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Abstract.	 [Purpose] The purpose of the present study was to assess the relationship between age of onset and risk 
factors including family history and life style in Korean population with type 2 diabetes mellitus (T2D). [Subjects 
and Methods] Subjects with T2D patients who received outpatient care for blood sugar control were randomly sam-
pled at 13 general hospitals and 969 subjects were included. Cox proportional hazard models were used to confirm 
associations between age of onset and risk factors including family history and life style in Korean population with 
T2D. [Results] Parent history of T2D was significantly associated with age of onset. Compared to none of family 
members with T2D, those whose both father and mother had a history showed the highest the risk of early-onset 
(HR=2.36; 95% CI=1.45–3.85). Mother and father’s history of T2D (HR=1.73; 95% CI=1.46–2.05; HR=1.83; 95% 
CI=1.40–2.37) were associated with the risk of early-onset. Moreover, exercise (HR=1.23, CI=1.08–1.40) smoking 
status (HR=1.62, CI=1.32–1.99), and drinking (HR=1.32, CI=1.13–1.54) were associated with a higher risk for the 
early-onset. [Conclusion] Family history as well as life style including exercise, smoking, and drinking are the risk 
factors for early-onset factor in Korean population with T2D.
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INTRODUCTION

The prevalence of diabetes, comprised mostly by those with type 2 diabetes mellitus (T2D), is a growing public health 
concern worldwide accounting for substantial morbidity and premature mortality1, 2). The number of people with diabetes 
has more than doubled over the past three decades globally3). Around 415 million adults (20–79 years old) of the world’s 
population had diabetes in 2015. Furthermore, the public health burden of T2D may be underestimated because one in two 

J. Phys. Ther. Sci. 30: 201–206, 2018

*Corresponding. Ki-Bong Yoo (E-mail: kb53545@gmail.com)
©2018 The Society of Physical Therapy Science. Published by IPEC Inc.

This is an open-access article distributed under the terms of the Creative Commons Attribution Non-Commercial No Deriva-
tives (by-nc-nd) License. (CC-BY-NC-ND 4.0: https://creativecommons.org/licenses/by-nc-nd/4.0/)

 The Journal of Physical Therapy Science

https://creativecommons.org/licenses/by-nc-nd/4.0/


J. Phys. Ther. Sci. Vol. 30, No. 2, 2018 202

adults with diabetes remain undiagnosed for years. The estimated annual economic cost of diabetes-related care is USD 673 
billion, approximately 12% of global health expenditures1).

T2D is a multifactorial disease associated with the interactions of modifiable and nonmodifiable risk factors, including 
family history, age, gender, being overweight or obese, lifestyle, and the others4). Given that the onset and development of 
T2D can be delayed or prevented, understanding a mixture of genetic and epigenetic predispositions, as well as the variety of 
behavioral and environmental risk factors involved, is an important step toward its prevention and control. Among the many 
risks for T2D, family history is a strong and independent risk factor to reflect environmental and behavioral attributes in 
addition to genetics5). According to Hariri and colleagues6), family history is a more precise indicator of the presence of T2D 
than obesity, one of the well-established risk factors. Moreover, a family history has consistently been related to increased 
risk of type 2 diabetes mellitus5–10). When the father, mother, or both are diagnosed with T2D, the risk for the diagnosis of 
the condition increases approximately by 2–4 times11). Previous studies have suggested that maternal diabetes is more likely 
to increase the likelihood in the next generation than paternal7, 11). In addition, Jeong et al.8) found that family history was 
significantly associated with the onset of T2D at a younger age, which may lead to longer duration of the disease and more 
complications.

Given such family history knowledge and the burden of T2D on public health, family history provides a readily available, 
inexpensive screening tool to identify individuals in high risk groups for evaluation, detection, prevention, and risk reducing 
interventions6, 12). Furthermore, prevention efforts could be extended to family members who might be at an increased risk or 
possibly influential in assisting to change surroundings’ lifestyle. However, there are few studies about the family history of 
T2D among Asian populations8). Most of the studies have mainly been concentrated among western populations6, 13–15), and 
in-depth investigations among Asian populations are limited to a few studies9, 16, 17). Therefore, it is needed to study among 
Korean populations in clarifying the association between age of onset and risk factors including family history and life style 
of T2D. The purpose of the present study was to assess the relationship between age of onset and risk factors including family 
history and life style in Korean population with T2D.

