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ABSTRACT

Objective To identify clinical phenotypes of type 2
diabetes (T2D) among adults presenting with a first
diagnosis of diabetes.

Research design and methods A total of 500
consecutive patients were subject to clinical assessment
and laboratory investigations. We used data-driven cluster
analysis to identify phenotypes of T2D based on clinical
variables and Homeostasis Model Assessment (HOMA2)
of insulin sensitivity and beta-cell function estimated from
paired fasting blood glucose and specific insulin levels.
Results The cluster analysis identified three statistically
different clusters: cluster 1 (high insulin resistance and high
beta-cell function group), which included patients with low
insulin sensitivity and high beta-cell function; cluster 2 (low
insulin resistance and low beta-cell function group), which
included patients with high insulin sensitivity but very low
beta-cell function; and cluster 3 (high insulin resistance and
low beta-cell function group), which included patients with
low insulin sensitivity and low beta-cell function. Insulin
sensitivity, defined as median HOMA2-S, was progressively
increasing from cluster 1 (35.4) to cluster 3 (40.9), to cluster
2 (76) (p<0.001). On the contrary, beta-cell function, defined
as median HOMA2-3, was progressively declining from
cluster 1 (78.3) to cluster 3 (30), to cluster 2 (22.3) (p<0.001).
Clinical and biomarker variables associated with insulin
resistance like obesity, abdominal adiposity, fatty liver, and
high serum triglycerides were mainly seen in clusters 1 and
3. The highest median hemoglobin A1c value was noted in
cluster 2 (88 mmol/mol) and the lowest in cluster 1.
Conclusion Cluster analysis of newly diagnosed T2D in
adults has identified three phenotypes based on clinical
variables central to the development of diabetes and on
specific clinical variables of each phenotype.

INTRODUCTION

Type 2 diabetes (T2D) tends to have a complex
etiology that cannot be encapsulated by a
single feature. It broadly encompasses any
form of diabetes that is not type 1 diabetes,
Maturity Omnset Diabetes of the Young
(MODY) or secondary diabetes.! Although
patients with T2D often secrete large amounts
of insulin, insulin sensitivity and secretion are
imbalanced, and the increased concentra-
tion of insulin is not sufficient to meet the
increased demands imposed by obesity and
insulin resistance.” The mediating pathways
of hyperglycemia that contribute to beta-cell

Significance of this study

What is already known about this subject?

» Type 2 diabetes (T2D) is a common chronic disease
with complex etiology and high heterogeneity.

» It is characterized by varying degrees of insulin re-
sistance and insulin deficiency.

What are the new findings?

» T2D can develop at two extremes, with patients hav-
ing either beta-cell failure or insulin resistance.

» Using data-driven cluster analysis, we identified
three phenotypes of newly diagnosed diabetes in
adults, based on estimation of insulin secretion and
insulin sensitivity, key clinical characteristics, and
biomarker measures.

» We also considered early detection of microvascular
disease and prediction of diabetes-related cardio-
vascular complications.

How might these results change the focus of

research or clinical practice?

» For adult patients with newly diagnosed diabetes,
identifying the clinical phenotype from a single
fasting blood sample using the Homeostasis Model
Assessment-2 computer-based modeling, together
with clinical characteristics and biomarker mea-
sures, may allow more individualized and precision
medicine treatment of diabetes.

dysfunction include organs associated with
insulin resistance like the liver, skeletal muscle
and adipose tissue, leading ultimately to a
progressive decline of beta-cell function in
the face of insulin resistance.” Deterioration
of beta-cell function is reflected by elevated
fasting blood glucose and hemoglobin Alc
(HbAlc), and reduced insulin secretion.”
Evidence from the Whitehall II cohort
study’ indicated that insulin resistance and
intermittent hyperglycemia were found about
13 years before the diagnosis of T2D, and
unstable decompensation of beta-cell function
started about 2-6 years before the diagnosis at
a time when more sustained hyperglycemia at
pre-diabetes range developed in the face of
worsening insulin resistance. At the time of
diagnosis of T2D, decompensation becomes
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stable, making beta-cells unable to compensate for insulin
resistance due to reduced beta-cell mass with subsequent
rapid and higher blood glucose concentration.® There-
fore, individuals with this type of diabetes usually have
relative insulin deficiency due to progressive decline of
beta-cell insulin secretion frequently on the background
of peripheral insulin resistance.

The steady-state of basal plasma glucose and insulin
concentrations is determined by their interaction in
a feedback loop between the liver and the beta-cells,
thereby maintaining an effective insulin action in the
liver and at the periphery. A computer-solved model has
been used to predict the homeostatic concentrations
which arise from varying degrees of beta-cell deficiency
and insulin resistance. Comparison of a patient’s fasting
values with the model’s prediction allows a quantitative
assessment of the contributions of insulin resistance and
deficient beta-cell function to the fasting hyperglycemia
(Homeostasis Model Assessment, HOMA).> HOMA is the
oldest and the most widely used and published method
for estimation of insulin sensitivity and assessment of
beta-cell function. It offers some advantage over other
methods in that it permits comparisons among studies
that use the same metric.*"

The aim of the study was to classify adult patients
presented with newly diagnosed T2D into clinical subtypes
or phenotypes based on cluster analysis of commonly
measured variables; and to look at the associated clinical
and metabolic features, microvascular complications and
atherosclerotic cardiovascular disease (ASCVD) and risk
among these phenotypes at the time of a first diagnosis
of diabetes.

RESEARCH DESIGN AND METHODS

A total of 500 consecutive adult patients with newly diag-
nosed T2D were recruited into the study. Oral antidia-
betic drugs were stopped 2 days before the study to avoid
the effect of glucose-lowering drugs on fasting plasma
glucose and specific insulin levels. Patients on insulin
therapy and with type 1 diabetes and secondary diabetes
were all excluded. The remaining patients meeting the
criteria of T2D were enrolled into the study. To identify
subgroups of T2D, we did data-driven cluster classifica-
tion of all patients by k-mean cluster analysis based on
HOMA insulin sensitivity (HOMAZ2-%S) and beta-cell
function (HOMA2-%p) using the SPSS V.23 statistical
package, together with HOMA-insulin resistance (IR)
and other six variables, including age at diagnosis, body
mass index (BMI), waist circumference (WC), non-al-
coholic fatty liver disease (NAFLD), serum triglycerides
(TG) and HbAlc, which were measured in a single clinic
visit. For comparative purposes, HOMA modeling was
also conducted on 165 healthy control subjects with a
fasting plasma glucose <6.0 mmol/L. All patients were
subject to clinical assessment and laboratory investiga-
tions. Clinical assessment included detailed history data,
anthropometric measures and comprehensive clinical

