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Abstract

:

Study Objective: to investigate the factors related to diabetes mellitus in the middle-aged and over in Taiwan. Method: data from seven surveys (in 1989–2011) from the “Taiwan Longitudinal Study on Aging” (TLSA), among cohort B (above the age 60 in 1989), cohort A (aged 50–66 in 1996), and cohort C (aged 50–66 in 2003), were analyzed by the interval-censored Cox model. Results: in the early aging stage (aged 60–64), diabetes mellitus prevalence among the same age appeared the lowest in cohort B, followed by cohort A; cohort C reveals the highest than the young generation. Moreover, suffering from hypertension and kidney diseases are closely related to diabetes mellitus, with the diabetes mellitus suffering hazard ratio of 2.53 (95%: 2.35, 2.73) and 1.26 (95%: 1.11, 1.44) times, respectively. For people with fair and poor self-rated health, the risk of suffering from diabetes mellitus is 1.16 (95%: 1.07, 1.27) and 1.50 (95%: 1.35, 1.67) times compared to people with good self-rated health, respectively. Conclusions: in this study, it is considered that an advanced interval censoring model analysis could more accurately grasp the characteristics of factors in people who are middle-aged and over suffering from diabetes mellitus in Taiwan.
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1. Introduction


The top ten leading causes of death in Taiwan in 2018 accounted for 77.5% of all deaths that year. They were sequenced as cancer, heart diseases, pneumonia, cerebral vascular diseases, diabetes mellitus, accident injuries, chronic lower respiratory diseases, hypertensive diseases, nephritis, nephrotic syndrome and nephropathy, and chronic liver diseases and liver cirrhosis. Cancer was continuously ranked on top, while diabetes mellitus was ranked fifth [1]. Among the ten leading causes of death, cerebral vascular diseases, cardiovascular disorder, and nephropathy were closely related to diabetes mellitus.



According to Taiwan Health Promotion Administration (THPA) statistics, there were more than 2 million diabetes mellitus patients in Taiwan and the number continuously grew 25,000 per year. Long-term, improper glycemic control could easily result in complications that affects health and medical payments. Meanwhile, diabetes mellitus was also an important risk factor in coronary heart diseases and stroke [2,3,4,5,6]. According to national health insurance medical statistics [7], the number of visits, with health insurance, for people with diabetes mellitus in Taiwan was about 2.1 million in 2018. This was about 224.2 times the number of deaths in the year, in which people above 65 appeared the highest (30,331 people) on the visit rate (per 100 thousand population—about 3.4 times the total average). On the other hand, the average health insurance medical expense for diabetes mellitus was 11,570 points per person in 2018. Although it was not the disease with the highest medical expenses, it could not be ignored when medical payments for related complications were included. Relevant research also mentioned that life loss and economic loss of diabetes mellitus were not large when compared to malignant tumors and accidental injuries, but the loss exceeded malignant tumors when the complications of metabolic disease syndromes, e.g., stroke, heart diseases, and kidney diseases, were taken into account [8].



Furthermore, diabetes mellitus, the major chronic disease of the aged, could easily result in complications. According to a health promotion statistics report announced by the Taiwan Health Promotion Administration (THPA), diabetes mellitus prevalence of people above 65 in 2015–2018 was 26.5%. In comparison with younger people, the prevalence, above 65, was 2.76 times of those aged 40–64 [9]. Moreover, relevant research also revealed that the standardized mortality of diabetes mellitus showed increasing ages [10]. Such growth is related to the aging society in Taiwan. According to the population estimation of the Republic of China (2018–2065) [11], Taiwan became an aged society (above 14%) in 2018, and is estimated to become a super-aged society (over 20%) in 2026. The aging speed would exceed advanced countries, such as the USA and Japan. In this case, the effect of major diseases related to the aged, on individuals, families, and society, could not be neglected.