SUBJECTS AND MEHTODS

Subjects with T2D patients who received outpatient care for blood sugar control were randomly sampled at 13 general 
hospitals. The study period was from Mar 19, 2013 to May 29, 2013. Initially, 2,610 patients who were more than 20 years 
old and had blood sugar control for more than six months were selected. This study was approved by the Institutional Review 
Board (IRB) of Korea (Asan Medical Center IRB: 2013–0334, Bucheon St. Mary’s Hospital IRB: CIRB-00062_1-032, Cheil 
General Hospital IRB: CGH-IRB-2013–3, Inje University Ilsan Paik Hospital IRB: IB-2–1304-014, Inje University Seoul 
Paik Hospital IRB: IIT-2013–059, Kyung Hee University Hospital at Gangdong IRB: KHNMC IRB 2013–042, Samsung 
Medical Center IRB: SMC 2013–01-019–001, Seoul National University Bundang Hospital IRB: B-1303–194-108, Seoul 
National University Hospital IRB: H-1303–057-47, Seoul St. Mary’s Hospital IRB: CIRB-00061_2-020, Yeouido St. Mary’s 
Hospital IRB: CIRB-00062_1-034, Yonsei University Gangnam Severance Hospital IRB: IRB No. 3–2013-0007). All study 
subjects were provided with written informed consent for the survey. Data of 2,610 patients were collected by retrospective 
chart review. Missing data for age of onset for T2D (N=196), body mass index (BMI) (N=76), smoking status (N=281), 
drinking (N=327), and family history of T2D (N=751) were excluded. Ultimately, a total of 969 subjects were included in 
this study.

The age of onset for T2D was set as the dependent variable. The age of onset for T2D was defined as the day when a 
doctor diagnosis a patient as a T2D patient. Diagnostic criteria for T2D were followed Korean diagnostic criteria of Korean 
Diabetes Association. The specific diagnostic criteria were as follows: 1) fasting plasma glucose ≥126 mg/dl; 2) 2-hour 
plasma glucose ≥200 mg/dl during the oral glucose tolerance test; 3) Classic symptoms of hyperglycemia or hyperglycemic 
crisis, a random plasma glucose level ≥200 mg/dl; 4) HbA1c ≥6.5%18). The independent variables were BMI, gender, health 
behaviors (exercise, smoking status, and drinking), and family history of T2D. Family history of T2D was investigated 
in each of ‘father+mother’, ‘father’, ‘mother’, ‘only siblings’, and ‘none’. The ‘father+mother’, ‘father’, and ‘mother’ 
categories included siblings as well. BMI was categorized into groups as underweight (BMI ≤18.5 kg/m2), normal (BMI 
18.5–22.9 kg/m2), overweight (BMI 23.0–24.9 kg/m2), and obese (BMI ≥25.0 kg/m2). Exercise and drinking was divided 
into binary as ‘no’ or ‘yes’. Exercise was collected based on the question ‘Do you do any kinds of physical activities?’. A 
criterion of drinking was recommended for an average of 3 cups/day, regardless of type. Smoking status was categorized as 
‘never’, ‘past’, ‘current’.

ANOVA and t-test analyses were used to compare the general characteristics and age of onset for T2D. The crude associa-
tion between family history and the age of onset for T2D was examined by Kaplan-Meier curves. Then, Cox proportional 
hazard models were used to identify the associations between family history of T2D and age of onset. The significance level 
was 0.05. All results from testing the proportional hazard assumption in the Cox proportional hazard model had p>0.05. All 
statistical analyses were performed with SAS version 9.4 (SAS Institute Inc., Cary, NC, USA).
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RESULTS

Table 1 shows the general characteristics of the study subjects. Among all 969 subjects, the average age of onset for T2D 
was 50.3 ± 11.2. For the cases where no one had T2D in the family, the average age of onset was 51.7 ± 11.6. The average 
age of onset for T2D was 52.9 ± 10.0 with those with siblings who had a history, 46.1 ± 10.1 with those whose mother had, 
46.0 ± 9.1 with father, and 43.0 ± 10.1 with both the father and mother.

Figure 1 shows the survival probability for family history of T2D. Both the dichotomous categorization of family history 
of T2D and each family member’s history were associated with the age of onset. Both of the Kaplan-Meier curves’ log rank 
tests were p<0.001. There was a significant difference in survival times between dichotomous categorization of family history 
of T2D in left side of Fig. 1. In right side of Fig. 1, the Kaplan-Meier survival curves were categorized into two groups: (1) 
Siblings and None; (2) Father and Mother.