examination. Laboratory investigations included fasting
plasma glucose (mmol/L) and specific insulin (pIU/L),
HbAlc (% [mmol/mol]) and estimated average glucose
(eAG, mmol/L), serum creatinine (pmol/L) and creat-
inine-based estimated glomerular filtration rate (eGFR,
mL,/min/1.73 m®) using the Chronic Kidney Disease-Ep-
idemiology Collaboration creatinine (CKD-EPI) equa-
tion, urine test and urine albumin to creatinine ratio
(ACR, mg/g), liver enzymes, fasting serum total,
high-density lipoprotein-cholesterol (HDL) and low-den-
sity lipoprotein-cholesterol (LDL) (mmol/L), serum
TG (mmol/L), and calculated total to HDIL-cholesterol
ratio. HOMAZ2 and quantitative insulin sensitivity check
index (QUICKI) were calculated from paired measured
fasting plasma glucose and specific insulin concentra-
tions, and were used in the cluster analysis to identify the
clinical phenotypes of T2D. We used the latest software
(V.2.2.3) of HOMA2 calculator released online by the
Diabetes Trial Unit, Oxford, UK. The computer model
was used to yield estimates of both beta-cell function
(HOMA2-%B) and insulin sensitivity (HOMA2-%S)."!
Hepatic insulin resistance (HOMA-IR) was calculated
according to Matthews et al’s formula.® The QUICKI, as
another surrogate index that correlates with HOMA in
determining insulin sensitivity in humans, was calculated
as mentioned elsewhere.'?

The baseline variables investigated were age at diag-
nosis of diabetes, gender, standard of education, dura-
tion since diagnosis (days), smoking status, family history
(FH) of diabetes, systolic blood pressure (SBP) and
diastolic blood pressure (DBP), previous diagnosis of
significant medical diseases, pre-diabetes, hypertension,
coronary heart disease (CHD) or stroke, and history of
gestational diabetes (GDM) in women. Patients had their
height (cm) and weight (kg) measured and their BMI
(kg/m?) calculated. Metabolic syndrome was diagnosed
according to the criteria suggested by the Joint Interim
statement.”> WC (cm) was measured mid-way between the
lower rib margin and the iliac crest, with waist enlarge-
ment being defined as the measure of WC that exceeded
a Middle East, Mediterranean sex-specific minimum WC
value." Lipid accumulation product (LAP) is a product
of WC and fasting serum TG."* WC is a surrogate measure
of visceral fat and TG is a surrogate measure of NAFLD."*

Retinal screen was conducted by two of the authors
(MAB and SAA-A), with retinal photographs taken when
indicated. Cardiac assessment was performed by one of
the authors (MMA-K), with ECG done for all patients
and echocardiography when indicated. NAFLD reflects
visceral fat accumulation'® and predicts increased risk
of T2D."® Its diagnosis was based on abdominal ultraso-
nography'® using Siemens machine (Sonoline), and its
severity was assessed by quartile of LAP."*

Laboratory work-up was performed by means of Abbott
Autoanalyzers (Abbott Laboratories, Abbott Park, Illi-
nois, USA). Abbott ARCHITECT c4000 system was used
for chemistry and Abbott ARCHITECT :1000SR system
for hormones and virology. Serum insulin was measured
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by Abbott ARCHITECT insulin assay, which is a chemi-
luminescent microparticle immunoassay for the quanti-
tative determination of human insulin in human serum.

The predicted future 10-year risk of cardiovascular
events was calculated for each patient at the time of
diagnosis based on existing cardiovascular risk factors
using the United Kingdom Prospective Diabetes Study
(UKPDS) Risk Engine.17 It is a T2D-specific online risk
calculator for CHD and stroke in individuals with newly
diagnosed diabetes and not known to have established
CHD. Those with established ASCVD were excluded and
categorized as extreme cardiovascular risk group.

Patients’ data were tabulated in an Excel spreadsheet
and statistical analysis was computed using the SPSS
V.23 statistical package. Data were presented in tables
and graphs. Frequencies and percentages were used to
describe qualitative data and the difference was exam-
ined by the X2 test. The mean, SD and 95% CI of the
mean were used to describe the quantitative data and the
difference was measured by t-test. The median values with
25%-75% IQR were used to show the central tendency
and its upper and lower quartiles as a preferred measure
to define high and low values with skewed distribution.
The Mann-Whitney U test was used as a non-parametric
statistical test comparing the medians of non-normally
distributed variables. Univariate analysis was used to show
the significant associations among the elements of qual-
itative data. A stepwise multivariate logistic regression
analysis was used to calculate adjusted ORs and the corre-
sponding 95% Cls for outcomes in relation to exposure
of interest. All statistical analyses were two-sided, using a
prespecified 5% significance level; that is, statistical signif-
icance was assigned to a p value <0.05. Data processing
was done using SPSS for Windows V.23.
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RESULTS

Among the recruited patients, 187 (37.4%) were women
and 168 patients (34%) had older adult-onset diabetes
(age at diagnosis >50 years). The median time from diag-
nosis to enrollment in the study was 14 days (IQR 7-42
days) in the entire study population.

In online supplementary table S1, the baseline general
characteristics of patients with T2D are presented by sex.
It shows that women had significantly higher mean values
of age, BMI, SBP and HDL-cholesterol as compared with
their male counterparts. On the contrary, men had signifi-
cantly higher mean values of eGFR, TG and TG:HDL-cho-
lesterol ratio than in women. The HOMA modeling
scatter plot in figure 1A,B shows data points representing
the reciprocal relationship between HOMA2-8 and
HOMAZ2-S for control subjects and patients with diabetes,
respectively. In figure 1A, there was a strong linear rela-
tionship between the two variables (r=-0.704, p<0.001),
whereas this relationship although significant (r=-0.164,
p<100) seems to be less linear. As shown in online supple-
mentary table S2, among the control group, the median
(IQR) value of HOMA2-%3 was 138.4 (106.4-176.4), for
HOMA2-%S was 55.9 (41.8-79.3) and for HOMA-IR was
2.7 (1.9-3.7). For every group of patients with diabetes
investigated in this study, the HOMA median values were
either significantly higher or lower than the background
control subjects according to the phenotype of diabetes,
as compared by Kruskal-Wallis test. The colored image
HOMA modeling in figure 2 focuses on clustering and
has identified three clusters of T2D: cluster 1 (high
insulin resistance and high beta-cell function group)
is characterized by very low insulin sensitivity and high
beta-cell function; cluster 2 (low insulin resistance and
low beta-cell function group) is characterized by high
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(A) Relationship between HOMA2-%[3 and HOMA2-%S for control subjects (n=165). (B) Relationship between

