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Abstract
Background: Family history (FamH) of type 2 diabetes might indicate shared genotypes, environments, and/or
behaviors. We hypothesize that FamH interacts with unhealthy behaviors to increase the risk of early onset of diabetes
and poor cardiometabolic control.
Methods: In a cross-sectional analysis of the prospective Joint Asia Diabetes Evaluation Register including patients
from 427 clinics in 11 Asian countries/regions in 2007–2021, we defined positive FamH as affected parents/siblings
and self-management as (1) healthy lifestyles (balanced diet, non-use of alcohol and tobacco, regular physical activity)
and (2) regular self-monitoring of blood glucose (SMBG).
Results: Among 86,931 patients with type 2 diabetes (mean±SD age: 56.6±11.6 years; age at diagnosis of diabetes:
49.8±10.5 years), the prevalence of FamH ranged from 39.1% to 85.3% in different areas with FamH affecting mother
being most common (32.5%). The FamH group (n=51,705; 59.5%) was diagnosed 4.6 years earlier than the non-FamH
group [mean (95% CI): 47.9 (47.8–48.0) vs. 52.5 (52.4–52.6), logrank p<0.001]. In the FamH group, patients with both
parents affected had the earliest age at diagnosis [44.6 (44.5–44.8)], followed by affected single parent [47.7 (47.6–
47.8)] and affected siblings only [51.5 (51.3–51.7), logrank p<0.001]. The FamH plus ≥2 healthy lifestyle group had
similar age at diagnosis [48.2 (48.1–48.3)] as the non-FamH plus <2 healthy lifestyle group [50.1 (49.8–50.5)]. The FamH
group with affected parents had higher odds of hyperglycemia, hypertension, and dyslipidemia than the FamH group
with affected siblings, with the lowest odds in the non-FamH group. Self-management (healthy lifestyles plus SMBG)
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was associated with higher odds of attaining HbA1c<7%, blood pressure<130/80mmHg, and LDL-C<2.6 mmol/L espe‑
cially in the FamH group (FamH×self-management, pinteraction=0.050–0.001).
Conclusions: In Asia, FamH was common and associated with young age of diagnosis which might be delayed by
healthy lifestyle while self management  was associated with better control of cardiometabolic risk factors especially
in those with FamH.
Keywords: Age of diagnosis, Family history, Type 2 diabetes, Self-management, Cardiometabolic risks

Background
In 2019, 9.3% of the global adult population were
affected by diabetes with 50% living in Asia [1]. The
majority had type 2 diabetes (95%) characterized by
varying degrees of insulin resistance and deficiency [2],
often accompanied by clustering of cardiometabolic risk
factors [3]. Delayed diagnosis and management of diabetes can lead to poor quality of life, multimorbidity,
and premature mortality [4, 5]. Young-onset type 2 diabetes diagnosed before age of 40 has become increasingly prevalent [6]. The growing burden of young-onset
type 2 diabetes is multifactorial, including but not limited to genetics, perinatal factors, childhood obesity,
and unhealthy lifestyles [6, 7]. In the clinic-based Joint
Asia Diabetes Evaluation (JADE) Register, 1 in 5 Asian
adults had young-onset type 2 diabetes [8], who had
worse control of cardiometabolic risk factors than their
peers with late-onset disease [6, 9]. In these young people, decades of exposure to cardiometabolic risk factors
can lead to premature complications and death with
socioeconomic implications [10].
Family history (FamH) is a strong risk factor for type
2 diabetes [11], evidenced by a higher concordance rate
among monozygotic than dizygotic twins [12, 13]. People
with FamH of diabetes had early onset of type 2 diabetes
[14–18] and increased risks for hypertension, dyslipidemia,
and obesity [19, 20]. Apart from shared genotypes, a FamH
of diabetes might reflect shared behaviors and environment, such as lifestyles (physical inactivity, unhealthy diet,
alcohol, and tobacco use) and socioeconomic status (education, employment, and household income) [20, 21]. On
the other hand, some researchers had reported 40–80%
reduced risk of type 2 diabetes associated with FamH,
probably due to increased perceived risk and motivation to
change lifestyles for mitigating risk [22].
Diabetes is a complex disease comprising of, but not
limited to, genetic, perinatal, demographic, cognitivepsychosocial-behavioral, environmental, and ecological components with FamH being a proxy of some of
these components [2], modified by self-management
and access to care to influence age of diagnosis and
clinical outcomes (Additional file 1: Figure S1) [2].
Despite this plausibility, there is a paucity of data on
the interactive effects between FamH and behavioral

factors on disease onset and cardiometabolic risks
in type 2 diabetes. In this study, we hypothesize that
FamH interacts with unhealthy lifestyles to bring forward age of diagnosis and together with suboptimal
self-management, proxied by self-monitoring of blood
glucose (SMBG), worsen control of cardiometabolic
risk factors compared to those without FamH. We
argue that while FamH per se is a non-modifiable risk
factor, FamH can be used as a simple proxy to identify
high-risk individuals for intensive lifestyle modification to delay disease onset and self-management support programs to improve control of cardiometabolic
risk factors. We tested this hypothesis using data from
a multicenter diabetes register in Asia with documentation of age of diagnosis, lifestyles, SMBG, and cardiometabolic risk factors.

