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SUMMARY

Diabetic ketoacidosis (DKA) has been considered a key clinical feature of Type 1 diabetes
mellitus; however, increasing evidence indicates that DKA is also a common feature of Type 2
diabetes (T2DM). Many cases of DKA develop under stressful conditions such as trauma or
infection but an increasing number of cases without precipitating cause have been reported in
children and adults with T2DM. Such patients present with severe hyperglycemia and ketosis as in
Type 1 diabetes mellitus but can discontinue insulin after a few months and maintain acceptable
glycemic control on diet or oral agents. This subtype of diabetes has been referred to as ketosis-
prone T2DM. In this article, we reviewed the literature on ketosis-prone T2DM and summarized
the epidemiology, putative pathophysiology and approaches to management.

Diabetic ketoacidosis (DKA) is characterized by the triad of uncontrolled hyperglycemia,
metabolic acidosis and increased total body ketone concentration. It is the most serious
hyperglycemic emergency in patients with Type 1 diabetes mellitus (TLDM) and Type 2
diabetes mellitus (T2DM). The metabolic crisis is responsible for more than 130,000
hospital admissions and 500,000 hospital days per year in the USA [1,2]. For decades, DKA
has been considered a key clinical feature of TIDM [3,4]; however, in recent years, an
increasing number of ketoacidosis cases without precipitating cause have been reported in
children and adults with T2DM [5-7]. At presentation, these patients have markedly
impaired insulin secretion and insulin action [7,8], but more than half of patients with
unprecipitated (no known secondary cause) DKA experience significant improvement in 8-
cell function and insulin sensitivity sufficient to allow discontinuation of insulin therapy
within a few months of follow-up [9,10]. Upon discontinuation of insulin, the period of
near-normoglycemic remission may last for a few months to several years [11-14]. This
clinical presentation has been reported primarily in African—Americans (AA) and Latinos
[6,7,9,15], but also in other minority ethnic groups [13,16—18]. This variant of T2DM has
been referred to in the literature as idiopathic TLDM, atypical diabetes, Flatbush diabetes,
diabetes Type 1% and more recently as ketosis-prone Type 2 diabetes mellitus (KPDM)
[8,10,19,20]. The aim of this article is to review current knowledge gained over the last five
decades regarding the overall prevalence, clinical presentation, pathogenesis and
management of KPDM.
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Historical background

In the late 1960s, Dodu reported that a cohort of adults in the tropics with DKA were able to
discontinue insulin therapy after a short period of time and remain in near-normoglycemic
remission for several months to years [21]. In 1987, Winters ef al. described this clinical
presentation in 12 young AAs where nearly 50% of the cohort were obese, 70% were male,
all lacked islet-cell autoantibodies (ICAs) and all patients had an insulin response to a
mixed-meal test that was intermediate to secretion in nondiabetic subjects and those with
T1DM [22]. In 1994, Banerji et al. described the occurrence of DKA in young, obese AAs
of Caribbean descent who resided in the Flatbush area of Brooklyn (NY, USA) [9]. These
patients had elevated serum C-peptide levels but negative ICAs or glutamic acid
decarboxylase (GAD) antibodies and were labeled as having ‘Flatbush diabetes’. Our
research group went on to demonstrate that the initial presentation of DKA in these patients
is usually unprovoked and responds well to high-dose insulin administration, which can later
be discontinued in the majority of patients [6]. Upon discontinuation of insulin, the period of
near-normoglycemic remission may last for a few months to several years and many of these
patients can be managed well with diet and oral hypoglycemic agents (OHAS) [6,8-10,23].

Prevalence

Recent data from the CDC show that from 1996 to 2006 there was a 35% increase in
hospital admissions due to DKA, with a portion of the 136,510 visits representing
admissions for DKA in patients with KPDM [101]. It was initially thought that KPDM was
exclusively present among AAs; however, it is now reported across different ethnicities
worldwide including Caucasians [24], Hispanics [25], Chinese [17], South Asians [26] and
sub-Saharan Africans (Table 1) [27]. AAs and Hispanics still appear to have the highest risk
and Caucasians [13] and Asians [16,28] have a much lower risk (<10%). Depending upon
the population studied, several case series have reported that up to half of AAs and
Hispanics hospitalized with DKA have a clinical presentation compatible with KPDM. The
prevalence of KPDM is also growing in the pediatric population with one study reporting
that 17% of obese adolescents have clinical characteristics of KPDM in that they present
with DKA but are able to discontinue insulin and maintain good glycemic control [29].