HOMA2-%[ and HOMA2-%S for all patients with diabetes (n=500). HOMA2-% 3, Homeostasis Model Assessment beta-cell
function; HOMA-%S, Homeostasis Model Assessment insulin sensitivity.
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Figure 2 HOMA modeling of phenotypes of T2DM. HOMA- represents HOMA2 beta cell function; HOMA-S represents
HOMAZ insulin sensitivity. Cluster 1 (high insulin resistance and high beta-cell function group [blue circles]) at the upper left

is characterized by severe insulin resistance (low HOMA2-%S on x-axis) and high beta-cell function (high HOMA2-%[ on
y-axis). Cluster 2 (low insulin resistance and low beta-cell function group [green circles]) at the lower right is characterized by
high insulin sensitivity (HOMA-S on x-axis) but severely reduced beta-cell function low HOMA2-% on y-axis). Cluster 3 (high
insulin resistance and low beta-cell function group [red circles]) is characterized both by insulin resistance (low HOMA2-%S
on x-axis) and reduced beta-cell function (low HOMA2-% on y-axis). Reference lines represent the median values of HOMA2
beta-cell function (horizontal line) and HOMA2-S insulin sensitivity (vertical line) of the background control group. HOMA,

Homeostasis Model Assessment; T2DM, type 2 diabetes mellitus.

insulin sensitivity but severely reduced beta-cell function;
and cluster 3 (high insulin resistance and low beta-cell
function group) is characterized both by low insulin sensi-
tivity and low beta-cell function. The graphs of HOMA-j3,
HOMA-S and HOMA-IR shown in online supplementary
figure SI compare the median values of the three vari-
ables between the three clusters. The greatest HOMA2-3
value was seen in cluster 1 and the greatest HOMAZ2-S
value in cluster 2. Cluster 3 showed both low HOMA-B
and HOMAZ2-S. HOMA-IR was high in clusters 1 and 3
and low in cluster 2.

The baseline clinical characteristics and biomarker
measures of the three clusters are shown in table 1.
The first cluster included 126 patients (25.2%) labeled
high insulin resistance and high beta-cell function T2D;
cluster 2 (218 patients, 43.6%) labeled low insulin resis-
tance and low beta-cell function T2D; and cluster 3
(156 patients, 31.2%) labeled high insulin resistance
and low beta-cell function T2D. This cluster classifica-
tion was based on the fact that insulin secretion defined
as median (IQR) HOMA2-% [ value was progres-
sively declining from cluster 1 to cluster 3, to cluster 2

(p<0.001). On the contrary, insulin action or insulin
sensitivity defined as median (IQR) HOMAZ2-%S value
was progressively increasing from cluster 1 to cluster 3,
to cluster 2 (p<0.001). Reciprocally, the mean (SD) (95%
CI) HOMA-IR index, as a measure of hepatic insulin
resistance, was progressively declining from cluster 1 to
cluster 3, to cluster 2 (p<0.001). The mean (SD) (95%
CI) QUICKI value, as an additional surrogate measure
of insulin sensitivity, was progressively increasing from
cluster 1 to cluster 3, to cluster 2 (p<0.001).

There was no significant difference in mean (SD) age
between the three clusters, but there were significant
differences in anthropometric and glycemic variables. The
mean (SD) or median (IQR) values of BMI, WC and LAP
were significantly higher in cluster 1 as compared with clus-
ters 3 and 2 (p<0.001 for each). Glycemic variables defined
as HbAlc and eAG were different between clusters. The
median (IQR) HbAlc% (mmol/mol) and eAG (mmol/L)
concentrations tended to be significantly higher in cluster
2 in comparison with clusters 1 and 3 (p<0.001 for each).

In table 2, potential risk factors likely related to the
development of T2D are illustrated. The frequencies of
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Table 1 Baseline key clinical characteristics and biomarker measures of patients with newly diagnosed type 2 diabetes by
clusters
Cluster 1: high Cluster 2: low insulin Cluster 3: high
insulin resistance resistance and low insulin resistance
and high beta-cell  beta-cell function and low beta-cell
Variables Overall patients function group group function group P value
Individuals (n) 500 126 218 156 0.03
Male/Female 313/187 87/39 141/77 85/71
Age (years)
Mean (SD) 47 (11) 47 (12) 46.8 (11.3) 47 (10) 0.98
Median (IQR) 47 (40-54) 46 (39-55) 46 (38-54) 47 (40-54)
HOMA2-%3
Mean (SD) 46 (43.1) 95 (54.5) 25.9 (18.3) 34.6 (21.7) <0.001
Median (IQR) 34 (16.9-61.5) 78.3 (60.5-113) 22.3 (11.9-34.8) 30 (16.5-48.3)
HOMA2-%S
Mean (SD) 57.3 (32.8) 35.4 (13.6) 81.2 (33.9) 41.5 (15.9) <0.001
Median (IQR) 50.5 (34.8-72.3) 34.3 (25.4-40.7) 76 (59.8-94.3) 40.9 (31.2-51.3)
HOMA2-IR
Mean (SD) 5.3(3.2) 7.2 (4.0) 3.3(1.3) 6.5 (3.0) <0.001
Median (IQR) 4.5 (3.1-6.7) 6.3 (4.5-8.8) 3.3(2.3-4.3) 6.4 (4.3-7.8)
QUICKI
Mean (SD) 0.308 (0.024) 0.295 (0.019) 0.324 (0.022) 0.297 (0.018) <0.001
Median (IQR) 0.306 (0.29-0.323) 0.294 (0.282-0.306) 0.319 (0.308-0.337)  0.293 (0.286-0.311)
eGFR (mL/min/1.73 m?
Mean (SD) 84 (16) 86 (17) 85 (15) 81 (16) 0.025
Median (IQR) 84 (74-94) 84 (75-93) 85 (75-95) 81 (70-92)
HbA1c (mmol/mol)
Mean (SD) 83 (24) 68 (19) 88 (25) 86 (24) <0.001
Median (IQR) 80 (62-100) 63 (53-77) 86 (68-106) 84 (69-101)
HbA1c (%)
Mean (SD) 9.7 2.2) 8.3(1.8) 10.3 (2.2) 10 (2.2) <0.001
Median (IQR) 9.5 (7.8-11.3) 7.9 (7.0-9.0) 10 (8.4-12) 9.8 (8.4-11.4)
eAG (mmol/L)
Mean (SD) 12.9 (3.6) 10.7 (2.9) 13.7 (3.6) 13.4 (3.4) <0.001
Median (IQR) 12.5(9.8-15.4) 9.8 (8.5-11.9) 13.3 (10.8-16.4) 13.0 (10.9-15.6)
BMI (kg/m?)
Mean (SD) 28.2 (4.9) 30.3 (5.4) 26.3 (4.1) 29 (4.7) <0.001
Median (IQR) 27.5 (24.8-30.5) 29.6 (26.8-32.3) 25.6 (23.5-29) 28.4 (25.6-31.1)
WC (cm)
Mean (SD) 100 (11) 105.2 (12.1) 95.2 (10) 101.6 (10.2) <0.001
Median (IQR) 99 (92-106) 104 (98-110) 94.5 (88-102) 100 (95-106.5)
LAP (cm.mmol/L)
Mean (SD) 73 (41) 84.8 (41.2) 59.6 (32.8) 82.8 (45.7) <0.001
Median (IQR) 64.5 (42-96) 79 (52-114.5) 52 (36-75) 77 (43-107)
SBP (mm Hg)
Mean (SD) 130 (18.6) 132.3 (19.8) 128 (16.8) 131.5 (19.7) 0.072
Median (IQR) 130 (120-140) 130 (120-140) 130 (120-140) 130 (120-140)
DBP (mm Hg)
Mean (SD) 80 (9.0) 80.4 (9.0) 79.4 (8.7) 80.6 (9.7) 0.431
Continued
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Table 1 Continued
Cluster 1: high Cluster 2: low insulin Cluster 3: high
insulin resistance resistance and low insulin resistance
and high beta-cell  beta-cell function and low beta-cell
Variables Overall patients function group group function group P value
Median (IQR) 80 (70-85) 80 (70-86) 80 (70-80) 80 (70-89)
Total cholesterol (mmol/L)
Mean (SD) 51(1.2) 51(1.1) 5.1(1.1) 5.2(1.3) 0.589
Median (IQR) 5.0 (4.3-5.7) 5.0 (4.4-5.8) 5.0 (4.3-5.6) 5.0 (4.3-5.7)
LDL-cholesterol (mol/L)
Mean (SD) 3.1 (1.0 3.1(1.1) 3.1 (1.0) 3.1 (1.0 0.95
Median (IQR) 3.0 (2.4-3.7) 3.0 (2.4-3.9) 3.0 (2.4-3.7) 3.0 (2.4-3.6)
TG (mmol/L)
Mean (SD) 2.29 (1.8) 2.4 (1.7) 2.1(1.6) 2.5(2.2) 0.062
Median (IQR) 2.0 (1.2-2.9) 2.0 (1.4-3.0) 2.0 (1.0-2.0) 2.0 (1.2-3.0)
TC/HDL
Mean (SD) 4.83 (1.5) 4.9(1.6) 4.68 (1.3) 5.0(1.7) 0.105
Median (IQR) 4.6 (3.82-5.5) 4.65 (3.8-5.5) 4.5 (3.8-5.5) 4.6 (4.0-5.8)
Non-HDL-C
Mean (SD) 4.0 (1.20) 41(1.1) 3.96 (1.1) 41(1.3) 0.41
Median (IQR) 4.0 (3.3-4.7) 4.0 (3.3-4.6) 3.9 (3.2-4.6) 3.95 (3.3-4.8)

