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Type 2 Diabetes Mellitus Subjects: A Clinical Perspective
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In clinical practice, the distinction between type 1 diabetes mellitus (T1IDM) and type 2 diabetes mellitus (T2DM) can be chal-
lenging, leaving patients with “ambiguous” diabetes type. Insulin-treated patients (n=115) previously diagnosed with T2DM had
to be re-classified based on clinical phenotype and laboratory results, and were operationally defined as having an ambiguous dia-
betes type. They were compared against patients with definite TIDM and T2DM regarding 12 clinical and laboratory features
typically different between diabetes types. Characteristics of patients with ambiguous diabetes type, representing approximately
6% of all patients with TIDM or T2DM seen at our specialized clinic, fell in between those of patients with definite T1IDM and
T2DM, both regarding individual features and with respect to a novel classification based on multi-variable regression analysis
(P<0.0001). In conclusion, a substantial proportion of diabetes patients in a tertiary care centre presented with an “ambiguous”
diabetes type. Their clinical characteristics fall in between those of definite TIDM or T2DM patients.
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INTRODUCTION

Type 1 diabetes mellitus (T1DM,; the result of autoimmune de-
struction of endocrine pancreatic 3-cells [1]) and type 2 diabe-
tes mellitus (T2DM; characterized by insulin resistance, often
in association with obesity, and a -cell secretory defect [2])
are commonly viewed as completely separate entities. Typical-
ly, T1IDM and T2DM differ with respect to the presence of
obesity and features of the insulin resistance syndrome, the age
at onset, insulin requirement shortly after diagnosis, proneness
to severe hypoglycaemic and ketoacidosis episodes, family his-
tory, and laboratory indicators of the autoimmune destruction
of pancreatic B-cells and a deficiency in insulin production (C-

peptide). TIDM subjects may have associated autoimmune
diseases. T1DM subjects typically have more fluctuations in
their plasma glucose profiles from day to day, whereas the vari-
ation is less pronounced in T2DM (For more details and refer-
ences, see Supplementary methods, section “discriminating
features characterizing T1IDM vs. T2DM”) [3,4].

In clinical practice, such exhaustive assessment for the dif-
ferentiation between T1DM and T2DM is rarely performed.
The criteria dominating the tentative classification are age at
onset [5] and obesity [6]. By clinical experience, our team had
to revise a diagnosis of T2DM towards T1DM in a substantial
number of cases, while changes in the opposite direction were
not observed to any noticeable degree. This indicates that two
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or more physicians, clinics, or hospitals had disagreed regard-
ing the type of diabetes in a given patient. Therefore, we sug-
gest the operational definition (used for the current analysis)
of “ambiguous diabetes type” for those, in whom both diagno-
ses had been considered. We aimed at further characterizing
this subpopulation by comparing their clinical features to insu-
lin-treated patients with definite TIDM and T2DM.

METHODS

Study design

In the year 2013, 205 out of 1,834 inpatients with a diagnosis of
diabetes mellitus (11.2%) treated at the Diabetes Centre Bad
Lauterberg, had been admitted with a diagnosis of T2DM
(ICD E 11.xy), but later were discharged with a diagnosis of
T1DM (ICD E 10.xy). Whereas “ambiguous diabetes” was op-
erationally defined by contradicting features which could not
unequivocally be assigned to either TIDM or T2DM, such
contradictory findings were not present in patients with defi-
nite TIDM or T2DM in the view of practicing physicians
working in a specialized diabetes centre. All patients had given
general permission to the analysis of their clinical data for sci-
entific purposes, and the present study was performed fully
complying with pertinent ethical and data protection regula-
tions. With respect to the present study, individual written in-
formed consent was waived due to the retrospective nature of
the study (written approval by the ethics committee of the
Georg-August University Gottingen, December 19, 2019, ap-
proval number 13/1/20).

