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Abstract

Aim: To study the clinical and metabolic characteristics of newly diagnosed type 2 diabetes (T2DM) in urban clinics (CDD) and also to compare with the
screen detected new diabetes cases (SDD) during an urban population survey.

Methods: Newly diagnosed T2DM (aged 20-60 years, n=741), based on blood glucose and Glycosylated haemoglobin (HbA1lc) of 26.5% (48 mmol/mol)
were selected. Demography, anthropometry, blood pressure, glycaemic and lipids profiles were analysed. Relevant statistical tests were used for group
comparisons.

Results: Both groups had young age (45.0 + 8.6 years) at diagnosis. Fasting blood glucose (p<0.05) and HbAlc (p<0.0001) were higher in CDD. Mean
values of HbAlc were 9.1 + 2.3% (76 + 20 mmol/mol) in CDD and 8.3 + 2.4% (67 = 19 mmol/mol) in SDD (p<0.0001). Values of HbAlc were higher
than 29.0% (75 mmol/mol) in 44.6% of CDD versus 26.4% of SDD (z=4.60, p<0.0001). SDD had higher body mass index (p<0.0001), abdominal obesity
(p<0.005), hypertension (p<0.0001), cholesterol (p<0.005) and low density lipoprotein cholesterol (p<0.05) than CDD.

Conclusion: Both groups had young age at diagnosis. CDD had more severe glycaemia than SDD, probably suggesting that the clinic visits were delayed
and therefore had longer period of undiagnosed diabetes. In comparison to CDD, SDD had higher metabolic abnormalities although the HbAlc values
were lower.
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Introduction conducted in 15 states of India [7] as well as in a cohort study of 10

. . . . years follow-up in the urban area in southern India [8].
Many developing countries show a rising trend in the prevalence

and also in the incidence of type 2 diabetes T2DM [1-3]. Recently,
a systematic review of studies on trends in the incidence of T2DM
among adults in developed countries has shown that between 2006
and 2014, 27% of the reported populations had a stable incidence
over time, while 36% reported a declining trend and 36% reported an
increasing trend in the incidence of T2DM [4]. The declining trend
in the incidence has been shown mostly in the developed countries.
A huge clinical burden of newly diagnosed T2DM is present in
developing countries. There is only limited real-world data describing
the clinical characteristics of such patients [5].

The prevalence of diabetes is increasing rapidly in India, which is
estimated to be 77 million adults in 2019 [1]. A recent epidemiological
study done in urban India showed that, the prevalence and incidence
of diabetes have increased significantly in all areas, including the Peri
Urban Villages (PUV) of Tamil Nadu [2]. Using the data from the two
studies conducted in 2006 [6] and 2016 [2] to estimate the incidence
of diabetes, it was noted that, a sharper increase in the incidence
occurred in the urban areas when compared with the villages [2]. A
similar observation was made in the INdia DIABetes (INDIAB) study
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Several peculiar features are seen among the newly diagnosed
South Asian populations with T2DM such as, younger age at onset,
delayed clinical diagnosis due to lack of public awareness regarding
the disease, reluctance to undergo periodic medical check-up and a
long asymptomatic phase of T2DM [3,9]. The diagnosis of diabetes
is often delayed, more so in the developing societies. Previous studies
have described the characteristics of patients attending the clinics,
who are under treatment [3,6,8]. There is sparse data on the profile of
clinically diagnosed new T2DM patients in India.

The aim of this project was to study the clinical and metabolic
characteristics of newly diagnosed adult T2DM patients from different
clinics (CDD). We compared the profile with that of new T2DM identified
during an epidemiological screening of urban population (SDD) [2].

Methods and Materials

Study Subjects

This is a study of newly diagnosed adult T2DM from 12 different
centres located in four southern states of India. Patients with a previous
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history of diabetes or had taken anti-diabetes treatment were excluded
from the study by the clinicians. Persons with prediabetes were also
excluded. Details of men and women in the selected age group, who
were treatment naive were collected and analysed. For comparison,
a group of newly detected T2DM subjects from an epidemiological
survey of the urban population was taken.