BMI, body mass index; DBP, diastolic blood pressure; eAG, estimated average glucose; eGFR, estimated glomerular filtration rate;
HbA1c, hemoglobin A1c; HDL-C, high-density lipoprotein cholesterol; HOMA, Homeostasis Model Assessment; HOMA2-%[3, HOMA
beta-cell function; HOMA2-%S, HOMA insulin sensitivity; HOMA-IR, HOMA insulin resistance; LAP, lipid accumulation product; LDL,
low-density lipoprotein; QUICKI, quantitative insulin sensitivity check index; SBP, systolic blood pressure; TC, total cholesterol; TG,

triglyceride; WC, waist circumference.

all markers of insulin resistance, including obesity (BMI
>30 kg/m?), advanced abdominal adiposity (WC >102
[male]/>88 cm [female]), TG 22.3 mmol/L, NAFLD,
BMI 230 + TG 22.3, LAP cm.mmol/L >75 percentile (as
a marker of severe ectopic fat accumulation), and meta-
bolic syndrome, were significantly higher in clusters 1
and 3 compared with cluster 2 (p<0.001 for all variables,
except BMI 230 + TG=2.3 [p=0.012] and TG [p=0.005]).
On univariate analysis, both NAFLD and metabolic
syndrome were significant risk factors for clusters 1 and 3
as compared with cluster 2. The relative risk from NAFLD
was 2.7-fold for clusters 1 and 1.96-fold for cluster 3, and
that from metabolic syndrome was 1.6-fold for cluster
1 and 1.4-fold for cluster 3 (data analysis not shown).
The associations between NAFLD and insulin resistance
and clinical and biomarker variables are given in online
supplementary table S3. The frequencies of pre-existing
hypertension, smoking, ASCVD (CHD, stroke, revascular-
ization) and non-diabetic hyperglycemia states (impaired
fasting glucose, impaired glucose tolerance [IGT], GDM)
were not statistically different between the three clusters.
Established ASCVD was confirmed in 23 patients (4.6%),
especially among those with diabetes first diagnosed at
age 240 years.

The first-degree FH of diabetes in our cohort has shown
that nearly 272 patients (54.4 %) reported the presence
of adult-onset diabetes in at least one first-degree family
member, with about 466 first-degree relatives affected

with diabetes (112 fathers, 122 mothers, 162 brothers,
70 sisters and 17 grandparents). A substantial number
of patients (193/500, 38.6%) had one or both parents
affected by diabetes. Out of all positive FH patients,
the frequency was progressively decreasing from cluster
1 patient (61%) to cluster 3 patients (57%), to cluster
2 patients (48.6%). In total, 226 of 500 (45.2%) of our
patients had FH of diabetes in parent(s), sibling(s), or
single parent and sibling (FH+), and 46 of 500 (9.2%)
had 23 sibling(s) and parent(s) affected with diabetes
(FH++). An analysis of the familial aggregation of
diabetes among first-degree relatives by cluster group of
patients is given in online supplementary tale S4. This
table indicates that familial burden is strong in cluster
1, mild in cluster 3 and weak in cluster 2. Interestingly,
in cluster 1 only, there was a link between strong family
history (FH++) and hepatic insulin resistance, with the
median (IQR) HOMA-IR index significantly declining
from 8.51 (6.2-12.4) in FH++ to 6.4 (4.9-8.5) in FH+, to
5.5 (3.8-8.3) in (FH-) (p=0.048).