Table 1.	 General characteristics of study population

N (%) Age of onset
for T2D

Significance

Total 969 (100.0) 50.3 ± 11.2
Family history of T2D None 542 (55.9) 51.7 ± 11.6 ***

Siblings 158 (16.3) 52.9 ± 10.0
Mother 186 (19.2) 46.1 ± 10.1
Father 66 (6.8) 46.0 ± 9.1
Father+Mother 17 (1.8) 43.0 ± 10.1

Gender Women 415 (42.8) 52.1 ± 11.3 ***

Men 554 (57.2) 49.0 ± 10.9
BMI Underweight 11 (1.1) 50.8 ± 12.2 **

Normal 493 (50.9) 51.1 ± 11.3
Overweight 214 (22.1) 50.6 ± 10.2
Obese 251 (25.9) 48.5 ± 11.7

Exercise No 404 (41.7) 51.0 ± 12.1 ns
Yes 565 (58.3) 49.8 ± 10.5

Smoking status Never 555 (57.3) 51.6 ± 11.1 ***
Past 225 (23.2) 51.4 ± 11.1
Current 189 (19.5) 45.2 ± 10.1

Drinking No 640 (66.1) 51.9 ± 11.3 ***
Yes 329 (34.0) 47.2 ± 10.3

T2D: type 2 diabetes mellitus.
***p<0.001; **p<0.01; *p<0.05; ns: not significant.

Fig. 1.	  Kaplan-Meier curves for family history of type 2 diabetes mellitus and age of onset for type 2 diabetes mellitus.
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Figure. 2 shows results of Kaplan-Meier curves for exercise, smoking status, and drinking. All log rank tests were sig-
nificant (p<0.05). Mean ages of onset for T2D are showed in Fig. 2. Mean ages of onset for T2D of those who did exercise 
or were drinkers were higher than those who were not. For smoking status, Kaplan-Meier survival curves were divided into 
never+past smoker group and current smoker group. Mean age of onset for T2D of current smoker was 45.2 years old, but it 
was 51.4 and 51.6 years old for past smoker and never smoked group.

The association between age of onset for T2D and risk factors including family history and life style is identified in Table 2. 
Family history of T2D was associated with a higher risk for the early-onset (hazard ratio (HR)=1.37; 95% confidence interval 
(CI)=1.20–1.56). Moreover, exercise (HR=1.23, CI=1.08–1.40), smoking status (HR=1.62, CI=1.32–1.99), and drinking 
(HR=1.32, CI=1.13–1.54) were also associated with a higher risk for the early-onset.

In Fig. 3, it was analyzed the association between family members’ history of T2D and age of onset. Parent history of 
T2D was significantly associated with age of onset. After adjusting all independent variables, the cases of T2D family history 
in ‘father+mother’ showed the highest risk of early-onset compared to ‘none’ (of family members with T2D) (HR=2.36; 
95% CI=1.45–3.85). Compared to none of family members with T2D, those whose mother had a history increased the risk 
of early-onset (HR=1.73; 95% CI=1.46–2.05) and those whose father had a history also increased the risk of early-onset 
(HR=1.83; 95% C I=1.40–2.37).

Table 2.	 Adjusted hazard ratios for the association between fam-
ily history and age of onset for type 2 diabetes mellitus

 HR CI
Family history 
of T2D

No 1.00
Yes 1.37 (1.20–1.56)***

Sex Women 1.00
Men 1.11 (0.93–1.33)

BMI Underweight 1.00
Normal 0.98 (0.54–1.79)
Overweight 1.03 (0.56–1.89)
Obese 1.20 (0.65–2.20)

Exercise No 1.00
Yes 1.23 (1.08–1.40)**

Smoking status Never 1.00
Past 0.87 (0.72–1.05)
Current 1.62 (1.32–1.99)***

Drinking No 1.00
Yes 1.32 (1.13–1.54)**

HR: Hazard ratio; CI: Confidence interval; T2D: Type 2 diabetes 
mellitus.
***p<0.001; **p<0.01; *p<0.05; ns: not significant.

Fig. 3.	  Hazard ratio between family member’s history of type 2 
diabetes mellitus and age of onset for type 2 diabetes mel-
litus.

Fig. 2.	  Kaplan-Meier curves for life style and age of onset for type 2 diabetes mellitus.
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DISCUSSION

T2D is a multifactorial disease associated with the interactions of various risk factors, including family history, age, 
gender, being overweight or obese, lifestyle, and the others. Especially, T2D has a genetic predisposition as family history 
and it remains to be an independent risk indicator6, 7, 9, 19, 20). While family history is fixed and irreversible, the significance 
of family history lies within its value of being a premature indicator of diabetes and associated risks, which can contribute to 
the early detection and prevention of T2D. Therefore, this research attempts to establish effective management strategies of 
T2D high risk factors by comprehending the family history and related factors of patients with T2D in Korea.