Clinical presentation

Most patients with new-onset KPDM present with <4 weeks of polyuria, polydipsia and
weight loss (Table 2). In addition, patients can complain of nausea, vomiting and abdominal
pain and are found to have severe hyperglycemia accompanied with urinary ketonuria or
frank DKA. The majority of patients are overweight or obese and the unintentional weight
loss reported at time of diagnosis varies between 4 and 12 kg [7,8,25]. The age of onset is
usually in the fourth or fifth decade of life; however, KPDM has been increasingly reported
in the pediatric population [29,30]. Men have a two- to three-fold higher prevalence of
KPDM compared with women, the significance of which is unknown [25]. Up to 80% of
KPDM patients have a family history of T2DM [31]. In addition, physical examination
commonly reveals acanthosis nigricans and abdominal adiposity in both adults and children
with KPDM [29].

More than 75% of KPDM patients present with newly diagnosed diabetes and without a
known precipitating cause for severe metabolic decompensation and ketoacidosis [8,24,32].
The biochemical profile and acid-base parameters at presentation are similar to that reported
in TIDM [33]. Mean blood glucose (BG) is usually very high (>500 mg/dl) with a pH of
<7.30 and with a mean hemoglobin Alc >12% [7,25,31,33].

Diabetes Manag (Lond). Author manuscript; available in PMC 2012 September 01.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Smiley et al. Page 3

Clinical course

By contrast to the chronic insulin dependence of T1DM patients with ketoacidosis and most
obese patients with KPDM presenting with DKA frequently experience near-normoglycemic
remission within the first few months of treatment (Table 2) [30,31]. In Brooklyn,
McFarlane described the clinical course of newly-diagnosed AA patients admitted with
DKA and followed them for at least 1 year [10]. Remission was defined as having an Alc <
6.3% and a fasting plasma glucose <124 mg/dl (6.9 mmol/l) 3 months after discontinuing all
pharmacological agents. A total of 42% of patients went into remission after a mean of 83
days and all of them remained in remission during 20 months of follow-up. In agreement
with these studies, our group reported near-normoglycemic remission in 70% of obese DKA
patients after 9 weeks of follow-up [6]. Mauvais-Jarvis ef a/. characterized a cohort of 223
newly-diagnosed KPDM patients from sub-Saharan Africa for a period of 10 years [8]. Only
23% were unable to ever discontinue insulin due to irreversible p-cell failure like that in
T1DM. However, a total of 10 years after diabetes onset, less than 50% of patients with
KPDM were still insulin independent. In fact, studies from our research group and other
investigators have shown that most KPDM patients relapse within 2 years of initial
presentation, especially if not treated with some sort of antidiabetic regimen [8,11,34].

Putative pathophysiology

B-cell function & insulin sensitivity

Our group compared indices of insulin secretion and insulin sensitivity in 57 AA, obese
diabetics, 10 AA, lean diabetics and 10 AA, non diabetic subjects in Atlanta [7]. A total of
24 h after diagnosis, obese-DKA and obese-hyperglycemia patients had no detectable
insulin response to intravenous dextrose infusion (0.3 mg/kg intravenous bolus). However,
both groups at near-normoglycemic remission (10-12 weeks of follow-up), experienced a
robust insulin response to repeated intravenous glucose challenge. Likewise, at time of
diagnosis, obese-DKA and obese-hyperglycemia patients had C-peptide levels in response to
1 mg of intravenous glucagon stimulation that were between obese nondiabetic controls and
lean-DKA patients; however at near-normoglycemic remission, both obese diabetic groups
had stimulated C-peptide levels similar to the obese-control group. Using minimal model
analysis, we also reported that insulin sensitivity was similarly reduced at presentation in
obese subjects with DKA and hyperglycemia, but in both groups, insulin sensitivity
improved to nondiabetic, control levels during near-normoglycemic remission. The
improvement in both insulin sensitivity and more importantly, the improvement in p-cell
function during follow-up allowed 25 of 35 (71%) obese-DKA patients and 16 of 22 (73%)
obese-hyperglycemia patients to discontinue insulin therapy and maintain good metabolic
control.