Data extraction and group comparisons

Patient characteristics and treatment details (at time of dis-
charge) and laboratory results were extracted from medical re-
cords in a pseudonymized fashion. Laboratory results poten-
tially suitable for the distinction between T1DM and T2DM
were not systematically measured, but rather as felt appropriate
to support diagnostic and treatment decisions. Patients with
“ambiguous diabetes type” (n=115) were compared with two
patient groups with definite TIDM (n=117) and T2DM (n=
120), randomly selected from the total cohorts of patients with
T1DM and T2DM in the same calendar year (2013; for details
on inclusion and exclusion criteria, see Supplementary meth-
ods, section “inclusion and exclusion criteria” and Supplemen-
tary Fig. 1).
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Multivariate regression analysis

Parameters with clearly significant differences between pa-
tients with T1IDM and T2DM were used in a multivariate re-
gression analysis aiming at a nominal output value of 1 for pa-
tients with T1IDM and 2 for patients with T2DM (Statistica
version 12.0, Statsoft Europe, Hamburg, Germany), based on
data from definite TIDM or T2DM patients only. Parameters
that did not improve the overall prediction were removed from
the model. Based on this model, it was possible to make pre-
dictions regarding diabetes type by imputing the relevant input
variables (predictors) into the model. A result near 1 or 2 pre-
dicted a diagnosis of T1DM or T2DM, respectively. Based on
the multiple regression model, a score was designed for easier
clinical application. For details and results, see Supplementary
methods, section “diabetes type score” For sample size consid-
erations, see Supplementary methods, section “sample size.”

Statistical analysis

Patient characteristics are reported as mean+standard devi-
ation or counts (proportions), results are reported as mean+
standard error of the mean. Results of linear regression analy-
sis are presented as the correlation coefficient squared (r*) and
the related P value. Significances of differences were tested by
(repeated measures) one-way analysis of variance (RM-ANO-
VA) (continuous variables) or contingency table analysis
(Fisher’s exact test or chi-square test for larger tables; categori-
cal variables). Results of RM-ANOVA are reported as P values
(A) by category; (B): by time and (AB): by interaction of cate-
gory and time. Duncan’s post hoc test was used to identify dif-
ferences between any two groups. P values <0.05 were taken to
indicate significant differences.

RESULTS

Patient characteristics

Clinical characteristics of patients with “ambiguous” diabetes
type, T1DM, and T2DM are shown in Table 1, Supplementary
Fig. 2. There were clear differences between subjects with defi-
nite TIDM and T2DM (P<0.05) (Table 1). Representative
plasma glucose profiles taken after the optimization of glucose-
lowering therapy were not significantly different between pa-
tients with TIDM and T2DM (Fig. 1A), the coefficient of vari-
ation of fasting plasma glucose concentrations determined on
subsequent days was significantly lower in patients with
T2DM vs. the other groups (Fig. 1B). Patients in the category
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Table 1. Patient characteristics of subjects with “ambiguous diabetes type”: T1IDM and T2DM

Parameter Diabetes type ambiguous Definite TIDM Definite T2DM Significance
(n=115) (n=117) (n=120) (P value)

Age, yr 66+12 50+16° 64+12° <0.0001
Sex, female/male (% female) 55/60 (47.8) 52/65 (44.4) 45/75 (37.5) 0.26
BMI, kg/m’ 30.3£5.9 26.2+4.7° 34.1+6.5%° <0.0001
Age at diagnosis, yr 49.3+11.3 (n=114) 29.6+14.9° 52.8+11.8*" (n=119) <0.0001
Start of insulin treatment after diagnosis, yr 5.8+6.3 (n=107) 0.5+2.2* (n=102) 49+52°(n=112) <0.0001
Family history (first degree relatives) of T2DM, yes/no (% yes) 49/66 (42.6) 20/97 (11.8)* 51/69 (42.5)° 0.0001
History of ketoacidosis, yes/no (% yes) 4/111 (3.5) 20/97 (17.1) 4/116 (3.3)° <0.0001
Treatment with any oral glucose-lowering agents, yes/no (% yes) 14/101 (12.2) 1/116 (0.9)* 71/49 (59.2)* <0.0001