Methods
Study design, setting, and participants

In this cross-sectional analysis, we curated data from
the web-based, multi-country, prospective JADE Register, established as part of a quality improvement
program to improve care and promote collaborative
research in Asia [23]. The JADE Technology was established in 2007 by the Asia Diabetes Foundation, a nonprofit research organization governed by the Chinese
University of Hong Kong Foundation. The JADE portal
adopted the same database structure of the Hong Kong
Diabetes Register to guide structured data collection
during a clinic visit for risk stratification and promotion
of personalized care. All participating sites were given
an operating manual together with the case report form
downloadable from the JADE portal which consists of
details of rationale, purpose, and protocol including
definitions and procedures of the JADE Program [23].
Patients with diabetes were recruited from 427 hospital- and community-based clinics in 11 Asian countries/
regions (China, Hong Kong, India, Indonesia, Korea,
Malaysia, Philippines, Singapore, Taiwan, Thailand, and
Vietnam, refer to Table 1 in Additional file 1).
The present study included patients who were (1) aged
≥18 years, (2) diagnosed with type 2 diabetes, and (3)
enrolled between 2007 and 2021. All patients enrolled
in the JADE Register had physician-diagnosed diabetes
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Table 1 Profile of 86,931 patients with type 2 diabetes in the JADE Register between 2007 and 2021
Missing

Overall (n = 86,931)

Family history (n
= 51,705)

No family history (n
= 35,226)

Crude p-value

Adjusted p-value#

India

0

31,985 (36.8)

19,911 (38.5)

12,074 (34.3)

<0.001

<0.001

Hong Kong

0

23,076 (26.5)

14,632 (28.3)

8444 (24.0)

Country/region of recruitment

Philippines

0

11,167 (12.8)

6578 (12.7)

4589 (13.0)

Vietnam

0

6599 (7.6)

2577 (5.0)

4022 (11.4)

China

0

5563 (6.4)

2572 (5.0)

2991 (8.5)

Taiwan

0

2735 (3.1)

1820 (3.5)

915 (2.6)

Indonesia

0

1513 (1.7)

940 (1.8)

573 (1.6)

Korea

0

1497 (1.7)

823 (1.6)

674 (1.9)

Malaysia

0

1205 (1.4)

1028 (2.0)

177 (0.5)

Thailand

0

1048 (1.2)

436 (0.8)

612 (1.7)

Singapore

0

543 (0.6)

388 (0.8)

155 (0.4)

Age (years)

60

Age at diagnosis of diabetes (years)

6285

56.6 ± 11.6

55.2 ± 11.0

58.5 ± 12.0

Diabetes duration (years)

6282

Sex—male

6

8.18 ± 7.48

8.74 ± 7.66

Sociodemographic profile
49.8 ± 10.5

46,487 (53.5)

47.9 ± 9.7

27,600 (53.4)

<0.001

<0.001

52.5 ± 10.9

<0.001

<0.001

7.35 ± 7.12

<0.001

0.011

18,887 (53.6)

0.480

<0.001

<0.001

<0.001

<0.001

<0.001

Education
   Primary school or below

2502

   Middle school and above

18,772 (22.2)

9066 (18.0)

9706 (28.4)

65,657 (77.8)

41,233 (82.0)

24,424 (71.6)

47,388 (55.0)

26,663 (51.9)

20,725 (59.6)

38,774 (45.0)

24,745 (48.1)

14,029 (40.4)

Employment status
  Non-worker

769

  Worker
Family history
   No family history

0

35,226 (40.5)

-

-

-

-

  Father only

0

8534 (9.8)

-

-

-

-

  Mother only

0

11,432 (13.2)

-

-

-

-

  Both parents

0

3841 (4.4)

-

-

-

-

  Siblings only

0

9975 (11.5)

-

-

-

-

  Father + siblings

0

5200 (6.0)

-

-

-

-

0

7379 (8.5)

-

-

-

-

  Father + mothers + siblings

0

5344 (6.1)

-

-

-

-

   <3 times per week

46,445 (55.2)

27,876 (55.4)

18,569 (55.0)

0.264

<0.001

  ≥3 times per week

37,631 (44.8)

22,443 (44.6)

15,188 (45.0)

   Never or occasional

40,577 (48.4)

25,105 (50.0)

15,472 (46.1)

<0.001

<0.001

  Always

43,232 (51.6)

25,111 (50.0)

18,121 (53.9)

  Never/Ex-smoker

75,500 (87.9)

44,633 (87.0)

30,867 (89.2)

<0.001

<0.001

  Current smoker

10,404 (12.1)

6673 (13.0)

3731 (10.8)

65,749 (76.7)

38,414 (75.0)

27,335 (79.2)

  Mother + siblings

Self-management (based on recall in last 3 months)
Physical activity (30-min duration)

Adherence to a balanced diet

Use of tobacco

Use of alcohol

2855

3122

1027

1159

  Never/occasional drinker
  Ex-/regular drinker

<0.001
<0.001

20,023 (23.3)

12,835 (25.0)

7188 (20.8)

8231

55,472 (70.5)

34,715 (73.5)

20,757 (65.9)

<0.001

<0.001

HbA1c (%)

10,901

HbA1c (mmol/mol)

10,901

8.00 ± 1.88

8.00 ± 1.82

8.00 ± 1.96

Fasting plasma glucose (mmol/L)

9636

Total cholesterol (mmol/L)

15,389

8.39 ± 3.18

8.45 ± 3.11

HDL-C (mmol/L)

13,426

LDL-C (mmol/L)

13,699

Triglyceride (mmol/L)

12,472

eGFR (ml/min/1.73m2)