Mauvais-Jarvis and colleagues reported p-cell function in a 10-year follow-up study of sub-
Saharan African patients with KPDM [8]. During follow-up, they showed that glucagon
stimulated C-peptide levels in noninsulin dependent KPDM patients were similar to that of
T2DM while insulin dependent KPDM patients had levels between that of TLDM and
T2DM. They also reported that insulin sensitivity, which was similarly decreased in DKA
and ketosis-resistant patients at diagnosis, significantly improved during follow-up.

Autoimmunity & genetic implications

Small case series of immunogenetic analyses in obese AA individuals presenting with DKA
show mixed results. Winter ef al. reported absence of ICAs, insulin autoantibodies and HLA
associations [22]. Banerji et al. showed negative GAD antibodies but increased frequency of
HLA-DR3 and HLA-DR4 (63%) in KPDM subjects [34]. Our group analyzed the
immunological markers and HLA susceptibility genes in 131 obese and lean DKA patients
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and compared them to 51 obese subjects with non-ketotic hyperglycemia [6]. We reported
similar prevalence of autoantibodies (insulin autoantibodies, ICA, GAD) in obese patients
presenting with DKA (17%) or hyperglycemia (16%). However, the prevalence was
significantly lower compared with lean DKA patients in whom 65% had at least one of the
above antibodies present. Furthermore, there were no significant differences in HLA
distribution between the obese DKA, lean DKA and obese control groups. In addition to the
studies previously, Nalini et al., in their Houston cohort of KPDM patients, found that HLA
class Il alleles associated with susceptibility or resistance to TLDM correlated with the four
antibody/p-cell function (AB) classifications of KPDM [35], suggested by
Balasubramanyam et al. [36].

Several investigators have considered potential candidate genes that may be associated with
the development of KPDM. Boutin ef a/. suggested that a point mutation in the H#NF-1 gene
could be a marker of KPDM in AA children and adolescents [37]. However, there was no
similar association with ANF-1 mutation [38] in adults of sub-Saharan and Afro-Caribbean
origin, respectively. The same authors instead reported high frequency of polymorphism in
PAX4, a transcription factor essential for the development of insulin-producing pancreatic
B-cells, in KPDM patients with phenotypes of A~p* [39]. Finally, Sobngwi ef a/. found a
higher prevalence of G6PD deficiency in the KPDM patients compared with controls and
patients with T2DM [40]. Though there was no increased prevalence of G6PD mutation in
KPDM patients, there was a proportional relationship between p-cell functional reserve and
erythrocyte G6PD activity. To date, this finding has not been studied in other KPDM
cohorts.

Glucotoxicity & lipotoxicity

Glucose toxicity is a metabolic phenomenon that happens when there is desensitization of 8-
cells and impaired insulin secretion in response to sustained elevations of plasma glucose.
To determine if steady glucose exposure had any effect on stimulated insulin secretion, our
research group studied the insulin secretory response to sequential 5 g arginine stimulation
before (at baseline and after a 45-mindextrose infusion (200 mg/m?2/min) and after a 20-h
10% dextrose infusion (200 mg/m2/min) in healthy, obese control subjects and in obese
subjects with ketosis-resistant T2DM and KPDM following near-normoglycemic remission
[41]. We reported a comparable response to sequential arginine stimulation at baseline and
after the 20-h dextrose infusion. Infusion of dextrose was well tolerated without evidence of
glucose toxicity in patients with a history of hyperglycemia and ketoacidosis. Thus, our
studies failed to show glucotoxicity after short-term glucose infusion in recently diagnosed
KPDM patients and suggest that a longer period of exposure may be n ecessary to induce p-
cell exhaustion.

Some investigations have found that acute elevation of free fatty acid (FFA) levels in the
blood can cause increased insulin resistance (lipotoxicity) and impair appropriate p-cell
compensation [42-44]. To investigate the role of lipotoxicity in the development of
metabolic decompensation in KPDM patients, we admitted patients with KPDM and history
of hyperglycemia to receive 20% intralipid infusion for 48 h. FFAs increased fourfold with
levels averaging 1.8 mmol/l during lipid infusion. We found that lipid infusion and increased
FFAs were not associated with impaired insulin secretion or B-cell lipotoxicity in KPDM
and ketosis-resistant obese subjects with hyperglycemia [45]. Some investigators have
suggested that longer lipid infusion (>72 h) and exposure period to increased FFAs are
needed to achieve significant lipid-induced impairment of insulin secretion [46,47].
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Intracellular signaling