In this study, the overall average age of onset for diabetes was 50.3. The average age without a family history of T2D 
were recorded at 51.7, whereas those with a family history were recorded at 47, which indicate that participants with a family 
history have a higher risk for the diagnosis of diabetes at a younger age than those without a family history (HR=1.37; 95% 
CI=1.20–1.56). This result was similar with previous studies, which showed that the age of onset for T2D is associated with 
a family member’s history of T2D6, 8, 9, 21–23). The average age of onset for T2D was 43 in the case where both parents had a 
history, in contrast to 46 in where only one parent had a history. When compared to the subjects whose parents exhibited no 
signs of family diabetes, the subjects who had both parents with a history reflected a faster onset age of 9 years, with a faster 
onset age of 6 years for those who only had one parent. This result was similar to the previous research which showed that the 
onset of diabetes for those with parents having a history of T2D is likely to be 8.5–9 years earlier than those who had parents 
without a history, and 3.5–4 years earlier than those with only one parent22, 24).

Many studies have suggested that direct family history is a high risk indicator of onset for diabetes19, 24). This means the 
fact for those with both parents having a history of diabetes. This disposition maintains the highest risk of onset for diabetes 
when compared to those without family history7, 22). In the results, it showed that compared to those without any family 
history, the risk of early-onset was 2.3 times higher for those with both parents having T2D, 1.8 times higher for those whose 
father only, and 1.7 times higher for those whose mother only. These results were similar with previous studies that those with 
both parents having history of T2D have the highest risk of onset for diabetes.

Meanwhile, with regards to family history and the onset risk of T2D previous studies has shown that the mother’s history 
of diabetes contributed to a higher risk of diabetes than those whose father only7, 9, 22, 24). In contrast, the present results 
showed that the contribution of the father’s diabetes history constituted not significant difference in the early-onset. More 
studies are needed to investigate the influential environmental factors that families share, as previous reports demonstrated 
that the child whose mother had a history of T2D was at a higher risk of onset for diabetes due to the mother’s dietary and 
habitual influences including diet, drinking, smoking, and level of obesity7).

Unlike the non-malleable family history of diabetes, the lifestyle habit and obesity are kown as modifiable risk indicators 
of diabetes. However, these indicators are difficult to change simultaneously. Those with a family history of diabetes are 
more likely to recognize the risk of diabetes onset and thus engage in a healthy lifestyle habit to prevent diabetes25). Because 
lifestyle habit and obesity cannot be improved shortly, there are high probabilities that weight and daily habits might have 
not altered even after the diabetes diagnosis.

In the present study, the relationships between the age of onset and the lifestyle habits of patients with a family history of 
T2D were assessed. The risk of onset for diabetes was 1.23 higher for those who exercise than those who do not exercise. 
However, this shows a contrary result to the previous result which stated that the lack of physical activity and exercise is a 
risk indicator of diabetes onset19). One potential explanation for this could be that since this result was shared with partici-
pants after the diabetes diagnosis, more exercise could have been done by the participants due to the anxiety associated with 
the result and the belief that exercise is an effective factor that is easily modifiable compared to other daily habits.

Moreover, in this result, the risk of early-onset for diabetes in drinkers was 1.32 times higher than non-drinkers and in 
smokers 1.62 times higher than non-smokers. This is the reason that drinking and smoking are severe risk indicators for the 
onset of diabetes19, 23), as well as daily habits, which are difficult to modify even after the diabetes diagnosis.

Although obesity is a comparatively less risky factor than having a family history in the onset of T2D, many studies have 
confirmed that weight is an independent risk factor for the onset of diabetes19, 20, 22, 23). However, our research showed that 
BMI had no association with the early-onset of diabetes. Although there is some research that show that BMI has no associa-
tion with the early-onset of diabetes21), there is a high possibility of weight change due to the management of diabetes and 
blood sugar after the diagnosis of diabetes, which may lead to differences in BMI during diagnosis.

Because of variability of lifestyle habit and weight, this study has some limitations that we examined the patients’ weight 
and lifestyle habits at the time that the examination was conducted, rather than examining them immediately post-diagnosis. 
In the present study, the relationship between age of onset and risk factors including family history and life style in Korean 
population with T2D were assessed. Through our research, family history as well as life style including exercise, smoking, 
and drinking are the risk factors for early-onset factor in Korean population with T2D. Population with a family history of 
T2D need to actively modify their life style including exercise, smoking, and drinking in order to prevent or delay the onset 
of T2D.
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