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Abstract

BACKGROUND

The diagnosis of type 2 diabetes (T2D) in younger adults, an increasingly common
public health issue, is associated with a higher risk of cardiovascular complic-
ations and mortality, which may be due to a more adverse cardiovascular risk
profile in individuals diagnosed at a younger age.
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To investigate the association between age at diagnosis and the cardiovascular risk profile in
adults with T2D.

METHODS

A pooled dataset was used, comprised of data from five previous studies of adults with T2D,
including 1409 participants of whom 196 were diagnosed with T2D under the age of 40 years.
Anthropometric and blood biomarker measurements included body weight, body mass index
(BMI), waist circumference, body fat percentage, glycaemic control (HbAlc), lipid profile and
blood pressure. Univariable and multivariable linear regression models, adjusted for diabetes
duration, sex, ethnicity and smoking status, were used to investigate the association between age
at diagnosis and each cardiovascular risk factor.

RESULTS

A higher proportion of participants diagnosed with T2D under the age of 40 were female, current
smokers and treated with glucose-lowering medications, compared to participants diagnosed later
in life. Participants diagnosed with T2D under the age of 40 also had higher body weight, BMI,
waist circumference and body fat percentage, in addition to a more adverse lipid profile,
compared to participants diagnosed at an older age. Modelling results showed that each one year
reduction in age at diagnosis was significantly associated with 0.67 kg higher body weight [95%
confidence interval (CI): 0.52-0.82 kg], 0.18 kg/m? higher BMI (95%CI: 0.10-0.25) and 0.32 cm
higher waist circumference (95%CI: 0.14-0.49), after adjustment for duration of diabetes and other
confounders. Younger age at diagnosis was also significantly associated with higher HbAlc, total
cholesterol, low-density lipoprotein cholesterol and triglycerides.

CONCLUSION
The diagnosis of T2D earlier in life is associated with a worse cardiovascular risk factor profile,
compared to those diagnosed later in life.

Key Words: Type 2 diabetes mellitus; Early-onset adult type 2 diabetes; Age of onset; Cardiovascular risk;
Young adults; Glycaemic control; Obesity

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The diagnosis of type 2 diabetes (T2D) in younger adults, an increasingly common public health
issue, is associated with a higher risk of cardiovascular complications and mortality, which may be due to
a more adverse cardiovascular risk profile in individuals diagnosed at a younger age. This analysis
demonstrates the adverse effect of younger diagnosis of T2D on cardiovascular risk factors, highlighting
the need for targeted multifactorial age-appropriate interventions in order to improve the cardiovascular
risk factor profile of younger adults with T2D and reduce their subsequent risk of cardiovascular complic-
ations and mortality.
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INTRODUCTION

Type 2 diabetes (T2D), a significant and increasing public health issue, was tradi-tionally considered a
disease of mid- to late adulthood[1]. However, the prevalence of T2D among younger adults (e.g.,
diagnosed < 40 years of age; “early-onset adult T2D”) has rapidly increased over the last few decades,
now constituting between 15%-20% of all adults with T2D worldwide[2-4]. The diagnosis of T2D at an
earlier age is associated with an increased relative risk of mortality and of both microvascular and
macrovascular complications, as highlighted by a recent meta-analysis of 26 studies[5]. Previous studies
have suggested that a more adverse cardiovascular risk profile in adults diagnosed with T2D at a
younger age [including higher glycaemic control (HbAlc), higher prevalence of obesity and a worse
lipid profile] may explain some of the increased risk of mortality and complications observed among
younger adults with T2D[3,6-9]. However, some conflicting results emerged within these studies[3,6,5,
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9], whilst most have investigated the effect of age at diagnosis as a categorical variable (early- vs later-
onset T2D). Consequently, estimates for the difference in risk factors incurred by each one year
reduction in age at diagnosis are sparse[3].

Given the increase in prevalence of early-onset T2D and the higher risk of mortality and
cardiovascular complications observed in younger adults with T2D, a comprehensive understanding of
the effect of diagnostic age on cardiovascular risk factor profile is crucial. This analysis aimed to
investigate the association between age at diagnosis, as a continuous variable, and the cardiovascular
risk profile of adults with T2D, including measures of adiposity, HbAlc, lipid metabolism and blood
pressure, using a pooled dataset of research trial data from multi-ethnic study populations in the United
Kingdom.