Human health conditions are developed as a result of suffering from diseases (and then, eventually, dying). In other words, suffering from a disease is the beginning of health degradation. In today’s aging society, the health conditions of the aged are a concerning focus, in which chronic diseases are the key factors in activity functions and self-rated health [12]. Depression and disability conditions of diabetes mellitus patients are key factors in self-rated health [13]. Cardiovascular diseases presented high correlations with disability [14]. Previous research has also looked at the key factors in stroke and diabetes mellitus of the aged in Taiwan [15,16]. Some research also discussed the effects of chronic disease, physical functions, and lifestyles of the middle-aged, and health changes of aged people [17,18,19,20,21,22,23,24,25]. Chiu et al. [26] discussed the correlation between BMI (Body Mass Index) changes and diabetes mellitus of the aged in Taiwan. Tsai and Lee [27] pointed out the key factors of weight, betel nut chewing, IADL (Instrumental Activity of Daily Living), exercise, hypertension, heart disease, kidney disease, drinking, and depression conditions in diabetes mellitus of the aged. Liang et al. [28] investigated the disparity in the healthy life expectancy of the elderly with hypertension and diabetes mellitus.



“Event history analysis” has become a trend in the fields of population, public health, epidemiology, and social science in past years, while survival analysis is popular in biomedicine, and it is called reliability analysis in the industry. In terms of survival analysis, death is the observed event, while the history of the disease occurrence of the research objects is studied in disease development. In addition to survival and disease development process, “event” could be any issue worthy of concern, e.g., marriage and birth. When longitudinal data were used for the so-called event history analysis, it was merely right censoring research. In fact, the significance of left censoring and interval censoring of survey data is usually unnoticed. For instance, when a senior high school student is asked about the time distribution for the beginning of smoking, he/she might answer, “I smoke, but I forgot the first time I smoked.” The event of smoking occurred before the survey, while the actual time was unknown; it was the situation of left censoring. The other senior high school student might answer, “I never smoke”. The interviewed age would be the right censoring time. Interval censoring referred to the time of an event appearing in a certain interval, and the actual time could not be observed. For instance, a patient with a malignant tumor had physical checks at a constant time and discovered cancer cell metastasis. The time for metastasis appeared in the interval between two time checks. A machine in a factory was regularly examined. At a specific time point, the machine was out of order. The breakdown time (failure time) appeared in an interval. Moreover, chronic diseases, e.g., diabetes mellitus, appeared in between two time checks that the occurrence of the disease appeared in the interval.



In sum, longitudinal data, right censoring of the aged in Taiwan used to be studied. However, this study, focusing on the aged suffering from diabetes mellitus, intended to consider the complete interval-censoring model. According to the 22-year “Taiwan Longitudinal Study on Aging” (TLSA) data, provided by THPA, seven surveys were preceded in 1989–2011. Three generations of the cohort B (aged above 60 in 1989), cohort A (aged 50–66 in 1996), and cohort C (aged 50–56 in 2003) were selected as the data source. Section 2 presents the data collection and interval-censored cox model. In Section 3, the proposed method is applied to analyze (i) the difference of diabetes mellitus morbidity risk among the aged in different cohorts, and was compared; and (ii) the factors in the aged in different cohorts suffering from diabetes mellitus. Lastly, conclusions and limitations are shown in Section 4.




2. Materials and Methods


2.1. Data


“Taiwan Longitudinal Study on Aging” (TLSA) conducted by the Taiwan Health Promotion Administration (THPA) was utilized as the data source. The data were technically cooperated by the former Department of Health Family Project Institute and University of Michigan Population Research Center and Institute of Elders, and referred to the questionnaire design of relevant research in the USA and Japan. The first survey was preceded in April–June 1989, aiming to establish the basic database of health norms and living behaviors of the aged in Taiwan. In addition to demographic variables, variables related to the aged, including health conditions, family and life conditions, economic conditions, leisure and entertainment model, and social participation, were covered for the reference to make relevant health and welfare policies. The survey first took household registration population, aged above 60 in 1988, in 331 townships (not including mountain villages) in Taiwan as the sampling population (aged population), and 4412 samples were abstracted with stratified multi-level random sampling. Moreover, 4049 samples completed the interview in 1989, with the visit rate of 91.8%. After the completion of the baseline survey, the follow-up interview was continued every 3–4 years (in 1993, 1996, 1999, 2003, 2007, and 2011).



Furthermore, the interview was preceded in 1996 and 2003 to establish the database of the middle-aged and aged people, aged above 50 in Taiwan as the basis for the follow-up long-term research data. With a supplementary sample multiple cohort study design, the survived generation samples were continuously tracked, and the generation samples, aged 50–66, and the new generation samples, aged 50–56, were sampled for the survey. It aimed to analyze the health conditions and life needs of middle-aged and aged people aged above 50 in Taiwan for cross-sectional representativeness and longitudinal comparison.