Metformin, yes/no (% yes) 12/103 (10.4) 1/116 (0.9)* 60/60 (50.0)* <0.0001

GLP-1 receptor agonists, yes/no (% yes) 0/115 (0.0) 0/117 (0.0) 15/105 (12.5)* <0.0001
Type of insulin regimen

Basal insulin only, yes/no (% yes) 0/115 (0.0) 0/117 (0.0) 44/76 (36.7)

Conventional (premixed), yes/no (% yes) 5/110 (4.3) 0/117 (0.0) 25/95 (20.8)

Intensified (basal/bolus), yes/no (% yes) 110/5 (95.7) 117/0 (100.0) 51/69 (42.5)
Insulin dose, IU/kg/day 0.99+0.69 0.72+0.37* 0.99+0.75 0.0007
Symptomatic hypoglycaemia, number/week 1.8+2.8 (n=64) 2.8+2.8 (n=93) 1.5+£1.7 (n=27) 0.22
Severe hypoglycaemia, yes/no (% yes) 18/97 (15.7) 36/81 (30.8)* 6/114 (5.0)*° <0.0001
Severe hypoglycaemia, events/last 12 months 0.17£0.65 0.81+3.64 0.09+0.48 (n=114) 0.20
HbAlc, % 9.5+1.8 8.9+2.1° 9.1+2.0° 0.0095
C-peptide, nmol/L 0.17+0.14 0.1120.21 (n=52) 0.64+0.43* (n=95) <0.0001
GAD antibodies positive, yes/no (% yes) 13/22 (37.1) 7/8 (46.7) 0/9 (0.0) 0.053
Anti-TA; antibodies positive, yes/no (% yes) 1/4 (20.0) 1/0 (50.0) 0/0(0.0) 0.30
(Pro-)insulin autoantibodies positive, yes/no (% yes) 1/3 (25.0) 0/6 (0.0) 0/0(0.0) 0.43
>2 Antibodies positive, yes/no (% yes) 1/5(16.7) 0/2(0.0) 0/0(0.0) 0.83
Triglyceride, mg/dL 150.6+£107.4 122.9+88.3 221.8+135.1*° <0.0001
HDL-C, mg/dL 50.2+17.5 (n=114) 56.1+15.2* 38.5+10.8* <0.0001
Triglyceride high or HDL-C low; yes/no (% yes) 49/66 (42.6) 32/85 (27.4) 95/25 (79.2)* <0.0001
eGFR (CKD-EPI equation), mL/min 83.4+14.5 95.7+19.1* 82.0+13.6° <0.0001
Urinary albumin excretion, mg/g creatinine 46.8+106.9 (n=112) 84.2+264.5 (n=115) 77.7+239.8 (n=118) 0.38
Abnormal urinary albumin excretion, yes/no (% yes) 33/79 (29.5) (n=112) 22/93(19.1) (n=115) 27/91 (22.9) (n=118) 0.18
Systolic blood presssure, mm Hg 135+15 128+13° 133+14° 0.0015
Arterial hypertension, yes/no (% yes)" 109/6 (94.8) 74/43 (63.2)° 112/8 (93.3)° <0.0001
Vitiligo, yes/no (% yes) 3/112 (2.6) 1/116 (0.9) 0/120 (0) 0.16
Autoimmune thyroiditis, yes/no (% yes) 12/103 (10.4) 10/107 (8.5) 2/118 (1.6)*° 0.019
Levothyroxine treatment, yes/no (% yes) 22/93 (19.1) 30/87 (25.6) 19/191 (15.8) 0.16
Hypoparathyroidism, yes/no (% yes) 2/113 (1.7) 1/116 (0.9) 0/120 (0) 0.35
Hypocalcaemia, yes/no (% yes) 18/97 (15.7) 15/102 (12.8) 14/106 (11.7) 0.65
Serum calcium, mg/dL 8.9+0.5 8.9+0.4 9.0+0.4 0.13
Autoimmune gastritis, yes/no (% yes) 6/109 (5.2) 0/117 (0.0)* 2/118 (1.7) 0.025
Macrocytosis/anaemia, yes/no (% yes) 22/93(19.1) 28/89 (23.9) 36/84 (30.0) 0.15

Values are presented as mean +standard deviation or number (%). Statistical analysis: ANOVA with Duncan’s post hoc test for continuous variables or chi-square

test for categorical variables.