MATERIALS AND METHODS
Pooled dataset

This analysis used a pooled dataset, comprising data from five previous or ongoing studies of adults
with T2D in the United Kingdom: Chronotype of Patients with Type 2 Diabetes and Effect on Glycaemic
Control (CODEC)[10], Effects of Liraglutide in Young Adults With Type 2 Diabetes (LYDIA), Early
Detection of Cardiac Dysfunction and Health Behaviours in the Young with Type 2 Diabetes
(EXPEDITION)[11], Diabetes Interventional Assessment of Slimming or Training to Lessen
Inconspicuous Cardiovascular Dysfunction (DIASTOLIC)[12] and Prevalence and Determinants of
Subclinical Cardiovascular Dysfunction in Adults with Type 2 Diabetes Mellitus (PREDICT)[13]. The
rationale, design and eligibility criteria of these studies have been published previously, in addition to
the main outcomes of the completed trials (LYDIA, EXPEDITION, DIASTOLIC)[10-14]. The aims,
eligible age ranges and progress of each study are described in Table 1. Each study received ethical
approval and all participants provided written informed consent. The pooled dataset used in the current
analysis included all participants diagnosed at 16 years or older.

Outcome measurement

Outcome data used in this analysis were collected during baseline assessments within the pooled
studies. During these baseline visits, information on demographics (including current age at visit),
medical history (including age at T2D diagnosis) and medication use were collected. Anthropometric
[including body weight, body mass index (BMI), waist circumference, and body fat percentage] and
blood pressure measurements were collected using standardised procedures, and a blood sample was
taken for measurement of routine circulating biomarkers (performed by accredited NHS clinical
pathology laboratories using quality controlled enzymatic assays).

Statistical analysis

In order to compare demographic variables, cardiovascular complications, medication use, and
cardiovascular risk factors [body weight, BMI, waist circumference, body fat percentage, HbAlc, total
cholesterol, low-density lipoprotein (LDL) cholesterol, high-density lipoprotein (HDL) cholesterol,
triglycerides, systolic and diastolic blood pressure] by age at diagnosis, all data were first presented as
median [interquartile range (IQR)] or percentages, as appropriate, using three diagnostic age categories:
Diagnosed under 40 years of age, diagnosed between 40-59 years and diagnosed aged 60 years or older.
Linear regression models were then used to investigate the association of age at diagnosis, used as a
continuous variable, and each cardiova-scular risk factor. In order to assess the possibility of deviations
from linearity, models were also conducted using a spline transformation of age at diagnosis for each
cardiovascular risk factor. These models were compared to the linear models using Bayesian
Information Criterion scores. For all models, there was no evidence of a significant difference between
the spline and the linear models, therefore linear regression was used for the analyses.

As younger diagnosis may often predispose individuals to longer duration of T2D, it was important
to assess whether any association between age at diagnosis and cardiovascular risk factors remained
once diabetes duration was controlled for, as well as after adjustment for other important confounding
variables. Therefore, three models were constructed for each cardiovascular risk factor: Model 1
(unadjusted univariable model), Model 2 (adjusted for duration of T2D alone), Model 3 (adjusted for
duration of T2D, sex, ethnicity and smoking status). Robust standard errors were used to account for the
clustering of data from the different studies.

RESULTS

Participant characteristics

In total, 1409 participants were included in the pooled dataset, of whom 196 (13.9%) were diagnosed
with T2D under the age of 40 years, 846 (60.0%) were diagnosed between 40-59 years, and 367 (26.1%)