The judgment of diabetes mellitus morbidity in this study was based on the case’s self-description and confirmed by the physician. The measurement of incidence time referred to the actual age of the case at the time.




2.2. Statistical Analysis


Regarding the morbidity of diabetes mellitus in TLSA, it was left censoring when the case suffered from diabetes mellitus in the baseline survey. When the case did not suffer from diabetes mellitus in the previous survey, but did in the next survey, it was interval censoring. The case not suffering from diabetes mellitus, until the end of the survey, was right censoring.



With the censoring characteristics of longitudinal data, TLSA was utilized as the data source for investigating the factors in diabetes mellitus of the aged in Taiwan and the generation difference. According to data from the seven surveys in 1989–2011, the interval-censored Cox model was used for analyzing the association between diabetes mellitus and its morbidity risk of the aged in Taiwan. The morbidity risks include demographic variables and physical and mental conditions, family environment, social participation, health behaviors, and chronic disease suffering situations. Regarding the discussion on different generations, cohort B—aged above 60 in 1989 (4049 completed samples) through 22 years, cohort A—aged 50–66 in 1996 (2462 completed samples) through 15 years, and cohort C—aged 50–56 in 2003 (1599 completed samples), through 8 years, were regarded as three different generations—aged, middle-aged, and young—from the viewpoint of the population life course. The above three cohorts were aged 82+ (cohort B, aged above 60 in 1989, aging to above 82), aged 65–81 (cohort A, aged 50–66 in 1996 and aging to 65–81), and aged 58–64 (cohort C, aged 50–56 in 2003, aging to 58–64) in 2011. The seven surveys showed the richest data of cohort B, followed by cohort A (5 surveys), and cohort C merely presented 3 surveys. Such data were regarded as random samples of surveys at a different time interval. After the analysis with the interval-censored Cox model, the probability of the middle-aged and over suffering from diabetes mellitus was constructed. The information constructed from the survey data in 1989–2011 is shown in Figure 1.



The probability of people aged 50–60 in cohort B in 2011 was constructed by the information from cohort A and cohort C; the information of those aged above 82 in cohort A was provided by cohort B, while the information of people aged above 65 in cohort C relied on the information of cohorts B and A. A probability of less than 0.05 is considered significant. All analyses were carried out using SAS version 9.4 (SAS Institute, Cary, NC, USA). The interval-censored Cox models were fitted using a SAS procedure, PROC ICPHREG.





3. Results


The characteristics and conditions of different cohorts at the baseline survey (1989 for cohort B, 1996 for cohort A, and 2003 for cohort C) were shown in Table 1 and Table 2. The characteristics of the samples at the baseline survey were explained as follows.



Males were more than females in all three cohorts (cohort B: 57.08%, cohort A: 51.50%, cohort C: 50.84%). Regarding the distribution of ethnic groups, Fukien appeared the most, Mainlanders was about one-quarter in cohort B, Hakka showed 15–17%, and aboriginals were merely 1.6–2.3%. In regards to education, most presented the education under elementary schools, and the proportion of illiteracy and elementary schools in cohorts B, A, and C were 41.58% vs. 39.57%, 25.38% vs. 50.24%, and 2.94% vs. 48.59%, respectively. About 16–35% samples did not have spouses; about 38% to half of the aged lived in urban areas; 80% of the aged in cohort B and cohort A showed adequate or more monthly expenses as the economic conditions (cohort B: 82.32%, cohort A: 80.84%, cohort C: 68.54%); and, about 40% of the aged participated in social activities.



Concerning the distribution of common complications related to chronic diseases and diabetes mellitus, the aged suffering from hypertension, heart diseases, and cataracts appeared 26.57%, 21.71%, and 14.44%, respectively, which was higher than those suffering from stroke and kidney diseases, 4.34% and 6.29%, respectively. Regarding the distribution of common complications related to chronic diseases and diabetes mellitus in cohort A, it was apparent on hypertension, 21.27%, while heart diseases, cataracts, stroke, and kidney diseases appeared below 10%. For cohort C, it was more obvious on hypertension, 19.21%, and heart diseases, cataract, stroke, and kidney diseases appeared below 10%.



Most of the aged presented good ADL at the baseline survey, more than 90%. More than 80% of the aged revealed favorable physical conditions (cohort B: 81.73%, cohort A: 94.19%, cohort C: 95.81%) and about 10–20% appeared to have depression conditions. In terms of self-rated health, the proportions of the aged who regarded themselves as being healthy in cohorts B, A, and C were 37.99%, 42.08%, and 56.41%, respectively.