Insulin, by binding to its membranous receptors, causes activation of a cascade of
intracellular signaling molecules via phosphorylation. One major end result is the activation
of protein kinase enzyme AKT, which is responsible for the stimulation of glucose transport
and glycogen accumulation in skeletal muscle cells (Figure 1) [48,49]. Lack of one of the
isoforms, AKT-2, has in fact been shown to cause a diabetes-like condition in knockout
mouse models [50]. Our research group and collaborators [51] studied the patterns of
insulin-stimulated AKT phosphorylation and protein expression in muscle biopsy samples
obtained from KPDM patients immediately after hyperglycemic crisis and again after near-
normoglycemic remission. We found that AKT-2 expression and insulin stimulated
phosphorylation was impaired during initial hyperglycemic crisis. However, at time of
follow-up with near-normoglycemic resolution, both AKT-2 expression and phosphorylation
improved. Thus, decreased AKT-2 response to insulin is one of the possible mechanisms of
insulin resistance in KPDM patients presenting with hyperglycemia. In addition, defects in
forkhead box transcription factors may play a role as they mediate adaptive responses of
gene expression in many insulin target tissues [52] and mediate the action of insulin and
leptin in the hypothalamus [53].

Management

Acute management & treatment of DKA

Diabetic ketoacidosis is defined as a BG of >250 mg/dl, a pH < 7.3, HCO3 <18 mEg/l and
positive serum ketone bodies [2]. Treatment includes intravenous rehydration, continuous
insulin drip administration, electrolyte repletion and the search for and treatment of an
underlying precipitating cause (Box 1). DKA levels should be checked at least every 2 h in
order to titrate the drip and monitor electrolyte trends. The response to treatment in KPDM
patients is similar to those with TIDM and T2DM and the time to resolution is usually <14
h [7]. After resolution of DKA, a higher insulin dose is needed to control BG levels and
prevent recurrence of ketoacidosis. Our experience indicates that a starting total daily dose
of 0.7-0.8 units/kg of subcutaneous insulin is commonly needed to achieve glycemic
control. A combination of a multidose regimen of neutral protamine hagedorn and regular
insulin or basal bolus insulin are equally effective in achieving glycemic control.
Subcutaneous insulin doses should be adjusted to achieve target fasting and premeal BG
levels of <130 mg/dl.

Long-term treatment of ketosis-prone diabetes mellitus

Prior to insulin therapy, the patient should receive diabetes education that includes
techniques on proper insulin administration and home BG monitoring. We recommend
preprandial BG monitoring at least twice a day with subsequent reporting to the healthcare
provider every 2—4 weeks for the first 3 months in order to adjust insulin therapy. The
patient can then be assessed every 2—3 months depending on the degree of glycemic control
and need for insulin. The home BG log or glucometer can be brought to follow-up
appointments for review and adjustment of the regimen. The mean insulin requirement to
achieve the target BG level is usually 1-1.2 U/kg of bodyweight/day. Insulin tapering can
begin once fasting BG (FBG) levels are < 130 mg/dl for 2 weeks or if the patient
experiences hypoglycemia as defined as a BG <70 mg/dl. Over the course of 12 weeks, most
patients can completely discontinue insulin by decreasing the total insulin dose by 25% at
each follow-up visit. Balasubramanyam et a/. suggested any attempt to withdraw insulin
treatment should be based on a precise autoimmunity and p-cell function (AB) classification
that has 99% sensitivity and 97% positive predictive value (Figure 2) [54]. Based on a
subset of 138 newly-diagnosed KPDM subjects out of 294 in this study, 74% with a new
diagnosis were classified as having the type 2B variant which signifies the absence of islet

Diabetes Manag (Lond). Author manuscript; available in PMC 2012 September 01.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Smiley et al.

Page 6

cell autoimmunity and preserved B-cell function (A~B*). The majority of KPDM patients
with this classification will be able to discontinue insulin therapy. In addition, assessment of
autoimmunity status (i.e., GAD, ICA antibodies) and p-cell secretory reserve via glucagon
stimulation test [55] at 1-3 weeks of diagnosis have also been reported to predict the ability
of the newly-diagnosed KPDM patient to discontinue insulin and remain in near-
normoglycemic remission. Negative antibody status and positive p-cell reserve
(classification A"B*), as determined by a fasting C-peptide level of >1.0 ng/dl (0.33 nmol/l)
or a glucagon-stimulated C-peptide of >1.5 ng/dl (0.5 nmol/l), correlate with the ability to
discontinue insulin therapy during follow-up. Continuation of insulin treatment is
recommended in patients with low p-cell reserve and most of these patients require multiple
daily insulin injections to avoid hyperglycemic relapse. Overall, C-peptide response to
glucagon appears to be the best predictor of remission in KPDM [7,8]. Other potential
predictive factors that support near-normoglycemic remission are AA or Hispanic ethnicity,
newly-diagnosed diabetes, obesity, family history of T2DM and a lower insulin requirement
[8,30,56].