15,643

Self-monitoring of blood glucose
Biochemistry

64.0 ± 20.6

4.70 ± 1.16

1.21 ± 0.49

2.70 ± 1.15

1.91 ± 2.36

82.0 ± 23.7

64.0 ± 19.9

4.68 ± 1.15

1.20 ± 0.41

2.68 ± 1.12

1.88 ± 2.41

83.1 ± 23.6

0.839

<0.001

64.0 ± 21.4

0.839

<0.001

8.30 ± 3.28

<0.001

0.821

4.74 ± 1.19

<0.001

<0.001

1.24 ± 0.59

<0.001

<0.001

2.72 ± 1.20

<0.001

0.660

1.95 ± 2.30

<0.001

0.151

80.5 ± 23.7

<0.001

0.307
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Table 1 (continued)
Missing

Overall (n = 86,931)

Family history (n
= 51,705)

No family history (n
= 35,226)

Crude p-value

Adjusted p-value#

30,797

20.3 ± 82.0

20.0 ± 80.4

20.8 ± 84.1

0.286

0.001

Systolic blood pressure (mmHg)

1439

131.0 ± 16.9

131.0 ± 17.4

0.875

1599

131.0 ± 17.1

0.758

Diastolic blood pressure (mmHg)

<0.001

0.003

Body Mass Index (kg/m2)

4005

26.2 ± 4.55

26.4 ± 4.50

26.0 ± 4.59

<0.001

0.197

Urinary ACR (mg/mmol)
Cardiometabolic risk factors

78.9 ± 9.5

79.0 ± 9.5

78.7 ± 9.6

 Hyperglycemiaa

7567

24,983 (78.1)

<0.001

0.025

 Hypertensionb

1205

55,618 (64.9)

33,469 (65.5)

22,149 (63.9)

<0.001

<0.001

 Dyslipidemiac

9417

68,161 (87.9)

40,991 (88.8)

27,170 (86.7)

<0.001

<0.001

“A” goal achieved

10,901

25,810 (33.9)

14,718 (32.9)

11,092 (35.4)

<0.001

0.009

“B” goal achieved

1573

24,264 (28.4)

14,633 (28.8)

9631 (27.9)

0.002

<0.001

“C” goal achieved

13,699

37,477 (51.2)

22,323 (51.4)

15,154 (50.8)

0.101

0.532

≥ 2 “ABC” goals achieved

18,005

23,062 (33.5)

13,497 (33.4)

9565 (33.5)

0.672

<0.001

Oral glucose-lowering drug

0

72,318 (83.2)

43,970 (85.0)

28,348 (80.5)

<0.001

<0.001

Insulin

0

21,302 (24.5)

13,322 (25.8)

7980 (22.7)

<0.001

<0.001

Lipid-regulating drug

1197

41,985 (49.0)

26,445 (51.6)

15,540 (45.0)

<0.001

<0.001

Blood pressure-lowering drug

740

47,003 (54.5)

28,756 (55.9)

18,247 (52.5)

<0.001

<0.001

Renin-angiotensin system inhibitors

0

29,199 (33.6)

17,926 (34.7)

11,273 (32.0)

<0.001

<0.001

63,397 (79.9)

38,414 (81.1)

“ABC” treatment goalsd

Drug use at baseline

Family history defined by diabetes affecting father, mother, and/or siblings
JADE Joint Asia Diabetes Evaluation, HbA1c glycated haemoglobin, eGFR estimated glomerular filtration rate, ACRalbumin-creatinine ratio
Data were expressed as mean ± SD or number (%)
a

b
c

Hyperglycemia = HbA1c > 7% (53 mmol/mol) or fasting plasma glucose > 7 mmol/L

Hypertension = blood pressure ≥ 140/90 mmHg or on any blood pressure-lowering drugs

Dyslipidemia= LDL-C ≥ 2.6 mmol/L, HDL-C < 1 mmol/L, triglycerides ≥ 2.3 mmol/L, or on any lipid-regulating drugs

d

“ABC” goals refer to HbA1c <7% (53 mmol/mol) (A), blood pressure <130/80 mmHg (B), and LDL-C <2.6 mmol/L (C)

#

P-value adjusted for age, sex and diabetes duration

Fig. 1 Prevalence of family history among patients with type 2 diabetes across 11 Asian countries/regions. Figures at the end of the bars show the
proportions of patients having family history of diabetes (father, mother, and/or siblings) in the corresponding countries/regions
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Fig. 2 Kaplan-Meier estimate of age at diagnosis stratified by presence of family history. FamH, family history of diabetes (father, mother, and/
or siblings). The figure shows the mean age at diagnosis (years) in non-FamH group vs. FamH group in (A) overall study population [52.5, 95%CI
52.4–52.6] vs. [47.9, 95%CI 47.8–49.0], (B) China [53.7, 95%CI 53.3–54.1] vs. [49.6, 95%CI 49.2–50.0], (C) Hong Kong [54.6, 95%CI 54.3–54.8] vs. [49.0,
95%CI 48.8–49.2], (D) India [48.6, 95%CI 48.4–48.7] vs. [45.7, 95%CI 45.6–45.8], (E) Indonesia [53.6, 95%CI 52.7–54.6] vs. [49.8, 95%CI 49.2–50.5], (F)
Korea [51.9, 95%CI 51.1–52.7] vs. [48.2, 95%CI 47.5–48.9], (G) Malaysia [53.4, 95%CI 51.9–55.0] vs. [47.9, 95%CI 47.3–48.6], (H) Philippines [55.3, 95%CI
54.9–55.6] vs. [49.7, 95%CI 49.4–50.0], (I) Singapore [53.1, 95%CI 51.3–54.8] vs. [46.9, 95%CI 45.7–48.0], (J) Taiwan [54.3, 95%CI 53.6–54.9] vs. [50.3,
95%CI 49.9–50.8], (K) Thailand [51.5, 95%CI 50.6–52.3] vs. [48.6, 95%CI 47.5–49.6], and (L) Vietnam [54.9, 95%CI 54.6–55.3] vs. [49.8, 95%CI 49.4–50.2].
All comparisons showed p<0.001 with log-rank test