WJD | https://www.wjgnet.com 262 March 15,2022 | Volume13 | Issue3 |



Barker MM et al. Age at T2D diagnosis and cardiovascular risk

Table 1 Summary of studies included in the pooled dataset

Eligible Clinical
. age . . Trials.gov .
Study name Aim g Exclusion criteria’ . . . Ongoing/completed
range Registration
(yr) Number
CODEC Observational study to investigate ~ 18-75 N/A NCT02973412 Ongoing
the effect of chronotype on
glycaemic controls in adults with
T2DM
LYDIA Randomised active-comparator trial 18-60 Treatment with insulin, SGLT-2 inhibitors, NCT02043054 Completed
to investigate the effect of GLP-1 receptor agonists of DPP-4
liraglutide compared to sitagliptin inhibitors; Active cardiovascular disease,
on cardiac structure and function in including history of myocardial infarction
younger adults with T2DM within the past 6 mo and/or heart failure
EXPEDITION Observational study to phenotype ~ 18-40 N/A N/A Completed
younger adults with T2DM
DIASTOLIC  Randomised controlled trial to 18-65 Current treatment with more than three NCT02590822 Completed
compare diet and exercise glucose-lowering medications or insulin;
interventions to standard care in Stroke, peripheral vascular disease, atrial
adults with T2DM fibrillation, heart failure/disease, angina
PREDICT Observational study to investigate ~ 18-75 Stroke, symptomatic peripheral vascular NCT03132129 Ongoing
the prevalence and determinants of disease, atrial fibrillation, history of heart
subclinical cardiovascular failure, history of myocardial infarction,
dysfunction in adults with T2DM moderate or severe heart valve disease,
angina

ICriteria related to cardiovascular complications or medications relevant to this analysis.
T2DM: Type 2 diabetes mellitus; SGLT-2: Sodium-glucose cotransporter-2; GLP-1: Glucagon-like peptide 1; DPP-4: Dipeptidyl peptidase-4.

WID |
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were diagnosed aged 60 years or older. The age at which participants were diagnosed with T2D ranged
from 18 to 74 years (Figure 1). Table 2 presents participant characteristics by diagnostic age categories.
Participants who were diagnosed under 40 years had a median current age of 46 years (IQR: 38-55) at
study entry compared to 71 years (IQR: 68-73) among participants diagnosed at 60 years or over. As
expected, median T2D duration was highest among participants who were diagnosed under the age of
40 years (11 years, IQR: 5-21) and lowest in parti-cipants diagnosed at 60 years or over (5 years, IQR: 3-8
years).

A higher proportion of participants diagnosed under the age of 40 were female (49.0%) compared to
those diagnosed between 40-59 years (33.2%) or over 60 years (33.8%). Although the most common
ethnicity across all diagnostic age groups was white, there were proportionally more Asian participants
in those diagnosed before the age of 40 (28.1%), compared to those diagnosed aged 40-59 years or aged
60 years or older (17.1% and 7.6%, respectively). Participants diagnosed under the age of 40 were also
more likely to be current smokers (12.2%) and to have a family history of T2D (45.9%). The prevalence of
all cardiovascular complications was lower at the point of study entry among participants diagnosed
under the age of 40, compared to those diagnosed at the age of 40 or over. The prevalence of metabolic
syndrome was higher among participants diagnosed under 40 years (94.1%) compared to those
diagnosed between 40-59 years (90.2%) or at 60 years or over (85.6%). The proportion of participants
using glucose-lowering medications was higher in participants diagnosed before 40 years (94.9%)
compared to participants diagnosed between 40-59 years (89.5%) or 60 years or over (70.0%), whilst the
opposite trend was observed for lipid-lowering or antihypertensive medications.

Cardiovascular risk factors

Table 3 displays participants” cardiovascular risk factor profiles by diagnostic age categories.
Participants diagnosed with T2D under the age of 40 had a higher body weight (95.2 kg, IQR: 82.5-108.9
kg) compared to participants diagnosed between the ages of 40-59 years (92.0 kg, IQR: 79.6-105.6 kg) or
at 60 years or over (84.6 kg, IQR: 73.7-97.4 kg). BMI was also highest among participants diagnosed
under 40 years (33.0 kg/m?, IQR: 29.0-36.8 kg/m?) compared to those diagnosed between 40-59 years
(31.6 kg/m?, IQR: 28.0-35.3 kg/m?) or those diagnosed later than 60 years of age (29.2 kg/m? IQR: 26.3-
33.0 kg/m?). A similar trend was observed for waist circumference and body fat percentage.