Prevention of recurrence of hyperglycemia

Near-normoglycemic remission in KPDM patients, typically achieved after 3 months or less
of antidiabetic therapy, is defined as an Alc of < 7% and a FBG of <130 mg/dl that is
maintained after the discontinuation of treatment [7,8,13]. Although the majority of KPDM
patients achieve remission, most studies have found these individuals have variable -cell
function and have an increasing insulin dependence over time if treated with diet and
lifestyle modification alone. In the previously mentioned sub-Saharan cohort of Mauvais-
Jarvis et al., only 40% of these patients were insulin-independent at 10 years and the authors
reported that the gradual loss of B-cell function in KPDM patients was similar to that of
T2DM patients [8]. From this, the authors inferred that KPDM was a subtype of T2DM.
However, unlike T2DM patients, nearly 70% of KPDM patients presented with recurring
episodes of relapse-remission within 2 years of diagnosis, and with each relapse, there was a
progressive risk of becoming chronically insulin dependent. Although lifestyle and dietary
modifications remain an important aspect of long-term KPDM management, recurrence of
hyperglycemia or ketosis after the discontinuation of insulin occurs within 12—24 months of
discontinuing insulin in nearly 60% of patients who are on diet alone [7,11]. These findings
led to investigations evaluating the effects of OHAS on maintaining insulin-free remission
and B-cell function. One of the first studies was from Banerji ef al. in which 20 obese, black
patients with new-onset KPDM presenting as severe hyperglycemia were blindly
randomized to receive either 2.5 mg of glipizide or placebo daily and followed for a mean of
17.4 months [34]. Relapse to hyperglycemia was defined as a FBG level 2140 mg/dl in this
study and it was found that the use of glipizide compared with placebo significantly
prolonged remission. Similarly, our research team followed the longitudinal clinical
response of 35 obese AA patients with new-onset KPDM presenting with DKA or severe
hyperglycemia. The subjects were placed on diet and low-dose glyburide (1.25-2.5 mg/day)
versus diet alone. With a median follow-up of 16 months, hyperglycemia recurred in 72%
treated with diet alone compared with only 20% in those treated with glyburide.
Readmission with metabolic decompensation occurred in four patients treated with diet
alone but in none of the patients treated with glyburide [11]. In a 3-year, randomized
controlled trial recently completed in 44 overweight KPDM patients treated with either
pioglitazone 30 mg daily or matching placebo, we found that pioglitazone treatment
significantly reduced the number of patients with hyperglycemic relapse (68 vs 32%,
respectively; p = 0.03) and allowed a longer period of remission (median: 809 vs 162 days; p
=0.01 [102]). The roles of other commonly used OHAS such as metformin, dipeptidyl
peptidase 4 inhibitors and incretin mimetics have yet to be determined although ongoing
investigations from our group will be able to p rovide more data in the near future [103].
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Conclusion & future perspective

In summary, despite the acute presentation of severe insulin deficiency and ketoacidosis,
most newly-diagnosed obese adult patients with spontaneous DKA have clinical and
immunogenetic features of T2DM (e.g., lack of HLA association and islet-cell
autoimmunity). The majority of such patients discontinue insulin therapy during follow-up
and remain in near-normoglycemic remission off insulin for several months to years. During
follow-up, the clinical features, insulin secretion, insulin action and immunologic markers
are similar between KPDM and ketosis-resistant Type 2 diabetes. Based on the current body
of literature and our clinical experience, KPDM represents a unique form of presentation of
T2DM patients. More research needs to be aimed at determining the optimal
pharmacological treatment approach in patients with KPDM and uncovering potential
underlying genetic associations, particularly ones that relate to clinical response to treatment
and long-term outcomes.