T1DM, type 1 diabetes mellitus; T2DM, type 2 diabetes mellitus; BMI, body mass index; GLP-1, glucagon-like peptide-1; HbA I, glycosylated hemoglobin; GAD,
glutamic acid decarboxylase; HDL-C, high-density lipoprotein cholesterol; eGFR, estimated glomerular filtration rate; CKD-EPI, Chronic Kidney Disease Epide-

miology Collaboration.

*Significant difference (P<0.05) to patients with ambiguous diabetes type, *Significant difference (P<0.05) to patients with T1IDM, ©>140/90 mm Hg or treatment

with antihypertensive medications.
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Multiple regression analysis
diabetes type result category

“ambiguous” diabetes type, as a rule, displayed intermediate
results between those with definite TIDM and T2DM (Table 1,
Fig. 1).

Differential diagnosis between T1DM and T2DM using
multivariate regression analysis

It was possible to identify 12 input variables (body mass index
[BMI, kg/m’], age at diagnosis [years], start of insulin therapy
after diagnosis [years], family history of T2DM [yes/no], histo-
ry of ketoacidosis [yes/no], insulin dose [IU/kg/day], severe
hypoglycaemia [events/last 12 months], coefficient of variation
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Fig. 1. Plasma glucose concentration profiles (mean+standard er-
ror of the mean; and (A) coefficients of variation of fasting plasma
glucose concentrations (bars indicate mean+95% confidence in-
tervals; (B) determined after optimizing glucose-lowering therapy
(e.g., insulin dose titration); and (C) frequency distribution of in-
dividually calculated diabetes type scores in our cohorts with un-
equivocal type 1 (green) and type 2 (blue) diabetes mellitus
(T1DM and T2DM) and with ambiguous diabetes type (red). The
scores were calculated such that, ideally, a subjects with T1IDM
should receive a score of 1, and subjects with T2DM should receive
a score of 2. Repeated measures analysis of variance (A), analysis
of variance with post hoc tests (Duncanss test; B).

of fasting plasma glucose [%], triglyceride high or high-density
lipoprotein cholesterol low [yes/no], C-peptide [nmol/L], glu-
tamic acid decarboxylase [GAD] antibodies positive [yes/no],
and any associated autoimmune disease [yes/no]), which
helped discriminating patients with T1IDM (output approxi-
mately 1) and T2DM (output approximately 2) by employing
multivariate regression analysis. The model summarized in
Supplementary Table 1 allowed a significant (P<0.0001) pre-
diction of the diabetes type, accounting for approximately 75%
of the variance (corrected r*=0.753).
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Results for patients with “ambiguous” diabetes type when
applying the multivariate regression analysis

Output variables regarding patients with “ambiguous” diabetes
type ranged from 0.63 to 2.36, thus encompassing the range
typical for both TIDM and T2DM, with a mean of 1.67, inter-
mediate between T1DM and T2DM patients (Fig. 1C). A score
representing the weights of individual input factors as calculat-
ed by multivariate regression analysis (Supplementary Table 2)
is distributed in a similar way, and correlates tightly with re-
sults from multivariate regression analysis (Supplementary
Fig. 3).