All participants reported on fasting on the day of testing. In the
clinics, the diagnosis of diabetes was based on blood glucose (fasting
blood glucose 27.0 mmol/l and/2 hour Post Prandial Glucose (PPG)
>11.1 mmol/l) [10]. In the epidemiological study, diagnosis was made
based on fasting and 2 h Post Blood Glucose (PBG) values. The 2 hour
PBG was measured after giving 75 g of glucose load. We selected only
patients who had an HbA1c value of 26.5% (48 mmol/mol) [11]. The
total number of subjects analysed was 741, comprising of 514 from
CDD and 227 from SDD; Identifier: NCT03490136 [2].

All centres followed uniform and standardised procedures for
metabolic and clinical assessments. The study details and methodology
were discussed in a meeting of the investigators, participating
physicians and the researchers prior to the commencement of the
study.

The Ethics Committee of the India Diabetes Research Foundation
and Dr. A. Ramachandran’s Diabetes Hospitals approved the study.
A written informed consent was obtained from all participants prior
to the enrollment, at all centres. It was also agreed that the identity of
the participants would not be disclosed. All study procedures were
carried out in accordance to the ethical guidelines.

Clinical Assessments

Age, sex and presence of family history of diabetes were collected.
Height was measured to the nearest centimeter using a stadiometer
with the patient standing erect. Weight was measured to the nearest
0.1 kg using a digital weighing scale. Body mass index (BMI) was
calculated as weight in kilograms divided by the square of height in
meters. Generalized obesity was defined as BMI >23.0 kg/m*, BMI
between >23.0 and 24.9 kg/m?was considered overweight, and BMI
>25.0 kg/m?* was defined as obese. Waist circumference (WC), the
smallest girth between the coastal margin and the iliac crest, was
measured. Abdominal obesity was indicated by WC of >90 cm for
men and >80 cm for women. Blood pressure was measured in the
sitting position using the electronic measuring device (Omron
HEM 7132; Omron, Tokyo, Japan). An average of two readings
taken at 5-minutes’ interval was recorded. Persons with a history of
hypertension and those with newly diagnosed diabetes with blood
pressure readings >140/90 mmHg were categorized as hypertensive.
All the clinical and metabolic details were recorded in a standardised
questionnaire.

Biochemical Assessments

Glucose was measured in the respective study centres by the
glucose oxidase method. Other biochemical parameters such as
HbAlc and lipid profile were estimated at the central laboratory
(Dr. A. Ramachandran’s Diabetes Hospitals, Chennai). Glycosylated
haemoglobin (HbA 1c) was measured by immunoturbidimetry (TINA-
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QUANT II; Roche Diagnostics Corporation, Germany); a procedure
certified by the National Glycohemoglobin Standardization Program.
Fasting serum lipid profile was estimated by standard enzymatic
procedures using the reagents of Roche Diagnostics, Germany. HDLc
was estimated by the direct assay. Samples were shipped to the central
laboratory between 2° and 8°C on the same day of collection.

Statistical Analyses

Data are presented as mean + standard deviation (SD) for
continuous variables with a normal distribution, as median with
interquartile range for skewed continuous variables and as number
and frequency (%) for categorical variables. Independent samples t
test, chi-square or Z - test were used to assess group differences for
continuous variables and categorical variables respectively. Mann
Whitney U test was used for skewed variables. A p value of <0.05 was
considered statistically significant. Statistical analyses were performed
using SPSS version 21.0.

Results

Table 1 shows the demographic and anthropometric characteristics
of the two groups with newly diagnosed T2DM. CDD had higher
percentage of men than SDD (p<0.05). Both groups had similar mean
age at diagnosis (45.2 * 8 years). The mean BMI was higher in SDD
(p<0.0001). Prevalence of overweight and obesity were similar in
both the groups. Women in SDD had higher WC (p<0.005) and the
percentage of abdominal obesity (=80 cm) was also higher in SDD

Table 1: Demographic and anthropometric characteristics of the study groups with newly
diagnosed type 2 diabetes.

