explanation is that excess TG in the blood-
stream leads to the compromised capacity of systemic tissues
to metabolize glucose (insulin receptor insensitivity). Another
potential explanation is that lipotoxicity may inhibit insulin
gene expression'® partly via negative regulation of the tran-
scription factor pancreatic duodenum homeobox-1' or by
reducing the efficiency of proinsulin to insulin conversion
within p-cells. %!

Our results support the idea that serum TGs play an impor-
tant role in the onset of youth KPT2D. Very high levels of
serum TGs have been reported to associate with increased
pancreatitis®

and cardiovascular risks*® and our findings

revealed a substantially higher pancreatitis prevalence in
KPT2D than in classical T2D subjects. Further studies are
necessary to investigate the long-term cardiovascular risks in
these young patients. In addition, mechanistic studies are
required to determine whether the resulting hypertriglyceride-
mia was due to increased TGs production, reduced TGs cata-
bolism, or both. We believe that lifestyle changes as well as
lipid-lowering drugs may be beneficial in reducing the inci-
dence of ketosis as well as in stabilizing the progression of the
disease.

The present study has some limitations that should be
considered. First, as we focused on new-onset diabetes in
adolescents or young adults, our findings might not be applic-
able to other age groups or to those with long-standing diabetic
disease. Second, as an academic tertiary hospital, we enrolled
patients with relatively severe hyperglycemia. The average
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HbA Ic in patients with T2D and KPT2D was 9.8% and 12.0%,
respectively. Our conclusions, therefore, cannot be extrapo-
lated to outpatients with modest hyperglycemia. Finally, this
was a single center study with a relatively small number of
inpatients. Multi-center studies with larger sample sizes should
be performed in the future to further clarify the characteristics
of individuals with KPT2D.

In summary, we compared the clinical characteristics of
young patients with KPT2D and classical T2D. KPT2D is
a subtype of T2D characterized by the traits of overweight or
obesity, but presents more severe hyperglycemia and
impaired B-cell functions. In addition, we showed that ele-
vated serum TGs, and especially very high TG levels, are
also significantly associated with KPT2D in young indivi-
duals which were seldom considered in previous studies.
Both glucotoxicity and lipotoxicity might eventually lead
to the B-cell decompensation at the onset of KPT2D.
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