Box 1. Management of diabetic ketoacidosis in patients with ketosis-prone
Type 2 diabetes mellitus

L aboratory assessment and electrolyte disturbances

L] At admission: cell blood count with differential, complete metabolic profile,
venous pH and serum p-hydroxybutyrate

L] During treatment: glucose every 2 h and check basic metabolic profile,
venous pH, phosphorus at 2 h, 4 h and every 4 h until resolution of DKA

K* replacement

" If serum K* 5.2 mmol/l, do not give K* but check serum K* every 2 h

" K* = 3.3-5.2 mmol/l, add 20-30 mEq K* to each liter of iv fluid

" K* <3.3 mmol/l, hold insulin and give 20-30 mEq K* until K* >3.3 mEq/I
I nitiate continuous insulin infusion

L] Initial iv bolus of normal saline (0.9%): 0.1 unit/kg bodyweight, followed by
continuous insulin infusion at 0.1 U/kg/h

L] When BG <250 mg/dl, change iv fluids to DSW in half normal saline
(0.45%) and reduce insulin infusion rate to 0.05 unit/kg/h to keep glucose
~200 mg/dl until resolution of ketoacidosis

Following the resolution of DKA

L] Start multidose sc. insulin at a dose of 0.7-0.8 units/kg of bodyweight

L] Give half of the total insulin dose as long-acting insulin (i.e., insulin glargine,
NPH) and give the remaining half as prandial insulin divided three times/day

L] Adjust insulin dose to achieve a target fasting and premeal glucose level of
70-130 mg/dl

Following dischar ge from the hospital

L] Monitor patients every 2 weeks for the first 2 months to adjust insulin
therapy, then every 2 or 3 months depending on glycemic control. Mean
insulin requirement to achieve target BG is usually 1-1.2 units/kg of
bodyweight
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L] Start tapering insulin once fasting BG levels reach <130 mg/dl for 2 weeks or
if patient experiences hypoglycemia. Decrease total insulin dose by 25% at
each visit

L] Measure GAD antibodies and B-cell function (fasting C-peptide or 1 mg
glucagon-stimulated C-peptide test at 0, 3 and 6 min)

After discontinuation of insulin therapy

L] Subjects with negative GAD and with fasting or stimulated C-peptide levels
>1.5 ng/dl and >2.25 ng/dl, respectively, start low-dose sulfonylurea
(glyburide 1.25-2.5 mg/day), pioglitazone 30 mg/day or metformin (500 mg
b.i.d.) therapy

L] Patients with positive GAD or with inadequate insulin secretion are more
likely to relapse and may be kept on insulin therapy, and/or should be
carefully monitored for recurrence of hyperglycemia or ketosis

BG: Blood glucose; b.i.d.: Twice daily; DKA: Diabetic ketoacidosis; GAD: Glutamic
acid decarboxylase; iv: Intravenous; K*: Potassium; NPH: Neutral protamine hagedorn;
Sc.: Subcutaneous.

Adapted from [2,7,8].

Practice Points
| Prevalence
- Common in people of African—American and Hispanic ethnicity.
| Clinical presentation

- Patients typically present with polyuria, polydipsia, weight loss
of less than 4 weeks duration and are found to have diabetic
ketoacidosis (DKA), which is indistinguishable from Type 1
diabetes mellitus.

| Pathogenesis
- B-cell autoimmunity and HLA associations are uncommon.

- Impaired insulin sensitivity at presentation that significantly
improves at time of follow-up.

- Impaired pancreatic B-cell reserve at presentation that
significantly improves with follow-up.

- Short-term glucotoxicity and lipotoxicity are not primary
pathophysiologic factors in the development of B-cell
decompensation.

| Treatment

- Acute management of DKA in ketosis-prone diabetes mellitus is
the same as that of any DKA patient.

- Insulin is required to achieve near-normoglycemic remission
after presentation.

| Disease course

Diabetes Manag (Lond). Author manuscript; available in PMC 2012 September 01.
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- Over the course of 10-12 weeks, most patients can completely
discontinue insulin.

- Apart from lifestyle and dietary modification, oral sulfonylureas
and thiazolidinediones can prevent or delay hyperglycemic
relapse after the discontinuation of insulin. Potential oral
monotherapies that have been studied include low-dose glipizide
(0.625-2.5 mg/day); low-dose glyburide (1.25-2.5 mg/day) and
pioglitazone (30 mg/day).