based on the American Diabetes Association criteria [24] and received routine care at the clinics. At the
enrolment visit, patients attended the clinics after at

least 8 h of fasting and underwent a structured interview by trained nurses using case report form with predefined fields and coded responses. This was followed
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Fig. 3 Kaplan-Meier estimate of age at diagnosis stratified by family history affecting parents and/or siblings. FamH, family history of diabetes
(father, mother, and/or siblings). The figure shows the mean age at diagnosis (years) in non-FamH group vs. FamH group with affected siblings only
vs. FamH group with affected single parent ± affected siblings vs. FamH group with affected both parents ± affected siblings in (A) overall study
population [52.5, 95%CI 52.4–52.6] vs. [51.5, 95%CI 51.3–51.7] vs. [47.7, 95%CI 47.6–47.8] vs. [44.6, 95%CI 44.5–44.8], (B) China [53.7, 95%CI 53.3–54.1]
vs. [53.3, 95%CI 52.6–54.0] vs. [48.4, 95%CI 47.9–48.8] vs. [46.1, 95%CI 45.0–47.2], (C) Hong Kong [54.6, 95%CI 54.3–54.8] vs. [52.8, 95%CI 52.4–53.2]
vs. [48.7, 95%CI 48.5–48.9] vs. [45.7, 95%CI 45.3–46.1], (D) India [48.6, 95%CI 48.4–48.7] vs. [48.0, 95%CI 47.7–48.4] vs. [46.0, 95%CI 45.9–46.2] vs. [43.0,
95%CI 42.7–43.2], (E) Indonesia [53.6, 95%CI 52.7–54.6] vs. [53.2, 95%CI 51.7–54.6] vs. [49.5, 95%CI 48.6–50.3] vs. [47.4, 95%CI 45.7–49.1], (F) Korea
[51.9, 95%CI 51.1–52.7] vs. [50.7, 95%CI 49.6–51.9] vs. [47.2, 95%CI 46.3–48.0] vs. [44.9, 95%CI 43.0–46.8], (G) Malaysia [53.4, 95%CI 51.9–55.0] vs. [51.2,
95%CI 49.6–52.7] vs. [48.2, 95%CI 47.4–49.1] vs. [45.4, 95%CI 44.2–46.7], (H) Philippines [55.3, 95%CI 54.9–55.6] vs. [53.5, 95%CI 52.9–54.1] vs. [49.0,
95%CI 48.7–49.3] vs. [46.7, 95%CI 46.0–47.4], (I) Singapore [53.1, 95%CI 51.3–54.8] vs. [50.9, 95%CI 47.9–54.0] vs. [46.4, 95%CI 45.0–47.8] vs. [45.8,
95%CI 43.4–48.1], (J) Taiwan [54.3, 95%CI 53.6–54.9] vs. [54.2, 95%CI 53.3–55.2] vs. [49.7, 95%CI 49.2–50.3] vs. [47.5, 95%CI 46.4–48.6], (K) Thailand
[51.5, 95%CI 50.6–52.3] vs. [52.1, 95%CI 50.5–53.6] vs. [47.0, 95%CI 45.5–48.4] vs. [45.9, 95%CI 42.8–49.1], and (L) Vietnam [54.9, 95%CI 54.6–55.3] vs.
[52.5, 95%CI 51.9–53.1] vs. [48.0, 95%CI 47.5–48.5] vs. [47.3, 95%CI 45.9–48.8]. All comparisons showed p <0.001 with log-rank test
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Fig. 4 Kaplan-Meier estimate of age at diagnosis stratified by combination of family history and healthy lifestyles. FamH, family history of diabetes
(father, mother, and/or siblings). Healthy lifestyles include adequate physical activity (30 min at least 3 times weekly), adherence to a balanced diet,
never or occasional alcohol drinker, and never or ex-smoker. The figure shows the mean age at diagnosis (years) in FamH- group with <2 healthy
lifestyles vs. FamH− group with ≥2 healthy lifestyles vs. FamH+ group with <2 healthy lifestyles vs. FamH+ group with ≥2 healthy lifestyles in (A)
overall study population [50.1, 95%CI 49.8–50.5] vs. [52.8, 95%CI 52.7–52.9] vs. [46.0, 95%CI 45.8–46.2] vs. [48.2, 95%CI 48.1–48.3], (B) China [53.0,
95%CI 51.5–54.5] vs. [57.4, 95%CI 56.3–58.4] vs. [50.2, 95%CI 48.6–51.8] vs. [54.3, 95%CI 53.1–55.4], (C) Hong Kong [56.0, 95%CI 54.4–57.6] vs. [59.5,
95%CI 58.7–60.2] vs. [52.0, 95%CI 51.1–53.0] vs. [54.5, 95%CI 54.0–55.0], (D) India [51.5, 95%CI 49.5–53.5] vs. [52.9, 95%CI 52.3–53.5] vs. [46.0, 95%CI
45.2–46.9] vs. [48.5, 95%CI 48.0–48.9], (E) Indonesia [52.8, 95%CI 47.9–57.6] vs. [58.8, 95%CI 56.6–60.9] vs. [50.2, 95%CI 45.6–54.8] vs. [58.0, 95%CI
55.5–60.4], (F) Korea [50.9, 95%CI 45.7–56.1] vs. [55.3, 95%CI 51.6–59.0] vs. [50.3, 95%CI 45.3–55.2] vs. [53.1, 95%CI 50.4–55.7], (G) Malaysia [52.4, 95%CI
47.1–57.7] vs. [53.2, 95%CI 51.6–54.8] vs. [45.7, 95%CI 43.8–47.6] vs. [48.2, 95%CI 47.5–48.9], (H) Philippines [53.7, 95%CI 51.8–55.6] vs. [58.6, 95%CI
57.7–59.5] vs. [51.6, 95%CI 49.9–53.2] vs. [53.7, 95%CI 52.9-54.5], (I) Singapore [53.0, 95%CI 53.0–53.0] vs. [59.4, 95%CI 54.4–64.4] vs. [53.3, 95%CI
49.2–57.3] vs. [55.2, 95%CI 52.5-57.9], (J) Taiwan [53, 95%CI 53–53] vs. [59.4, 95%CI 54.4–64.4] vs. [53.3, 95%CI 49.2–57.3] vs. [55.2, 95%CI 52.5-57.9],
(K) Thailand [58.1, 95%CI 55.0–61.3] vs. [45.0, 95%CI 40.4–49.6] vs. [59.8, 95%CI 53.4–66.2] vs. [57.2, 95%CI 54.3–60.0], and (L) Vietnam [54.5, 95%CI
51.7–57.4] vs. [58.5, 95%CI 57.3–59.6] vs. [50.7, 95%CI 47.2–54.2] vs. [52.8, 95%CI 51.5–54.1]. All comparisons showed p <0.05 with log-rank test
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by collection of fasting blood and early morning urine
samples for laboratory assays as well as eye and feet
examination according to the standardized JADE protocol. Patients with type 1 diabetes (defined as history of
diabetic ketoacidosis and/or requirement of continuous
insulin within one year of diagnosis) and unclassified
diabetes were excluded [23, 25].
Exposures and covariates