Of 425 patients having retinal screen, b patients (1.2%)
had non-proliferative diabetic retinopathy (NPDR), 3
mild and 2 moderate, distributed as 3 patients in cluster
2 and 1 patient in each of the other two clusters. Overall,
these patients were diagnosed with diabetes at an average
age of 48 years, and their Diabetic Retinopathy (DR)
was associated with poor overall glycemia defined as
mean (SD) HbAlc value of 10.8% (3.0) (95 [33] mmol/
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Table 2 Potential risk factors associated with newly diagnosed type 2 diabetes by clusters

Cluster 1: high

insulin resistance
and high beta-cell

Cluster 2: low insulin
resistance and low
beta-cell function

Cluster 3: high insulin
resistance and low
beta-cell function

Variables function group group group P value
Individuals (n) 126 218 156
Male/Female 87/39 141/77 85/71 0.03
Age at diabetes diagnosis (years), n (%)

Young (20-35) 26 (20.6) 37 (17) 22 (14) 0.65

Adult (>35-50) 55 (43.7) 108 (49.5) 84 (54)

Older adults (>50) 45 (35.7) 73 (33.5) 50 (32)
Educational level, n (%)

Not literate 54 (43) 96 (44) 76 (49) 0.65

Low (<9 years) 12 (10) 16 (7) 11(7)

Intermediate (10-12 years) 19 (15) 34 (16) 32 (20)

High (college and university) 41 (32) 72 (33) 37 (24)
Obesity (BMI =30 kg/m?), n (%) 56 (44.4) 42 (19.3) 58 (37.2) <0.001
Extreme abdominal adiposity (WC)
(cm) =102 (male)/>88 (female), n (%) 84 (66.7) 80 (36.7) 103 (66) <0.001
LAP >75th percentile (cm.mmol/L), n (%) 61 (48.4) 50 (23) 76 (48.7) <0.001
TG >2.3(mmol/L), n (%) 41 (32.5) 45 (20.6) 54 (34.6) 0.005
BMI =30 + TG >2.3, n (%) 14 (11.1) 10 (4.6) 20 (12.8) 0.012
Metabolic syndrome, n (%) 95 (75.4) 120 (55) 114 (73) <0.001
NAFLD, n (%) 110 (87.3) 119 (54.6) 130 (83.3) <0.001
Pre-existing hypertension, n (%) 45 (35.7) 68 (31.2) 62 (39.7) 0.23
Pre-existing ASCVD, n (%)
(CHD, stroke, revascularization) 9(7.1) 13 (6.0) 7 (4.5) 0.63
History of non-diabetic hyperglycemia
(IFG, IGT, GDM), n (%) 12 (9.5) 12 (5.5) 12 (7.7) 0.37
First-degree family history of diabetes, n (%) 77 (61) 106 (48.6) 89 (57) 0.23
Currently smoking, n (%) 27 (21.4) 67 (30.7) 47 (30) 0.15

ASCVD, atherosclerotic cardiovascular diseas; BMI, body mass index; CHD, coronary heart disease; GDM, gestational diabetes
mellitus; IFG, impaired fasting glucose; IGT, impaired glucose tolerance; LAP, lipid accumulation product; NAFLD, non-alcoholic fatty

liver disease; TG, serum triglyceride; WC, waist circumference.

mol), severe hyperglycemia defined as mean (SD) eAG
value of 16.7 (2.6) mmol/l, and elevated BP defined as
mean (SD) SBP of 132 (13) mm Hg/DBP 85 (9) mm Hg.
Pre-existing IGT was reported by one patient and hyper-
tension on treatment by four patients.

Kidney screen was carried out in all patients. Serum
creatinine-based eGFR, as a marker of renal function,
was measured in all patients with a finding of grades 1-2
(eGFR >60 mL/min/1.73 m?) in 468 patients (94%) and
grade 3a (eGFR 45-59 mL/min/1.73 m2) in 32 patients
(6.0%). Urinary infections were excluded or treated
if present. Urinary ACR, as a marker of nephropathic
risk, was measured in 497 patients (99%) with normo-
albuminuria (Al) (ACR <30 mg/g) among 210 patients
(42%) and microalbuminuria (A2) (ACR 30-299 mg/g)
among 287 patients (58%). Of all patients with microal-
buminuria, cluster 2 had the highest frequency (44.3%),
followed by cluster 3 (32.7%) and cluster 1 (23%). The
mean eGFR values were statistically comparable between

normoalbuminuria and microalbuminuria, and correla-
tions between urinary ACR level and clinical variables
and biomarker measures were not significant.

Using the UKPDS diabetes-specific risk engine, the
overall estimated baseline mean (SD) and median
(IQR) 10-year risk of developing CHD for 477 patients
without prior ASCVD were 13.6% (10.4) and 10.4%
(6.6%—16.8%), respectively. Its median value was signifi-
cantly increasing from cluster 1 to cluster 2, to cluster 3
(p=0.031). Their overall baseline mean (SD) HbAlc was
9.7% (2.2) (83 [24] mmol/mol), and the median (IQR)
value was 9.5% (7.9%-11.3%) (80 [63-100] mmol/mol).
Its median value was significantly increasing from cluster
1 to cluster 3, to cluster 2 (p<0.001). There were no
significant cluster differences in the mean values of age,
SBP, total cholesterol (TC) or LDL-cholesterol. Table 3
shows stepwise multivariate logistic regression analysis of
variables independently associated with high (>10%) esti-
mated baseline CHD risk versus low-risk group (<10%) in
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Table 3 Multivariate logistic regression analysis of variables independently associated with baseline 10-year estimated high
risk for CHD (>10%) in newly diagnosed T2DM without pre-existing ASCVD, using diabetes-specific UKPDS Risk Engine

95% CI for AOR

Variable B SE Wald P value AOR Lower Upper
Age >50 years 4.05 0.40 101.93 <0.001 57.10 26.04 125.22
Male gender 2.97 0.37 63.22 <0.001 19.53 9.39 40.62
Currently smoking 1.038 0.29 12.73 <0.001 2.81 1.59 4.94
HbA1c >9.0% 1.80 0.31 34.24 <0.001 6.05 3.31 11.06
(=75 mmol/mol)

TCEHDL-C ratio 1.67 0.34 23.77 <0.001 5.33 2.72 10.43
(=6, male; =5, female)

Metabolic syndrome 0.75 0.29 6.75 0.009 2.11 1.20 3.70

Cases (patients with baseline 10-year risk for CHD >10%), n=248; control (patients with baseline 10-year risk for CHD <10%), n=229.
AOR, Adjusted OR; ASCVD, Atherosclerotic Cardiovascular Disease;CHD, Coronary Heart Disease; HDL-C, high-density lipoprotein
cholesterol; HbA1c, hemoglobin A1c; TC, total cholesterol; T2DM, type 2 diabetes mellitus.

patients without prior ASCVD. Of seven variables showing
significant association on univariate analysis, six variables
retained their significant independent association with
high CHD risk on multivariate model. These variables
were old age, male gender, high HbAlc, high TC:H-
DL-cholesterol ratio, current smoking and metabolic
syndrome. Prior established ASCVD was confirmed in 23
patients (4.6%) especially among those with a diagnosis
of diabetes at age =240 years, but no cluster differences
in prevalence were noted. Their mean (SD) HbAlc at
diabetes diagnosis was 9.2% (2.4) (77 [27] mmol/mol).