Clinically diagnosed Diagnosed.during
(n=514) screening
(CDD) (n=227)
(SDD)

Men (n, %) 313 (60.9)* 117 (51.5)
Positive family history of DM (n, %) 175 (34.0) 92 (40.5)
Age (yrs) 452+ 86 45.0£8.6
BMI (kg/m?) 253+3.7 27.3 £4.6°
Nonobese < 22.9 (n, %) 101 (19.6) 39 (17.2)
Overweight & Obese > 23.0 (n, %) 413 (80.4) 188 (82.8)
Waist Circumference (cm)
Men (cm) 919+ 8.9 93.0+9.8
Women (cm) 88.7 £ 10.6 91.8 +£10.8*
Men > 90 (n, %) 195 (37.9) 73 (32.2)
Women > 80 (n, %) 164 (31.9) 94 (41.4)*
Blood Pressure
Systolic Blood Pressure (mm Hg) 128 +13 127+ 18
Diastolic Blood Pressure (mm Hg) 81+9 86+ 11°%
BP > 140/90 mm Hg (n, %) 54 (10.5) 44 (19.4)*

Data are presented as mean + SD for continuous variables with normal distribution and
as frequency (%) for categorical variables. Independent samples t test and chi-square test
or Z test were used to test inter group differences for continuous variables and categorical
variables.

CDD vs. SDD="p< 0.05; *p< 0.005; $p< 0.0001.

CDD, Clinically Diagnosed Diabetes; SDD, Screen Detected Diabetes; BMI, Body Mass
Index; BP, Blood Pressure.
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Table 2: Metabolic profile of the study groups with newly diagnosed type 2 diabetes.

Clinically diagnosed Dlagnosed.durmg
screening
(n=514)
(CDD) (n=227)
(SDD)

Glycemic Parameters
Fasting blood glucose (mmol/l) 9.8 £3.3* 9.3+£32
2 hour post blood glucose (mmol/I) 154+44 153+4.2

HbA1lc % (mmol/mol) 9.1 £2.3(76.1+ 19.8)° |8.3 + 2.4 (66.8 + 19.0)

HbAlc 2 8.0% (64 mmol/mol) (n, %) 349 (67.9) * 96 (42.3)
HbA1lc>9.0% (75 mmol/mol) (n, %) 229 (44.6) ® 60 (26.4)
Lipid Profile (n) 243 222
Triglyceride (mmol/l) 1.8(1.3-2.7) 1.8(1.3-2.8)
Total Cholesterol (mmol/l) 48+1.0 51+1.17
LDLc (mmol/1) 34+09 3.6+ 1.0%
HDLc (mmol/l) 1.0+0.3 1.0+0.2

Data are presented as mean + SD for continuous variables with a normal distribution, as
median with interquartile range for skewed continuous variables and as frequency (%) for
categorical variables. Independent samples t test and chi-square test or Z test were used
to test intergroup differences for continuous variables and categorical variables. Mann
Whitney U test was used for skewed variables.

CDD vs. SDD=*p<0.05; “p<0.005; *p<0.0001

CDD: Clinically Diagnosed Diabetes; SDD: Screen Detected Diabetes; HbAlc:
Glycosylated hemoglobin; LDLc: Low Density Lipoprotein Cholesterol; HDLc: High
Density Lipoprotein Cholesterol.

(p<0.05). SDD had higher mean diastolic blood pressure (p<0.0001)
and higher percentage of hypertension (p<0.005).

Table 2 shows the metabolic profile of the study groups. SDD had
lower FBG (p<0.05) and HbAlc (p<0.0001) when compared with
CDD. Among the total cohort of 741, 445 (60.1%) had HbAlc values
>8.0% (64 mmol/mol), of which 289 (39.0%) had values >9.0% (75

mmol/mol).