Median HbAlc was also higher among participants diagnosed under the age of 40 (7.5%, IQR: 6.7 %-
8.5%) compared to those diagnosed between the age of 40-59 years (7.1%, IQR: 6.4%-7.9%) or at 60 years
or over (6.5%, IQR: 6.0%-7.2%). Additionally, a marginally more adverse lipid profile was identified
among participants diagnosed under the age of 40, showing higher total cholesterol, LDL cholesterol
and triglycerides, and lower HDL cholesterol compared to participants diagnosed at 40 years or over.
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Table 2 Demographic characteristics, cardiovascular complications and medication use by age of diagnosis

Age at T2DM diagnosis

Under 40 yr (n = 196)

40-59 yr (n = 846)

60 yr or over (n = 367)

Total sample (n = 1409)

Number of participants from each dataset, 1 (%)

CODEC

LYDIA

EXPEDITION
DIASTOLIC

PREDICT

Current age, yr (n = 1408)
Diabetes duration, yr (n = 1408)
Sex, n (%)

Male

Female

Ethnicity, n (%)

White

Asian

Other

Unknown

Smoking status, 1 (%)
Current smoker
Ex-smoker

Never smoked

Family history of T2D, 1 (%)
Yes

No

Unknown

Cardiovascular complications, 7 (%)

Myocardial infarction (n = 1233)
Heart failure (n = 1229)
Heart valve disease (1 = 1228)

Atrial fibrillation (n = 1223)

Peripheral vascular disease (1 = 1227)

Stroke (1 = 1235)

Angina (n = 1230)

Glucose-lowering medication use, 1

Any glucose-lowering medication (1 = 1403)

Insulin

Metformin (n = 1407)
Sulphonylurias (n = 1407)
DPP-4 inhibitors

GLP-1 agonists

SGLT?2 inhibitors (n = 1389)

Jaishideng®

111 (56.6)
35 (17.9)
20 (10.2)
17 8.7)
13 (6.6)
46 (38-55)

11 (5-21)

100 (51.0)

96 (49.0)

125 (63.8)
55 (28.1)
6(3.1)

10 (5.1)

24 (12.2)
58 (29.6)

114 (58.2)

90 (45.9)
37 (18.9)

69 (35.2)

7 (4.3)
4(25)
3(1.8)
2(1.2)
7 (4.4)
3(1.9)

5(3.1)

185 (94.9)
74 (37.8)
157 (80.1)
36 (18.4)
18 (9.2)
33 (16.8)

27 (17.0)

WJD | https://www.wjgnet.com

636 (75.2)
41 (4.9)
0(0.0)

72 (8.5)
97 (11.5)
61 (56-67)

10 (5-15)

565 (66.8)

281 (33.2)

665 (78.6)
145 (17.1)
33 (3.9)

3(04)

66 (7.8)
367 (43.4)

413 (48.8)

326 (38.5)
264 (31.2)

256 (30.3)

60 (8.0)
12 (1.6)
22 (3.0)
42 (5.7)
43 (5.8)
31 (4.1)

60 (8.1)

753 (89.5)
178 (21.0)
658 (78.0)
205 (24.3)
139 (16.4)
63 (7.5)

89 (11.5)

264

326 (88.8)
0(0.0)
0(0.0)
0(0.0)

41 (11.2)
71 (68-73)

5 (3-8)

243 (66.2)

124 (33.8)

333 (90.7)
28 (7.6)
5(1.4)

1(0.3)

20 (5.5)
182 (49.6)

165 (45.0)

131 (35.7)
169 (46.1)

67 (18.3)

36 (11.1)
9(28)
11 (3.4)
20 (6.2)
21 (6.5)
24 (7.4)

33(102)

257 (70.0)
24 (6.5)
234 (63.8)
51 (13.9)
39 (10.6)
9(25)

15 (4.1)

March 15,2022 | Volume13 |

1073 (76.2)
76 (5.4)

20 (1.4)

89 (6.3)
151 (10.7)
63 (55-69)

8 (4-14)