- Overall, C-peptide response to glucagon appears to be the best
predictor of remission in ketosis-prone diabetes mellitus.
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Insulin

Figure 1. Mechanisms of insulin resistance in obese African—-Americans with hyper glycemic
crises

Insulin exerts its biological effects by sequential activation of a cascade of upstream
signaling molecules. Insulin binds to its receptor, which in turn leads to autophosphorylation
of the receptor and activation of docking proteins including insulin receptor substrates.
Tyrosine phosphorylation of IRS-1/2 allows the activation of PI3K. PIP3 production
subsequently recruits the serine-threonine kinase AKT and its activating kinase 3-
phosphoinositide-dependent PDK-1 to the membrane to initiate activation of AKT.
Complete activation of AKT occurs only when it is dually phosphorylated by PDK-1 and
PDK-2. AKT activation is required to stimulate GLUT-4 glucose transport and inhibit
glycogen synthase kinase activity.

Adapted from [51].
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Antibody status

AB* (type 2B)

Ap* (type 2A)

B-cell function

AR (type 1B)

A3 (type 1A)

Figure 2. Ap-classification system for ketosis-prone diabetes mellitus patients

This diagram outlines the schema that can be used to identify the four variants of ketosis-
prone Type 2 diabetes mellitus (KPDM) and predict clinical response to treatment based on
the presence of B-cell function (b) and/or islet-cell autoimmunity (A). Those with KPDM
type 2A (A~B*) have preserved B at diagnosis but have markers of islet cell A. Clinically,
they can either regain B and discontinue insulin or have progressive B and require lifelong
exogenous insulin therapy. Patients with KPDM type 1A (A*B~) have permanent B-cell
failure with markers of islet cell A. They require insulin therapy for life. Those with KPDM
type 1B (A™p7) also have permanent B-cell failure but lack islet cell A. They require insulin
therapy for life. Patients with KPDM type 2B (AB*) have preserved B and lack islet cell A.
This KPDM subtype has the greatest chance of achieving near-normoglycemic remission
and discontinuing insulin therapy.

Adapted from [54].
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Clinical and biochemical characteristics of Type 1 diabetes mellitus, Type 2 diabetes mellitus and ketosis-
prone diabetes mellitus adult patients.

life

Characteristics T2DM T1DM KPDM
Clinical
Mean age at presentation (years) Fifth decade Third to fourth decade of Third to sixth decade of life

Ethnicity

Predominantly AA and
Hispanics

Predominantly Caucasians

and AA

Predominantly AA and Hispanics

Presentation

Moderate hyperglycemia

DKA or hyperglycemia

Usually as DKA or severe
hyperglycemia

Duration of symptoms at 9 <4 Acute, usually <6

presentation (weeks)

Acanthosis nigricans Present Absent Present

Ability to achieve control with oral ~ Variable None Initially, up to 75% after

hypoglycemic discontinuation of insulin; however,
many require insulin again over time

Remission from insulin Frequent Rare Frequent

Course Loss of insulin secretion and ~ Progressive decline in Remitting and relapsing course with
worsening sensitivity insulin secretion overall progression similar to T2DM

BMI (kg/m?) Overweight to obese Lean Overweight to obese

Male:female 11 11 15:3

Family history (%) 30-80 30 80-100

Biochemical

Primary defect

Insulin secretion and

Lack of insulin

Acute defect in insulin secretion and

response to mixed meal or glucose)
at follow-up

sensitivity sensitivity which improves with near-
normoglycemic resolution
Markers of B-cell autoimmunity Absent Present Absent
HLA genotype susceptibility Absent Present Variable among study cohorts
Fasting C-peptide Normal Depressed Normal
Insulin secretion (C-peptide Present Absent Present but lower than T2DM
response to mixed meal) upon
presentation
Insulin secretion (C-peptide Similar to KPDM Absent Present

Insulin sensitivity at presentation

Decreased compared with
obese nondiabetics

Decreased compared with

obese nondiabetics

Decreased compared with obese
nondiabetics

Insulin sensitivity at follow-up

Similar to obese
nondiabetics

Increased as compared with

T2DM/KPDM

Similar to obese nondiabetics

Development of ketosis

Resistant to ketosis

Associated with lack of
insulin

Preceded by hyperglycemia and
elevated FFA

Ref.

[7,8,33,60-64]

[7,8,33,58,60,65-69]

[7-12,17,24,25,31,33,56,60,70]

AA: African—American; DKA: Diabetic ketoacidosis; FFA: Free fatty acid; KPDM: Ketosis-prone diabetes mellitus; TLDM: Type 1 diabetes
mellitus; T2DM: Type 2 diabetes mellitus.
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