DISCUSSION

T2D is a common chronic disease with complex etiology
and high heterogeneity.” ** In our study, we used a data-
driven cluster analysis in classifying patients presented
with newly diagnosed T2D into three clusters. Cluster 1
(high insulin resistance and high beta-cell function group)
was generally associated with the highest HOMA2-3 and
HOMA-IR scores and the lowest HOMA2-S score and
HbAlc value than was found in the other clusters. In
accord with other studies, insulin resistance was associ-
ated with abdominal adiposity (UKPDS Asians)," obesity
and high TG concentration,” and NAFLD.'® Cluster 2
(low insulin resistance and low beta-cell function group)
had the lowest HOMA2-B score, BMI, WC and LAP, and
the highest HOMAZ2-S score and HbAlc value than in
the other clusters. As in UKPDS Afro-Caribbeans,' high
HbAlIc was associated with greater impairment of beta-
cell function. Cluster 3 (high insulin resistance and low
beta-cell function group) was characterized by both low
insulin sensitivity (low HOMAZ2-S, high HOMA-IR) asso-
ciated with overweight, abdominal adiposity and NAFLD,
and high HbAlc associated with reduced beta-cell func-
tion (low HOMA2-B).

There is a recent trend in clinical research to identify
more refined subtypes of adult-onset diabetes in order to
accurately predict clinical outcomes and identify targeted
individualized therapy.'"® Three HOMA2-based studies

from Scandinavia were recently published that identi-
fied discrete subtypes of adult diabetes with different
pathophysiology. All New Diabetics in Scania (ANDIS)
and other four cohorts in Southern Sweden and Western
Finland study”' recruited patients with new and long-
term diagnosis and identified five diabetes clusters based
on genetic and non-genetic variables; the Danish Centre
for Strategic Research in Type 2 Diabetes (DD2) study in
Denmark™ recruited patients with short disease duration
and identified three clusters based on clinical variables;
and the Steno Diabetes Center Copenhagen (SDCC)
study in Denmark® recruited patients with short and
long disease duration and identified five clusters based
on clinical variables. The higher cluster prevalence rates
reported were cluster 2 (low insulin resistance and low
beat-cell function group) (43.6%) in our study; cluster
5 (mild agerelated diabetes) (39.1%) in the ANDIS
cohorts®!; cluster 2 (classical T2D) (63.1%) in the DD2
cohort22; and cluster 4 (insulin resistant, obese with
long-disease duration) (32%) in the SDCC cohort.?

Patients in cluster 1 (high insulin resistance and high
beta-cell function group) in our study are younger
but showed similar trajectories to those with cluster 3
(severe insulin-resistant diabetes) in the ANDIS cohort®!
and hyperinsulinemic T2D in the DD2 cohort,”* and
subgroups 2, 4 and 5 in the SDCC cohort.”” All were char-
acterized by high HOMA-IR and HOMA-B scores, and
high BML

Cluster 3 (high insulin resistance and low beta-cell
function group) in our study is similar to classical T2D
phenotype in the DD2 cohort® and subgroup 5 in the
SDCC cohort® in having insulin resistance (high HOMA-
IR), reduced beta-cell function (low HOMA2-B) and high
BMI. Furthermore, our cluster 3 and subgroup 5 in the
SDCC cohort™ were associated with high frequency of
metabolic syndrome.

Our findings in cluster 2 were in line with those
of cluster 2 (severe insulin-deficient diabetes) in the
ANDIS cohort,”" cluster 2 (insulinopenic T2D) in the
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DD2 cohort,” and cluster 3 (non-autoimmune beta-cell
failure diabetes) in the SDCC cohort.? All are charac-
terized by high insulin sensitivity (high HOMAZ2-S) but
severely reduced beta-cell function (very low HOMA2-B).
In all cohorts, patients were non-obese with smaller WC
and poor metabolic control. Autoimmune insulin-defi-
cient diabetes was reported only by ANDIS®! and SDCC*
studies but not by DD2 or our cohorts.

Patients’ glycemia at the time of the study, defined as
HbAlc value, was high in our cluster 2, ANDIS clusters 1
and 2, and SDCC clusters 1 and 3, and low in our cluster
1 and other cohort clusters with mild-severe insulin resis-
tance and short-long disease duration.

An FH of diabetes is a strong risk factor for T2D, with
a familial risk estimated to be about 2.4-fold versus FH-
patients.** In a recent study, Bennet et al® found that
45.7% of the total Iraqis born in Iraq but immigrants
in Sweden, vs 27.4% of Iragis born in Sweden (native
Swedes), had mild FH burden of diabetes (FH+). They
also found that approximately 8.0% of Iraqis born in Iraq
vs 0.7% of those born in Sweden had strong FH burden
of diabetes (FH++). In our study, like Iraqi immigrants,
45.5% of patients had FH+ and 9.2% had FH++. These
findings may suggest a strong familial burden of T2D in
Eastern Mediterranean populations as compared with
native Swedish population. In Yemen, ** we have previ-
ously noted that the development of early-onset T2D
among the offspring was more likely associated with a
consanguineous and/or conjugal parents with diabetes.
An increasing level of FH burden was associated with
reduced beta-cell function both in immigrant Iraqis in
Sweden® and in Botnia Finish population.** The modest
increase in insulin resistance with increasing FH burden
observed in our insulin-resistant patients was also noted
in Botnia study.

The gradual development of T2D with estimated 9-12
years’ delay in diagnosis is thought to predict the occur-
rence of retinopathy in newly diagnosed T2D.?” Of the
425 patients examined at entry to our study, only 5 (1.2%)
had mild or moderate NPDR. In the Diabetes Prevention
Program trial,?’ retinopathy consistent with diabetic reti-
nopathy was detected in 7.9% of persons with pre-dia-
betes and 12.6% of patients with new-onset diabetes. In
the UKPDS,* of the 3709 patients who had good-quality
retinal photographs at entry, 708 (19%) had microaneu-
rysms (MA) in one eye, 176 (5%) had MA in both eyes
and 509 (14%) had more severe retinopathy. At entry to
the UKPDS trial, patients with higher blood glucose levels
were more likely to have retinopathy, possibly reflecting
alonger duration of diabetes before diagnosis. The small
number of patients with retinopathy at entry to our study
might be attributed to lack of retinal photography of all
patients and/or the shorter duration of diabetes before
diagnosis.

In diabetes, nephropathy and chronic kidney disease
(CKD) are independent and coexisting harbingers of
end-stage renal failure and increased cardiovascular
morbidity and mortality.” Microalbuminuria alone may

not provide optimal identification of patients with T2D
at high risk of renal impairment, unless associated with
other risk factors like elevated blood pressure.”” There
was no evidence of significant CKD at the time of diag-
nosis of diabetes in our study, since about 94% of our
patients had eGFR >60 mL/min/1.73 m?. Although
causes other than diabetes were excluded, the increased
prevalence of microalbuminuria at initial screen might
be attributed to uncontrolled hyperglycemia. Persistent
microalbuminuria seems unlikely, since a diagnosis like
this requires at least two of three positive urine tests
repeated over 3—-6 months.