908 (64.4)

501 (35.6)

1123 (79.7)
228 (16.2)
44 (3.1)

14 (1.0)

110 (7.98)
607 (43.1)

692 (49.1)

547 (38.8)
470 (33.3)

393 (27.9)

103 (8.4)
25 (2.0)
36 (2.9)
64 (5.2)
71 (5.8)
58 (4.7)

98 (8.0)

1195 (85.2)
276 (19.6)
1049 (74.6)
292 (20.8)
196 (13.9)
105 (7.5)

131 (10.1)

Issue 3



Barker MM et al. Age at T2D diagnosis and cardiovascular risk

Other' (n = 1390) 3(1.9) 19 (2.4) 4(1.1) 26 (2.0)

Lipid-lowering medication use, 1 (%)

Any lipid-lowering medication (1 = 1407) 112 (57.4) 583 (69.0) 254 (69.2) 949 (67.5)
Statins (1 = 1408) 108 (55.4) 580 (68.6) 251 (68.4) 939 (66.7)
Fibrates (n = 1407) 10 (5.1) 23 (2.7) 4(1.1) 37 (2.6)

Antihypertensive medication use, 1 (%)

Any antihypertensive medication (n = 1389) 97 (54.8) 582 (68.8) 252 (68.9) 931 (67.0)
ACE inhibitors (1 = 1390) 68 (38.4) 356 (42.1) 125 (34.1) 549 (39.5)
Alpha blockers (1 = 1388) 8 (4.6) 86 (10.2) 53 (14.5) 147 (10.6)
Angiotensin receptor blockers (1 = 1389) 17 (9.7) 134 (15.8) 61 (16.6) 212 (15.3)
Beta blockers (1 = 1388) 20 (11.4) 157 (18.6) 70 (19.1) 247 (17.8)
Calcium channel blockers (1 = 1389) 31 (17.6) 246 (29.1) 103 (28.1) 380 (27.4)
Diuretics (1 = 1389) 25 (14.2) 122 (14.4) 58 (15.8) 205 (14.8)
Metabolic syndrome prevalence, 1 (%)” (1 = 159 (94.1) 697 (90.2) 298 (85.6) 1154 (89.5)
1290)

Includes alpha glucosidase inhibitors, thiazolidinediones and meglitinides.

Defined using the global definition published by Alberti et al[24] (2005).

Data presented as median or frequency (%), as appropriate. T2DM: Type 2 diabetes mellitus; SGLT-2: Sodium-glucose cotransporter-2; GLP-1: Glucagon-
like peptide 1; DPP-4: Dipeptidyl peptidase-4.

Table 3 Cardiovascular risk factors by age at diagnosis

Age at T2DM diagnosis
Total sample (n = 1409)

Under 40 yr (n=196)  40-59 yr (n=846) 60 yr or over (n = 367)
Weight (kg) 95.2 (82.5-108.9) 92.0 (79.6-105.6) 84.6 (73.7-97.4) 90.6 (78.2-103.8)
BMI (kg/m?) 33.0 (29.0-36.8) 31.6 (28.0-35.3) 29.2 (26.3-33.0) 31.1 (27.5-35.0)
Waist circumference (cm), 7 = 1403 112.0 (102.2-119.1) 109.0 (100.0-118.0)  104.0 (96.8-113.5) 108.0 (99.0-117.8)
Body fat (%), n = 1076 36.9 (29.5-44.5) 34.0 (27.6-40.7) 32.5 (26.3-41.0) 33.8 (27.4-41.2)
HbAlc (%), n = 1370 7.5 (6.7-8.5) 7.1 (6.4-7.9) 6.5 (6.0-7.2) 7.0 (6.3-7.8)
Total cholesterol (mmol/L), n = 1352 4.4 (3.85.2) 4.2 (3.6-4.9) 4.1 (3.5-4.8) 4.2 (3.6-4.9)
LDL cholesterol (mmol/L), n = 1308 2.3 (1.8-2.9) 2.1 (1.6-2.7) 2.1 (1.6-2.6) 2.1 (1.6-2.7)
HDL cholesterol (mmol/L), n = 1338 1.1 (1.0-1.4) 1.2 (1.0-1.5) 1.3 (1.1-1.5) 1.2 (1.0-1.5)
Triglycerides (mmol/L), n = 1351 1.8 (1.2-2.7) 1.7 (1.2-2.3) 1.5 (1.1-2.1) 1.6 (1.1-2.3)
Systolic blood pressure (mmHg), n = 1408 128.0 (119.0-140.0) 135.0 (124.0-146.5) 137.0 (125.5-148.7) 135.0 (123.8-146.0)
Diastolic blood pressure (mmHg), n =1408  83.0 (76.5-90.5) 82.0 (76.0-89.0) 79.5 (73.0-86.5) 81.5 (75.0-88.6)