DISCUSSION

Our findings indicate that there is a subgroup of insulin-treat-
ed patients, representing 6% of all diabetes patients in our Ger-
man sample, who cannot easily be assigned to definite TIDM
or T2DM. Their clinical characteristics fall in between those
definite TIDM and T2DM (Table 1, Fig. 1C, Supplementary
Figs. 2 and 3). Upon further scrutiny, the majority of patients
with an ambiguous diabetes type according to our operational
definition might turn out to have T1DM, but positive GAD
antibodies are not specific for TIDM, and C-peptide concen-
trations of around 0.17 nmol/L are in the concentration range
that does not allow a clear discrimination between T1DM and
T2DM [7]. Along these lines, we do not believe that more ex-
tensive use of C-peptide and autoantibody measurements
would have changed the results essentially, since there is a con-
centration range of C-peptide associated with a similar proba-
bility of TIDM and T2DM [7], and, in the case of autoantibod-
ies, negative results may occur in a significant proportion of
patients with definite TIDM [8,9].

It appears much more likely, that only a comprehensive ap-
proach based on the evaluation of multiple clinical and labora-
tory characteristics will optimize the differentiation between
T1DM and T2DM in patients with an uncertain (“ambigu-
ous”) diagnosis. However, obesity and insulin resistance also
occur in T1IDM [10,11]. Sometimes, this is referred to as “dou-
ble diabetes” [12]. As reported by Park et al. [13] and Lee et al.
[14], T1DM associated with features of the metabolic syn-
drome is quite common and rising in prevalence in Korea. Re-
garding the phenotypic similarity between patients with “am-
biguous diabetes type” and T1DM, see Supplementary meth-
ods, section “phenotypic similarities between “ambiguous dia-
betes type” and TIDM. Taking a comprehensive panel of such
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parameters and employing multivariate regression analysis, it
has been possible to reasonably discriminate between patients
with T1DM and T2DM (Fig. 1C).

What then might be the correct diagnoses in patients in this
“ambiguous” diabetes type category? (1) The fact that a previ-
ous (tentative) diagnosis of T2DM had been made, which later
needed to be changed to T1DM, could be explained by obesity
(70.4% with a BMI >27.0 kg/m?) and old age (55.7% above 65
years) in this group; (2) Latent autoimmune diabetes of adult
onset [15] is a diagnosis that may apply to some patients in the
“ambiguous” diabetes type group; (3) There may be patients
who have had true T2DM, in whom later in their lives the dis-
ease process leading to autoimmune destruction of B-cells
started, thereby changing the characteristics and proper classi-
fication of their diabetes [16]; (4) There may be similarities and
overlaps in disease characteristics for TIDM and T2DM, e.g.,
islet immune cell infiltration and inflammatory cytokines con-
tributing to B-cell destruction [17]; (5) There is increasing evi-
dence that T2DM is heterogeneous, with some subtypes re-
sembling T1IDM [18].

The potential consequences of misclassifying T1DM could
be wrong treatment approaches leading to ill glycaemic con-
trol, deferred insulin treatment or erroneous choice of simple
insulin regimens, and ketoacidosis. Glycosylated hemoglobin
was highest in our group of patients with “ambiguous” diabetes
(Table 1), indicating a need for optimizing glucose-lowering
treatment.

The present study has limitations. Owing to the retrospec-
tive study design, there are missing data, especially regarding
the use of laboratory markers with the potential to differentiate
between T1IDM and T2DM. However, this may be typical for
clinical practice. Since this is a single-centre study, the results
probably cannot be generalized to other settings, e.g., other de-
grees of specialization and other countries.

In conclusion, the present analysis reveals a significant sub-
group of patients with diabetes mellitus with an “ambiguous”
phenotype falling in between characteristics of patients with
definitive TIDM or T2DM. These findings highlight the clini-
cal challenge of making the correct diagnosis [19] and recom-
mending the most optimal treatment [20] to patients, in whom
the differential diagnosis between TIDM and T2DM is not
immediately obvious. As a universally accepted standard defi-
nition of “ambiguous diabetes type” is lacking, we suggest that
our definition could be helpful, at least as a starting point, for
additional studies addressing this diagnostic uncertainty.
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Supplementary materials related to this article can be found

online at https://doi.org/10.4093/dm].2021.0322.
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