Patients with diabetes are known to be at a greater risk
of experiencing cardiovascular complications compared
with people without diabetes. Just having the label of
diabetes against no diabetes doubles the risk for CHD,
stroke and death from vascular events, independently
from other conventional cardiovascular risk factors.” In
the present study, the overall baseline mean (SD) risk of
developing CHD over 10 years for patients without prior
ASCVD was 13.6% (1.4), and their baseline mean (SD)
HbAlc% was 9.7% (2.2) (83 [24] mmol/L). The higher
frequency of CHD risk was noted in clusters 3 and 2 and
the lower in cluster 1. In a previous study,” using the
same UKPDS Risk Engine among 38 670 patients without
prior ASCVD, we found a higher risk mean (SD) CHD
risk of 20% (15), but comparable mean (SD) HbAlc of
9.6% (1.9). Risk factors independently associated with
higher future risk of CHD in this study were old age at
diabetes diagnosis, male gender, smoking, poor glycemic
control, high total to HDL-cholesterol ratio and meta-
bolic syndrome.

There are some limitations in our study that require
comment. First, although insulin-based HOMA2
modeling was sufficient in clinical practice, measuring
C peptide has recently been used in supporting the
diagnosis of insulin resistance and insulin deficiency.”
Glutamic Acid Decarboxylase (GAD) antibody testing
allows prediction of autoimmune diabetes and definition
of the latent autoimmune diabetes in adult subgroup of
non-insulin-treated patients.” If both have been used, it
might be possible to divide our cluster 2 into two subtypes,
autoimmune and non-autoimmune insulin-deficient
diabetes. Second, we only took retinal photographs for a
small number of patients, and we did not grade a retinop-
athy severity level as recommended by the Early Treat-
ment of Diabetic Retinopathy Study (ETDRS) study scale
used in the UKPDS.*

In conclusion, data-driven cluster analysis of newly
diagnosed T2D in adults has identified three pheno-
types based on clinical variables and biomarker
measures central to the development of diabetes, and
on specific clinical and metabolic characteristics of each
phenotype. Screening for microvascular and macro-
vascular complications at time of the first diagnosis of
diabetes is essential to identifying patients with or at risk
of these complications and to individualizing treatment
decision.

BMJ Open Diab Res Care 2018;6:€000587. doi:10.1136/bmjdrc-2018-000587



Clinical Care/Education/Nutrition

Acknowledgements The authors wish to thank Dr Farouk AS Al-Qadasi for his
assistance with statistical analysis.

Contributors Conceived and designed the study: AAG. Examined the patients:
MMA-K. Cardiovascular assessment: MAB and SAA-A. Eye assessment: AAG and
ANA-R. Comprehensive clinical assessment and analyzed the data: AAG. Wrote the
first draft: AAG. Contributed to the writing of the manuscript: AAG, MMA-K, MAB,
SAA-A and ANA-R. Agreed with manuscript results and conclusions: AAG, MMA-K,
MAB, SAA-A and ANA-R. Jointly developed the structure and arguments for the
paper: AAG, MMA-K, MAB, SAA-A and ANA-R. Made critical appraisal and approved
the final version: AAG. All authors reviewed and approved the final manuscript.

Funding The authors have not declared a specific grant for this research from any
funding agency in the public, commercial or not-for-profit sectors.

Competing interests None declared.

Patient consent for publication Obtained.

Provenance and peer review Not commissioned; externally peer reviewed.
Data sharing statement No additional data are available.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the
use is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

REFERENCES

1. Leslie RD, Palmer J, Schloot NC, et al. Diabetes at the crossroads:
relevance of disease classification to pathophysiology and
treatment. Diabetologia 2016;59:13-20.

2. Tuomi T, Santoro N, Caprio S, et al. The many faces of diabetes: a
disease with increasing heterogeneity. Lancet 2014;383:1084-94.

3. Schwartz SS, Epstein S, Corkey BE, et al. The time is right for a new
classification system for diabetes: rationale and implications of the
B-cell-centric classification schema. Diabetes Care 2016;39:179-86.

4. Yagihashi S. Clinical staging of type 2 diabetes: the time has come.
J Diabetes Investig 2012;3:1-2.

5. Feerch K, Witte DR, Tabak AG, et al. Trajectories of cardiometabolic
risk factors before diagnosis of three subtypes of type 2 diabetes: a
post-hoc analysis of the longitudinal Whitehall Il cohort study. Lancet
Diabetes Endocrinol 2013;1:43-51.

6. Weir GC, Bonner-Weir S. Five stages of evolving beta-cell
dysfunction during progression to diabetes. Diabetes 2004;53(Suppl
3):S16-S21.

7. American Diabetes Association. Classification and diagnosis of
diabetes. Diabetes Care 2017;40(Suppl 1):S11-S24.

8. Matthews DR, Hosker JP, Rudenski AS, et al. Homeostasis model
assessment: insulin resistance and beta-cell function from fasting
plasma glucose and insulin concentrations in man. Diabetologia
1985;28:412-9.

9. McAuley KA, Mann J, Chase JG, et al. HOMA: point: the best for
the simple determination of insulin sensitivity, until something better
comes along. Diabetes Care 2007;30:2411-2013.

10. Wallace TM, Levy JC, Matthews DR. Use and abuse of HOMA
modeling. Diabetes Care 2004;27:1487-95.

11. Diabetes Trial Unit (DTU) - The Oxford Centre for Diabetes,
Endocrinology and Metabolism, 2014. HOMA CALCULATOR.
(version 2.2.3). Available from: http://www.dtu.ox.ac.uk/
homacalculator

12. Chen H, Sullivan G, Quon MJ. Assessing the predictive accuracy of
QUICKI as a surrogate index for insulin sensitivity using a calibration
model. Diabetes 2005;54:1914-25.

13. Alberti KG, Eckel RH, Grundy SM, et al. Harmonizing the metabolic
syndrome: a joint interim statement of the International Diabetes
Federation Task Force on Epidemiology and Prevention; National
Heart, Lung, and Blood Institute; American Heart Association;
World Heart Federation; International Atherosclerosis Society;
and International Association for the Study of Obesity. Circulation
2009;120:1640-5.

14.

15.

16.

17.

18.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Bedogni G, Kahn HS, Bellentani S, et al. A simple index of lipid
overaccumulation is a good marker of liver steatosis. BMC
Gastroenterol 2010;10:10.

Hamaguchi M, Kojima T, Itoh Y, et al. The severity of
ultrasonographic findings in nonalcoholic fatty liver disease reflects
the metabolic syndrome and visceral fat accumulation. Am J
Gastroenterol 2007;102:2708-15.

Mantovani A, Byrne CD, Bonora E, et al. Nonalcoholic fatty liver
disease and risk of incident type 2 diabetes: a meta-analysis.
Diabetes Care 2018;41:372-82.