Data presented as median. LDL: Low-density lipoprotein; HDL: High-density lipoprotein; BMI: Body mass index; T2DM: Type 2 diabetes mellitus.

Model results

As shown in Table 4, younger age at diagnosis of T2D was significantly associated with higher body
weight, BMI, waist circumference and HbAlc. Results from Model 3 (adjusted for duration of T2D, sex,
ethnicity and smoking status) showed that each one year reduction in age at diagnosis of T2D was
significantly associated with 0.67 kg [95% confidence interval (CI): 0.52-0.82 kg] higher body weight,
0.18 kg/m? (95%CI: 0.10-0.25 kg/m?) higher BMI, 0.32 cm (95%CI: 0.14-0.49 cm) higher waist circum-
ference and 0.03% (95%Cl: 0.03%-0.04%) higher HbAlc. Similarly, results from Model 3 indicate that
each one year reduction in age at diagnosis was significantly associated with 0.01 mmol/L (95%CI: 0.01-
0.02 mmol/L) higher total cholesterol, 0.01 mmol/L higher LDL cholesterol (95%CI: 0.01-0.02 mmol/L)
and 0.02 mmol/L (95%CI: 0.01-0.03 mmol/L) higher triglycerides, after adjustment for the same
covariates. Each one year reduction in diagnostic age was significantly associated with 0.22 mmHg
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Table 4 Results from linear regression models investigating the effect of age at diagnosis on each cardiovascular risk factor

Model 1 Model 2 Model 3

Estimate n Estimate n Estimate n
Weight (kg) -0.32 [(-0.51) to (-0.14)]" 1409 -0.45 [(-0.60) to (-0.31)]* 1408 -0.67 [(-0.82) to (-0.52)]" 1394
BMI (kg/m?) -0.11 [(-0.19) to (-0.02)]° 1409 015 [(-0.23) to (-0.07)] 1408 -0.18 [(-0.25) to (-0.10)]" 1394
Waist circumference (cm)  -0.21 [(-0.32) to (-0.09)]* 1403 -0.23 [(-0.41) to (-0.05)]" 1402 -0.32 [(-0.49) to (-0.14)]* 1388
Body fat (%) -0.10 (-0.80 to 0.60) 1076 -0.16 (-0.85 to 0.53) 1075 -0.11 (-0.43 to 0.20) 1073
HbA1lc (%) -0.04 [(-0.04) to (-0.03)]* 1370 -0.03 [(-0.04) to (-0.03)]* 1369 -0.03 [(-0.04) to (-0.03)]* 1356
Total cholesterol (mmol/L) -0.01 (-0.01 to 0.00) 1352 -0.02 [(-0.02) to (-0.01)]* 1351 -0.01 [(-0.02) to (-0.01)]* 1337
LDL cholesterol (mmol/L)  -0.01 (-0.01 to 0.00)" 1308 -0.01 [(-0.02) to (-0.01)]* 1307 -0.01 [(-0.02) to (-0.01)]* 1294
HDL cholesterol (mmol/L)  0.00 (0.00 to 0.01) 1338 0.00 (0.00 to 0.01) 1337 0.01 (0.00 to 0.01) 1323
Triglycerides (mmol/L) -0.01 (-0.03 to 0.00) 1351 -0.02 [(-0.03) to (-0.01)]> 1350 -0.02 [(-0.08) to (-0.01)]" 1336
Systolic BP (mmHg) 0.24 (0.14 to 0.35)° 1408 0.31 (0.11 to 0.51)" 1407 0.24 (0.02 to 0.45)" 1393
Diastolic BP (mmHg) -0.10 (-0.21 to 0.02) 1408 -0.20 [(-0.29) to (-0.12)]" 1407 -0.22 [(-0.30) to (-0.14)]" 1393

4P <0.01.