It was observed that alarger proportion of CDD (67.9%) had values
of 28.0% (64 mmol/mol) versus 42.3% of SDD (z=6.47, p<0.0001).
HbAlc values 29.0% (75 mmol/mol) were present in 44.6% in CDD
versus 26.4% in SDD (z=4.60, p<0.0001). Among the lipid variables,
total cholesterol (p<0.005) and Low Density Lipoprotein cholesterol
(LDLc) (p<0.05) were higher in SDD.

Discussion

There have been many reports highlighting the differences in
the clinical profile of diabetes between South Asians and the western
populations [12,13]. But, there is sparse data on the clinical and
metabolic characteristics of newly diagnosed T2DM from India. In this
communication we report the clinical and metabolic characteristics
of newly diagnosed diabetes patients recruited from different centres
in southern India (CDD). The group represents the urban population
with diabetes. We compared its clinical profile with a group of
undiagnosed diabetes detected during an urban epidemiological
survey (SDD).

In our study, the mean age of the newly diagnosed T2DM in
both the groups was similar (45.2 + 8.6 and 45.0 * 8.6 years in CDD
and SDD respectively). Another large, multicentre, cross-sectional
study among diabetes patients in India also showed that the mean
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age at onset of T2DM was 45.4 + 10.9 years which was similar to the
observation made in our study [14]. This was significantly lower than
that reported among the newly diagnosed T2DM cases in the United
States (55.6 * 13 years) [5]. Similarly, in two large multi-ethnic studies
from UK [15,16], the age at diagnosis of T2DM was found to be lower
(51.5 £ 10.42 and 52.6 + 13.5 years respectively) in the South Asian
population when compared to the White population (58.9 + 10.09 and
63.3 + 13.8 years respectively). South Asians develop T2DM at least
a decade earlier.

Lower BMI with higher HbAlc in the CDD compared to SDD
could possibly be due to a reduction in weight usually associated
with moderate to high levels of undetected hyperglycaemia. In an
earlier study, we had observed that more than 20% of the cases had
weight loss prior to the clinical diagnosis of T2DM [17]. Among
the Asian populations, Indians have a reluctance to undergo regular
health check-up and medical consultation is often sought only when
the symptoms or related problems arise due to diabetes [9]. Similar
observation had been reported earlier in migrant Asian populations
in western countries [15,18]. In the UK, a multiethnic South London
study mentioned above showed that HbA1clevels were higher in South
Asians than in the Europeans at an early period after the diagnosis. This
was partially attributed to a delayed diagnosis in the Asians [15]. In
our study, the significantly higher FBG and HbA1lc observed in CDD
could be related to a delay in the diagnosis of diabetes when compared
with those diagnosed during an epidemiological screening. There is a
higher likelihood of a few CDD patients having taken treatment for
hypertension and hyperlipidaemia prior to visiting a diabetes clinic.

In our study, 44.6% of the patients had significantly higher
HbAlc 29.0% (75 mmol/mol) when compared with 21.7% of the
newly diagnosed patients in the clinics in USA [5]. There may be a
number of reasons for high HbAlc in newly detected diabetes. One
important reason could be longer periods of undetected T2DM in our
population, partially due to the delay on the part of the patients to seek
medical help. In India, a larger percentage of men report for medical
consultation than women. Therefore, the proportion of men was more
among the clinically diagnosed cases.

In an earlier study, we had noted that T2DM remains asymptomatic
for a longer period of time and many develop complications such as
retinopathy even before diagnosis [19]. We did not record the presence
of symptoms or complications in this study.

Hypercholestremia seen among the newly diagnosed patients
may also be related to the delayed diagnosis of diabetes and higher
blood glucose levels. In SDD, screening for diabetes was done among
adults with neither a previous history nor the presence of symptoms of
diabetes. There is a higher chance of early detection of diabetes among
this group than in the clinic diagnosed cases. The likelihood of early
detection of hypertension is also higher when screening is done.

Our study describes the clinical and metabolic features of newly
diagnosed T2DM in the clinics. The differences with the screen
detected diabetes in the population probably indicate late diagnosis
in the clinics.
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