Diabetes Trial Unit (DTU) - The Oxford Centre for Diabetes,
Endocrinology and Metabolism, 2009. UKPDS Risk Engine (version
2.01). Available from: http://www.dtu.ox.ac.uk/riskengine

Sladek R. The many faces of diabetes: addressing heterogeneity of a
complex disease. Lancet Diabetes Endocrinol 2018;6:348-9.

UK Prospective Diabetes Study Group. UK Prospective Diabetes
Study. XII: Differences between Asian, Afro-Caribbean and white
Caucasian type 2 diabetic patients at diagnosis of diabetes. UK
Prospective Diabetes Study Group. Diabet Med 1994;11:670-7.
Dennis JM, Shields BM, Hill AV, et al. Precision medicine in type 2
diabetes: clinical markers of insulin resistance are associated with
altered short- and long-term glycemic response to DPP-4 inhibitor
therapy. Diabetes Care 2018;41:705-12.

Ahlqgvist E, Storm P, Kardjamaki A, et al. Novel subgroups of
adult-onset diabetes and their association with outcomes: a data-
driven cluster analysis of six variables. Lancet Diabetes Endocrinol
2018;6:361-9.

Stidsen JV, Henriksen JE, Olsen MH, et al. Pathophysiology-
based phenotyping in type 2 diabetes: A clinical classification tool.
Diabetes Metab Res Rev 2018;34:e3005-11.

Safai N, Ali A, Rossing P, et al. Stratification of type 2 diabetes
based on routine clinical markers. Diabetes Res Clin Pract
2018;141:275-83.

Isomaa B, Forsén B, Lahti K, et al. A family history of diabetes

is associated with reduced physical fitness in the Prevalence,
Prediction and Prevention of Diabetes (PPP)-Botnia study.
Diabetologia 2010;53:1709-13.

Bennet L, Franks PW, Zéller B, et al. Family history of diabetes and
its relationship with insulin secretion and insulin sensitivity in Iraqi
immigrants and native Swedes: a population-based cohort study.
Acta Diabetol 2018;55:233-42.

Gunaid AA. Familial clustering of type Il diabetes mellitus (DM)
diagnosed under the age of 40 years in Yemen: Is it early-onset
type Il DM or maturity-onset diabetes of the young? Ann Saudi Med
1999;19:308-16.

Diabetes Prevention Program Research Group. The prevalence of
retinopathy in impaired glucose tolerance and recent-onset diabetes
in the Diabetes Prevention Program. Diabet Med 2007;24:137-44.
KohnerEM, Stratton IM, Aldington SJ, et al. Relationship between
the severity of retinopathy and progression to photocoagulation in
patients with Type 2 diabetes mellitus in the UKPDS (UKPDS 52).
Diabet Med 2001;18:178-84.

Mark PB, Winocour P, Day C. Management of lipids in adults with
diabetes mellitus and nephropathy and/or chronic kidney disease:
summary of joint guidance from the Association of British Clinical
Diabetologists (ABCD) and the Renal Association (RA). British
Journal of Diabetes 2017;17:64-72.

Retnakaran R, Cull CA, Thorne Ki, et al. Risk factors for the

renal dysfunction in Type 2 diabetes (UKPDS 74). Diabetes
2006;55:1832-9.

Sarwar N, Gao P, Seshasai SR, et al. Diabetes mellitus, fasting blood
glucose concentration, and risk of vascular disease: a collaborative
meta-analysis of 102 prospective studies. Lancet 2010;375:2215-22.
Gunaid AA, Soewondo P, Shah S. Estimating reduction in
cardiovascular risk from changes in surrogate outcomes in
participants in the A1chieve study using the UKPDS risk engine.
[Abstract: P-131]. Diabetes Care 2012;9:36. Presented at First
American Diabetes Association- Middle East (ADA-ME) Congress.
Dubai, UAE, 4-6 December 2012.

Jones AG, Hattersley AT. The clinical utility of C-peptide
measurement in the care of patients with diabetes. Diabet Med
2013;30:803-17.

Bingley PJ. Clinical applications of diabetes antibody testing. J Clin
Endocrinol Metab 2010;95:25-33.

10

BMJ Open Diab Res Care 2018;6:€000587. doi:10.1136/bmjdrc-2018-000587


http://creativecommons.org/licenses/by-nc/4.0/
http://dx.doi.org/10.1007/s00125-015-3789-z
http://dx.doi.org/10.1016/S0140-6736(13)62219-9
http://dx.doi.org/10.2337/dc15-1585
http://dx.doi.org/10.1111/j.2040-1124.2011.00192.x
http://dx.doi.org/10.1016/S2213-8587(13)70008-1
http://dx.doi.org/10.1016/S2213-8587(13)70008-1
http://dx.doi.org/10.2337/diabetes.53.suppl_3.S16
http://dx.doi.org/10.2337/dc17-S005
http://dx.doi.org/10.1007/BF00280883
http://dx.doi.org/10.2337/diacare.27.6.1487
http://www.dtu.ox.ac.uk/homacalculator
http://www.dtu.ox.ac.uk/homacalculator
http://dx.doi.org/10.2337/diabetes.54.7.1914
http://dx.doi.org/10.1161/CIRCULATIONAHA.109.192644
http://dx.doi.org/10.1186/1471-230X-10-98
http://dx.doi.org/10.1186/1471-230X-10-98
http://dx.doi.org/10.1111/j.1572-0241.2007.01526.x
http://dx.doi.org/10.1111/j.1572-0241.2007.01526.x
http://dx.doi.org/10.2337/dc17-1902
http://www.dtu.ox.ac.uk/riskengine
http://dx.doi.org/10.1016/S2213-8587(18)30070-6
http://dx.doi.org/10.1111/j.1464-5491.1994.tb00331.x
http://dx.doi.org/10.2337/dc17-1827
http://dx.doi.org/10.1016/S2213-8587(18)30051-2
http://dx.doi.org/10.1002/dmrr.3005
http://dx.doi.org/10.1016/j.diabres.2018.05.014
http://dx.doi.org/10.1007/s00125-010-1776-y
http://dx.doi.org/10.1007/s00592-017-1088-5
http://dx.doi.org/10.5144/0256-4947.1999.308
http://dx.doi.org/10.1111/j.1464-5491.2007.02043.x
http://dx.doi.org/10.1046/j.1464-5491.2001.00458.x
http://dx.doi.org/10.15277/bjd.2017.125
http://dx.doi.org/10.15277/bjd.2017.125
http://dx.doi.org/10.1016/S0140-6736(10)60484-9
http://dx.doi.org/10.1111/dme.12159
http://dx.doi.org/10.1210/jc.2009-1365
http://dx.doi.org/10.1210/jc.2009-1365

	Clinical phenotyping of newly diagnosed type 2 diabetes in Yemen
	Abstract
	Introduction﻿﻿
	Research design and methods
	Results
	Discussion
	References