°P < 0.05.

Data presented as coefficient. Model 1: Unadjusted univariable model, Model 2: Adjusted for duration of T2D, Model 3: Adjusted for duration of T2D, sex,
ethnicity and smoking status. LDL: Low-density lipoprotein; HDL: High-density lipoprotein; BMI: Body mass index; T2DM: Type 2 diabetes mellitus;
HbAlc: Glycaemic control; BP: Blood pressure.

(95%CI: 0.14-0.30 mmHg) higher diastolic blood pressure, but 0.24 mmHg (95%CI: 0.02-0.45 mmHg)
lower systolic blood pressure.

DISCUSSION

This analysis investigated the association between age at diagnosis of T2D and the cardiovascular risk
profile among 1410 adults with T2D, using a diverse pooled dataset. The demographic characteristics of
the participants included in our analysis varied by diagnostic age, with a higher proportion of females
and people of Asian ethnicity among participants diagnosed earlier in life. These results are consistent
with previous studies, which have also highlighted increased risk of microvascular and macrovascular
complications, as well as incidence of certain co-morbidities, in these high risk subgroups[2,6,15-17]. In
our analysis, younger age at diagnosis was also significantly associated with higher BMI, supporting
findings from previous studies[3,7,9]. However, the current analysis adds to previous findings by
quantifying the change in several cardiovascular risk factors, including body weight, BMI, waist circum-
ference, HbAlc, lipids and blood pressure, for each year earlier diagnosis of T2D.

The association between younger age at diagnosis of T2D and poorer HbAlc identified in this
analysis is supported by findings from previous studies[3,6-9]. One study from Asia investigated the
association between HbAlc and age of diagnosis, analyzed as a continuous variable, reporting that each
one year earlier age at diagnosis was significantly associated with 0.01% higher HbA1c. This is similar,
albeit smaller in magnitude, to the results of our current analysis, which identified a 0.03% increase in
HbA1c for each year earlier diagnosis.

In the current analysis, diagnosis of T2D at a younger age was significantly associated with higher
total and LDL cholesterol and higher triglycerides, however no significant association was observed
between age at diagnosis and HDL cholesterol. Similarly, previous studies have reported conflicting
results for the relationship between age at diagnosis and lipid profile. For example, Yeung et al[3]
reported a significant association between age at diagnosis and all lipid markers, whereas Huang et al[7]
found participants with early-onset T2D had significantly higher total cholesterol and triglycerides
compared to those with later-onset T2D, whilst no significant differences were observed from LDL or
HDL cholesterol. Younger age at T2D diagnosis was significantly associated with higher diastolic blood
pressure and lower systolic blood pressure in this analysis, which is also consistent with previous
studies|3,8,9].

The adverse risk factor phenotype observed among younger adults with T2D may contribute to their
significantly increased relative risk of microvascular and macrovascular disease and mortality. A recent
meta-analysis of 26 studies found that for every one year increase in age at diagnosis, the risk of
microvascular disease, macrovascular disease and all-cause mortality fell by 5%, 3% and 4%,
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Figure 1 Frequency distribution of age at diagnosis from each study. A: All participants; B: CODEC participants; C: LYDIA participants; D:
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respectively[5]. Research has also shown that the risk of cardiovascular complications and all-cause
mortality can be reduced by the control of multiple cardiovascular risk factors, even among younger
adults[18-20]. It is therefore imperative that adults with early-onset T2D have access to fit-for-purpose,
multifactorial interventions to prevent long term complications, particularly given the global increase in
the prevalence of early-onset T2D, and evidence that less than half of younger adults with T2D meet
HbA1c targets[21]. Such interventions must also be tailored specifically to the co-occurring challenges
that adults with early-onset T2D may face (e.g., early careers, ongoing education and young families),
which may be different to older adults, and also allow for sex and cultural differences between
individuals. Work to guide the development of such tailored approaches is urgently required, partic-
ularly given that adults with early-onset T2D are underrepresented in existing T2D trials[2,22].