Collected data included demographics (age and gender), age at diagnosis, types of diabetes, FamH of diabetes affecting first-degree relatives (father, mother, and
siblings), education (primary school or below versus
middle school or above), and employment (non-worker
versus worker). FamH of diabetes in offsprings was not
recorded. Use of medications (yes/no) including oral glucose-lowering drugs, insulin, lipid-lowering drugs, and
blood pressure (BP)-lowering drugs was also recorded at
enrolment.
Self-reported lifestyle factors and regular SMBG
were based on recall in the past 3 months using coded
responses. We recorded the frequency of physical
activity more than 30 min (none, <3 times, 3–4 times,
5 times, or >5 times weekly), adherence to a balanced
diet (yes, occasionally, or no), use of tobacco (never,
ex-, or current smoker), and alcohol (never, ex-, occasional and regular drinker). Healthy lifestyles included
adequate physical activity (30 min daily at least thrice
weekly), adherence to a balanced diet (yes), never or
ex-smoker, and never or occasional drinker. Self-management was based on the aforementioned 4 lifestyle
factors and SMBG (yes/no) and was defined by ≥3 of 5
favorable factors
Outcomes

The outcomes included age at diagnosis and cardiometabolic risk factors. Overnight fasting blood samples
were collected for measuring fasting plasma glucose
(FPG), glycated hemoglobin (HbA1c), and lipid profile
(total cholesterol, high-density lipoprotein cholesterol
[HDL-C], calculated low-density lipoprotein cholesterol
[LDL-C], and triglyceride). Cardiometabolic risks were
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defined as follows: hyperglycemia=HbA1c>7% (53 mmol/
mol) or FPG>7 mmol/L; hypertension=BP≥140/90
mmHg and/or treatment with any BP-lowering drugs;
dyslipidemia=LDL-C≥2.6 mmol/L, HDL-C<1.0 mmol/L
in men or <1.3 mmol/L in women, triglycerides≥2.3
mmol/L and/or treatment with any lipid-lowering
drugs. Optimal control was defined as attainment of
≥2 “ABC” targets (HbA1c<7%, BP<130/80 mmHg, LDLC<2.6 mmol/L) [26, 27] which was associated with 30%
reduction in incident cardiovascular disease in Chinese
patients with type 2 diabetes [28].
Data analysis

Patients with complete FamH information (father,
mother, and siblings) were included in the analysis.
Descriptive statistics were presented as mean±SD or
number (percentages) as appropriate. For between-group
comparisons, we used the chi-square tests for categorical
variables and the Independent t-tests for continuous variables. P-values adjusted for age, sex, and diabetes duration were further computed using regression methods.
In this cross-sectional analysis of patients with diagnosed diabetes, age at diagnosis (outcome) and effect
of FamH (exposure) occurred before the data collection
time-point. As reported by other workers [14], we used
Kaplan-Meier estimation to compare the incidence of
diabetes (y-axis) at each observed event time, i.e., age
(x-axis) with log-rank p-value to provide a visual summary across all time-points. We stratified patients into
four groups: (1) non-FamH group with <2 healthy lifestyles, (2) non-FamH group with ≥2 healthy lifestyles,
(3) FamH group with <2 healthy lifestyles, and (4) FamH
group with ≥2 healthy lifestyles and compared the mean
age at diagnosis of type 2 diabetes with 95% confidence
interval (95% CI). We performed sensitivity analysis by
repeating the Kaplan-Meier analysis on patients diagnosed for less than 1 year prior to baseline assessment to
minimize impact of care on behavioral changes.
We conducted binary logistic regression to examine
the associations of FamH with cardiometabolic profiles
and attainment of “ABC” targets as dependent variables, adjusted for countries/regions, year of enrolment,