This analysis has many strengths. Firstly, the pooled dataset used included a large sample of adults
diagnosed with T2D over a wide age range (18-74 years of age) increasing the reliability and generalis-
ability of the conclusions made. The use of age at diagnosis as a continuous variable in the analysis is
another benefit, given that most previous literature has investigated age at diagnosis as a categorical
variable, comparing people with “early-onset” T2D to those with ‘later-onset” T2D. Although such
studies are valuable in assessing whether adults classified as ‘early onset” have more cardiovascular risk
factors, the range of ages included in the ‘early-onset” and ‘late-onset’ categories are very wide and
therefore it was previously unknown how diagnostic age was associated with cardiovascular risk
factors within each of these categories. The current study has provided such insight by showing that
each reduction of one year in age at diagnosis was significantly associated with a more adverse
adiposity, HbAlc, and lipid profile, even after the adjustment for disease duration.

Limitations of the study must also be noted. As the information relating to diagnostic age was self-
reported, some participants may not have accurately recalled the date at which they were diagnosed.
However, there is evidence that self-reported age at diagnosis of T2D is fairly accurate and a valid
measure of diagnostic age[23]. There is also the possibility of selection bias as the data used in this
analysis is from volunteers who were motivated to undertake the research studies. In addition, it is
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possible that differences in recruitment rates by age at diagnosis and investigated risk factors acted to
introduce a form of collider bias. Furthermore, only variables collected in the studies were available for
adjustment in this analysis, therefore the effects of other covariates could not be assessed. As the
cardiovascular risk factors investigated in this analysis were collected at study enrolment rather than at
diagnosis of T2D, the results from this analysis do not indicate how the cardiovascular risk profile
differs by diagnostic age at the time of diagnosis. Lastly, the age at diagnosis, age at enrolment and
duration of diabetes are correlated and therefore disentangling the effect of one from the others is
complex. Nevertheless, the results from the current analysis were unaffected by adjustment for diabetes
duration.

CONCLUSION

In conclusion, this study supports previous literature demonstrating an association between younger
diagnosis of T2D and a more adverse cardiovascular risk profile. This highlights the need for
interventions targeting multiple risk factors in younger adults with T2D in order to reduce their risk of
cardiovascular complications and mortality.

ARTICLE HIGHLIGHTS

Research background

The prevalence of type 2 diabetes (T2D) among younger adults is increasing, and is associated with a
higher relative risk of mortality and diabetes-related complications compared to older adults with T2D.
This may be due to younger adults with T2D having a more adverse cardiovascular risk factor profile.

Research motivation
Although some research has observed a more adverse cardiovascular risk profile among younger adults
with T2D, conflicting findings and methodological limitations have emerged within these studies.

Research objectives
To use a pooled dataset to investigate the association between age at diagnosis (as a continuous
variable) and the cardiovascular risk factor profile of adults with T2D.

Research methods

The pooled dataset used for this analysis included 1409 participants, 196 of whom were diagnosed with
T2D under the age of 40 years. Descriptive analysis and both univariable and multivariable linear
regression models were used to investigate the association between diagnostic age and cardiovascular
risk factors [weight, body mass index (BMI), waist circumference, body fat percentage, glycaemic
control (HbA1c), lipid profile and blood pressure].

Research results

Results from the analysis revealed that younger age at T2D diagnosis was significantly associated with
higher weight, BMI, waist circumference, HbAlc and a more adverse lipid profile, even once
confounding factors such as diabetes duration, sex and ethnicity were accounted for.

Research conclusions
This analysis supports previous studies which demonstrate an association between younger age at T2D
diagnosis and a worse cardiovascular risk factor profile.

Research perspectives

The results from this analysis highlight the importance of multifactorial interventions targeting multiple
risk factors in younger adults with T2D, in order to reduce their risk of mortality and cardiovascular
complications.
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