(See figure on next page.)
Fig. 5 Binary logistic regression of family history of diabetes on cardiometabolic profiles in different countries. All models were adjusted for age,
sex, education (middle school and above vs. primary school or below), employment (worker vs. non-worker), drug use (oral glucose-lowering drug,
insulin, lipid-regulating drug, blood pressure-lowering drug, and renin-angiotensin system inhibitors), physical activity, adherence to a balanced
diet, alcohol use, smoking status, self-monitoring of blood glucose, duration of diabetes, and year of enrolment. The overall association was
adjusted for the above variables and country/region of recruitment. Hyperglycemia = HbA1c > 7% (53 mmol/mol) or fasting plasma glucose > 7
mmol/L. Hypertension = blood pressure ≥ 140/90 mmHg or on any blood pressure-lowering drugs. Dyslipidemia= LDL-C ≥ 2.6 mmol/L, HDL-C <
1 mmol/L, triglycerides ≥ 2.3 mmol/L, or on any lipid-regulating drugs. “ABC” goals refer to H
 bA1c <7% (53 mmol/mol) (A), blood pressure <130/80
mmHg (B), and LDL-C <2.6 mmol/L (C). ***p<0.001, **p<0.01, *p<0.05; AOR = Adjusted odds ratios, 95% CI = 95% confidence interval
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demographics, socioeconomic status (education and
employment), self-management, medication use, and
duration of diabetes. We tested for interaction effects
between FamH and self-management (lifestyle factors
plus SMBG). Given that the interaction terms were not
straightforward for interpretation by general readers, we
conducted subgroup analysis to demonstrate whether
the strength of associations of self-management with
dependent variables varied between FamH and nonFamH groups, expressed as adjusted odds ratios (aOR)
with 95%CI. We also performed stratified analyses to
explore the consistency of the associations across countries/regions. All analyses were conducted using Statistical Package for Social Sciences (IBM, version 26) and
R (version 4.0.2). A two-sided P value <0.05 was considered significant. Given the large sample size in the present study, listwise deletion was adopted for handling
missing data.

Results
A total of 113,184 patients with diabetes were enrolled
in the JADE Register from 2007 to 2021. After excluding patients with type 1 diabetes (n=1567) or unclassified diabetes (n=8310) and incomplete FamH data
(n=16,376), we included 86,931 (76.8%) patients with
type 2 diabetes [mean±SD age: 56.6±11.6 years, 53.5%
men] in our final analysis (Table 1). Overall, 59.5% of the
patients reported a positive FamH, with mother-only
FamH being most common (13.2%), followed by siblings-only FamH (11.5%) and father-only FamH (9.8%).
Among the 11 countries/regions, the prevalence of FamH
ranged from 39.1 to 85.3% (Fig. 1). Compared with the
non-FamH group, the FamH group was younger without sex preponderance (Table 1). They had better education (middle school or above) and were more likely to be
actively employed and perform regular SMBG, but less
likely to report a healthy lifestyle (healthy diet, never or
ex-smoker, never or occasional alcohol drinker) (adjusted
p-values<0.05).
Figures 2 and 3 show the cumulative proportion
defined by age at diagnosis across FamH groups. Overall,
the FamH group was diagnosed 4.6 years earlier than the
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non-FamH group [mean (95% CI): 47.9 (47.8–48.0 years)
vs. 52.5 (52.4–52.6) years] (Fig. 2). Patients with FamH
affecting both parents with/without siblings had the earliest age at diagnosis [44.6 (44.5-44.8 years)], followed by
FamH affecting single parent with/without siblings [47.7
(47.6-47.8 years)] and FamH affecting siblings only [51.5
(51.3-51.7 years)], with non-FamH group having the oldest age at diagnosis [52.5 (52.4-52.6 years)] (Fig. 3). The
findings were consistent across the 11 countries/regions.
Figure 4 presents the combined associations of lifestyles and FamH with mean age at diagnosis. The nonFamH group with ≥2 healthy lifestyles had the oldest
age at diagnosis [52.8 (52.7–52.9) years] while the FamH
group with <2 healthy lifestyles had the earliest age at
diagnosis [46.0 (45.8–46.2) years]. The FamH group with
≥2 healthy lifestyles had an age at diagnosis [48.2 (48.1–
48.3) years] close to the non-FamH group with <2 healthy
lifestyles [50.1 (49.8–50.5) years]. Similar patterns were
observed in 11 Asian countries/regions. The results of
sensitivity analysis (Additional file 1: Figure S2) including patients with type 2 diabetes diagnosed within 1 year
before enrolment (n=8,556) were consistent with the
overall analysis (n=86,931).
After adjusting for country, years of registration,
demographics, education, employment status, lifestyles,
SMBG, and medication use at registration, the FamH
group had higher odds of hypertension (aOR 1.10, 95%
CI 1.05–1.14) and dyslipidemia (aOR 1.19, 95% CI 1.13–
1.26) but also higher odds of achieving the “A” goal (aOR
1.05, 95% CI 1.02–1.09), “B” goal (aOR 1.06, 95% CI 1.02–
1.10), and ≥2 “ABC” goals (aOR 1.07, 95% CI 1.03–1.11),
albeit with considerable inter-country variations (Fig. 5).
Patients with affected parents with/without siblings also
had higher adjusted odds of hyperglycemia, hypertension, and dyslipidemia compared to patients with affected
siblings only (Fig. 6).
Self-management (healthy lifestyles plus SMBG) was
associated with lower odds of hyperglycemia, hypertension, and dyslipidemia, and higher odds of attaining
each “ABC” goal in both FamH and non-FamH groups,
with greater strength of associations in the FamH group
(Fig. 7F). The interaction term (FamH × self-management) was associated with lower odds of hypertension

(See figure on next page.)
Fig. 6 Binary logistic regression of family history affecting parents and/or siblings on cardiometabolic profiles. All models were adjusted for age,
sex, education (middle school and above vs. primary school or below), employment (worker vs. non-worker), drug use (oral glucose-lowering drug,
insulin, lipid regulating drug, blood pressure-lowering drug, and renin-angiotensin system inhibitors), physical activity, adherence to a balanced
diet, alcohol use, smoking status, self-monitoring of blood glucose, duration of diabetes, year of enrolment, and country/region of recruitment.
Hyperglycemia = HbA1c > 7% (53 mmol/mol) or fasting plasma glucose > 7 mmol/L. Hypertension = blood pressure ≥ 140/90 mmHg or on any
blood pressure-lowering drugs. Dyslipidemia= LDL-C ≥ 2.6 mmol/L, HDL-C < 1 mmol/L, triglycerides ≥ 2.3 mmol/L, or on any lipid-regulating
drugs. “ABC” goals refer to HbA1c <7% (53 mmol/mol) (A), blood pressure <130/80 mmHg (B), and LDL-C <2.6 mmol/L (C). ***p<0.001, **p<0.01,
*p<0.05. AOR = adjusted odds ratios, 95% CI = 95% confidence interval
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(aOR 0.90, 95% CI 0.82–0.98) and higher odds of achieving the “A” goal (aOR 1.10, 95% CI 1.00–1.20), “B” goal
(aOR 1.20, 95% CI 1.10–1.31), “C” goal (aOR 1.18, 95%
CI 1.08–1.28), and ≥ 2 “ABC” goals (aOR 1.19, 95% CI
1.08–1.30) (Additional file 1: Table S2). Subgroup analyses showed interaction between each behavior and FamH
(Fig. 7A–D) except for SMBG with similar effect size in
FamH and non-FamH group (Additional file 1: Table S2)
while never or occasional use of alcohol was associated
with lower odds of “A” and “B” goal achievement.

Discussion
Based on hypothesis defined a priori, to the best of our
knowledge, this is the first real-world evidence on the
combined associations of FamH and behavioral factors
with age at diagnosis and control of cardiometabolic
risk factors in Asian patients with type 2 diabetes. In
this study, the proportion of patients with FamH of diabetes ranged from 39.1% in Vietnam to 85.3% in Malaysia, similar to the 40–60% prevalence of FamH reported
from Korea, India, and Belgium [14–17], Overall, the
FamH group was diagnosed 4.6 years younger than the
non-FamH group which was the same as that reported
in a Korean study [14]. In Sydney, other researchers also
showed earlier age of diagnosis by 1.7 years for every 10%
increase in affected family members [29].
The FamH plus unhealthy lifestyle group had the earliest age at diagnosis (46.0 years) while the non-FamH
plus healthy lifestyle group had the oldest age at diagnosis (52.8 years). Interestingly, the FamH plus healthy
lifestyle group (48.2 years) had similar age at diagnosis as
the non-FamH plus unhealthy lifestyle group (50.1 years).
This trend was found in both newly diagnosed patients
and those with established diabetes. In part due to their
younger age and active work-life, the FamH group was
less likely to report healthy lifestyles with suboptimal
control of cardiometabolic risk factors. While self-management (healthy lifestyle plus SMBG) was associated
with better control of cardiometabolic risk factors and
attainment of treatment goals in both FamH and nonFamH groups, this association was more marked in the
FamH group with significant interaction. Although some
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researchers had specifically reported that healthy lifestyles might delay the onset of diabetes [30], no stratified
analysis by FamH was reported.
The proportions of patients with FamH vary amongst
different countries/regions. This might reflect different
levels of public awareness regarding the familial nature of
diabetes and access to early detection programs. Despite
differences in national income levels, health systems and
access to medicines, care, and support, the interactions
between FamH and self-management on age at diagnosis
and control of cardiometabolic risk factors were consistent across all participating Asian countries or areas. In
our study, 1 in 3 patients reported a maternal history of
diabetes with or without other affected family members.
This accords with the known risk associations of maternal hyperglycemia with early-onset diabetes in the offspring [2, 31], likely attributable to intrauterine effects of
maternal obesity and gestational diabetes [6]. Apart from
shared environment, lifestyles, common and rare genetic
factors [32], chronic hepatitis B infection, and hemoglobinopathy (affecting 6–10% of the Asian population) with
familial clustering were associated with increased risk
of diabetes. These risk associations might be due to low
grade inflammation and oxidative stress, which might
contribute to the familial clustering of diabetes [33, 34].
In our literature search, we did not find direct evidence suggesting that FamH raised awareness resulting
in early screening and younger age of diagnosis. Some
researchers had reported that African Americans with
FamH were more aware of risk factors for diabetes and
more likely to consume fruits and vegetables and engage
in diabetes screening [35]. This might lead to a younger
age of diagnosis, especially in healthcare systems with
easy access to screening service. However, in our study,
patients with FamH were less likely to report healthy
lifestyles, which might interact with genetic factors to
bring forward age at diagnosis. On the other hand, compared with those without FamH, they were more likely
to perform SMBG. Given the benefits of peer support on
self-management [36], we hypothesize that mutual support among affected family members might motivate
increased use of SMBG to control blood glucose. In the

(See figure on next page.)
Fig. 7 Binary logistic regression of self-management stratified by family history on cardiometabolic profiles. Self-management was defined as
≥3 of 5 behavioral factors including adequate physical activity (30 min at least 3 times weekly), adherence to a balanced diet, never or occasional
alcohol drinker, and never or ex-smoker, or self-monitoring of blood glucose. All models were adjusted for age, sex, education (middle school and
above vs. primary school or below), employment (worker vs. non-worker), drug use (oral glucose-lowering drug, insulin, lipid regulating drug, blood
pressure-lowering drug, and renin-angiotensin system inhibitors), duration of diabetes, year of enrolment, and country/region of recruitment.
Hyperglycemia = HbA1c > 7% (53 mmol/mol) or fasting plasma glucose > 7 mmol/L. Hypertension = blood pressure ≥ 140/90 mmHg or on any
blood pressure-lowering drugs. Dyslipidemia= LDL-C ≥ 2.6 mmol/L, HD-CL < 1 mmol/L, triglycerides ≥ 2.3 mmol/L, or on any lipid-regulating
drugs. “ABC” goals refer to HbA1c <7% (53 mmol/mol) (A), blood pressure <130/80 mmHg (B), and LDL-C <2.6 mmol/L (C). ***p<0.001, **p<0.01,
*p<0.05. FamH = family history of diabetes (father, mother, and/or siblings). AOR, adjusted odds ratios; 95% CI, 95% confidence interval
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International Diabetes Mellitus Practice Survey recruiting patients outside Europe and North America, SMBG
was the only factor associated with attainment of H
 bA1c
goal across all regions [27]. Data from the Taiwan Diabetes Registry also shows that SMBG was associated with
higher odds of HbA1c<7% in patients with recently diagnosed type 2 diabetes [35]. Qualitative analysis through
direct interview may provide more insights on differences
in behavioral determinants such as values, perspectives,
and concerns between people with or without FamH [2].
Implication

There is a wealth of randomized controlled trials showing that diabetes can be prevented in high-risk individuals, although few studies highlighted the delayed age at
diagnosis [2]. Although some researchers had specifically
reported that healthy lifestyles might delay the onset of
diabetes [30], no stratified analysis by FamH was reported.
Results from our analysis suggested that FamH, especially
affecting parents and/or siblings, brought forward the
age at diagnosis by nearly 5 years although this could be
delayed by healthy lifestyles. Similarly, although patients
with FamH had worse control of cardiometabolic risk factors than the non-FamH group, they appeared to benefit
more from self-management (lifestyles plus SMBG).
We leveraged the structured data collection of the
JADE Register to explore the associations of FamH with
age at diagnosis, cardiometabolic risks, and attainment of
treatment targets, which if sustained, would reduce clinical events in the long term [28]. In this light, the JADE
Register systematically gathered data in real-world practice to issue a personalized report complete with risk
stratification (including FamH), complications, targets/
trends of risk profile, and lifestyle factors to promote selfmanagement and early intervention [36].
Self-management is the cornerstone in diabetes prevention and treatment [37]. In this analysis, patients with FamH
and healthy lifestyles had an age at diagnosis close to those
without FamH and unhealthy lifestyles. Together with
SMBG, these positive health behaviors had greater effect
size in achieving treatment targets in patients with FamH
than those without. While many experts advocate the use
of biogenetic markers and algorithms to improve prediction, diagnosis, and management of patients with complex
diseases such as type 2 diabetes [37], our data suggested that
FamH is a simple proxy which can be used to identify highrisk individuals for intensive education and empowerment
to delay disease onset and improve clinical outcomes.
Strength, limitations, and future study

The JADE Register enrolled patients from a wide range
of hospital and community-based clinics in different
countries with universal, subsidized, or private payment
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structures. This heterogeneity improved the generalizability of our findings across Asia. Our study has several
limitations. First, the cross-sectional design precludes
elucidation of a causal relationship of behavioral factors
with age at diagnosis and cardiometabolic risks. Routine screening in some participating sites with specialized diabetes centers might have led to earlier diagnosis
of patients with FamH. On the other hand, in some lowand middle-income countries where people have to pay
out of pocket for screening, this might lead to delayed
diagnosis. Although there was heterogeneity in health
systems across the Asian regions, we had included region
and year of enrolment as covariates in the regression
models which yielded similar results on country-specific
analysis.
Given their exposure to an affected family member,
the interaction between FamH and self-management
on risk factor control is plausible. The negative associations between healthy lifestyle and age at diagnosis might be confounded by behavioral changes after
diagnosis although results were consistent in newly
diagnosed patients. The JADE Register uses a pragmatic design to implement data-driven integrated
care in a real-world setting [38, 39]. Thus, instead of
using complex instruments, we used simple questionnaires based on available evidence to assess behavioral
factors. The self-report of lifestyles and regular SMBG
might be subject to social desirability bias although
the use of coded responses in the case report form
increased the internal validity. Recall bias might also
introduce uncertainty of data such as age at diagnosis
especially for silent disease such as diabetes. We also
did not ascertain the FamH by confirming with the
family members.

Conclusions
A FamH of diabetes is a complex indicator of the multicausality of type 2 diabetes. While FamH and non-white
ethnicity are well-known risk factors for type 2 diabetes,
for the first time, our real-world evidence had quantified
the age at diagnosis in patients with or without FamH
and their associations with cardiometabolic risks, with
potential modification by self-management. Given the
legacy effect of glycemic control on future clinical events
[40, 41], early detection of prediabetes in family members
of affected patients for lifestyle intervention might delay
onset of diabetes. In patients with familial diabetes, promoting self-management might be particularly effective
in controlling cardiometabolic risk factors. These results
supported the recommendation of implementing a datadriven integrated diabetes program to adopt a familybased approach to detect, prevent, and treat diabetes
focusing on empowerment with ongoing support [42].
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