The proportion of smoking in cohorts B, A, and C were 34.56%, 28.84%, and 26.95%, respectively. For drinking, the proportions were 21.19% (cohort B), 25.02% (cohort A), and 41.15% (cohort C), respectively. About 10% or less of the aged participated in betel nut chewing (cohort B: 5.42%, cohort A: 9.55%, cohort C: 9.69%). More than 90% of the aged engaged in outdoor activities in the previous half year.



Table 3 showed the results of the interval-censored Cox model. In addition to the analysis in various cohorts, the data of such cohorts were also integrated for analyses. Overall, the aged suffering from hypertension and kidney diseases showed higher risks of suffering from diabetes mellitus, about 2.53 times and 1.26 times, respectively. Furthermore, it was also discovered in the results that ADL and self-rated health were risk factors in the aged suffering from diabetes mellitus, where ones with fair and poor self-rated health presented the risk in suffering from diabetes mellitus 1.16 times and 1.50 times compared to those with good self-rated health, respectively. It was worth mentioning that ones with worse ADL appeared to have lower risks in suffering from diabetes mellitus, possibly because they required better care. On the other hand, it was also discovered that ones with good ADL did not necessarily show good health conditions. It, therefore, appeared a different direction from self-rated health.



Figure 2 showed the cumulative incidences of diabetes mellitus under the control of other variables (i.e., cumulative incidence function, CIF). The adjusted curve of variables was calculated by fixing the mean of other variables. Moreover, samples in cohorts B, A, and C experienced different length of survey times and were the cohort samples at different ages. Cohort B: aged above 60 in 1989, aging to above 82 in 2011; cohort A: aged 50–66 in 1996, aging to 65–81 in 2011; cohort C: aged 50–56 in 2003, aging to 58–64 in 2011). The age interval of such samples in various cohorts (cohort B: aged above 60; cohort A: aged 50–81; cohort C: aged 50–64) were further explained as below, where the overlapping age interval of three cohorts was the age group 60–64. After controlling the mean of various factors, the cumulative incidences of diabetes mellitus of samples in cohorts B, A, and C at the age of 60 appeared 0.07, 0.08, and 0.13, respectively, and 0.11, 0.13, and 0.21, respectively, at the age of 64, while it, respectively, showed 0.34 and 0.40 for cohorts B and A at the age of 81. The above results revealed that, under the same age, the cumulative incidence of a younger cohort suffering from diabetes mellitus was higher than the elder cohort.



Similarly, Figure 3 shows the overall trend of the cumulative incidence curves of diabetes mellitus of self-rated health, after controlling the mean of various factors. Ones with good, fair, and poor self-rated health revealed the cumulative incidences 0.14, 0.16, and 0.20, respectively, at the age of 65, and 0.44, 0.49, and 0.58, respectively, at the age of 85.



On the other hand, it was also estimated the probability of the aged in different cohorts suffering from diabetes mellitus at specific ages, Table 4. Overall, the probability of diabetes mellitus morbidity grew from 0.28% at the age of 50 to 1.48% at the age of 85, where the probability exceeded 1% at the age of 60, and then declined after the age of 76. In terms of cohort difference, cohort C was higher than cohort A at the age of 50–59, and the probability of cohort C exceeded 1% at the age of 56. In the overlapping age group, 60–64, of three cohorts, cohort B with the same age appeared to have the lowest probability of diabetes mellitus morbidity, followed by cohort A, and the younger generation of cohort C was the highest. At the age of 65–81, cohort A was higher than cohort B, without large differences. Besides, the probability of diabetes mellitus, morbidity of cohort B declined from the age of 77, while cohort A showed the age of 74.




4. Discussion


The cooperative research of National Taiwan University College of Public Health and Taiwan Health Promotion Administration made public the ranking of health hazard factors in Taiwan last year. The research integrated health databases in Taiwan, including nationally representative health surveys, cause-specific mortality from the National Death Registry, and relative risks from epidemiological studies and meta-analyses, to evaluate three major hazard factors of environment, behavior, and physiological metabolism. The results revealed that hyperglycemia was the most important hazard factor in death burden [29]. Moreover, according to the statistics of the National Health Insurance Administration, about 1.9 million diabetes mellitus patients saw doctors in 2015 with health insurance expenses of about 23.76 billion dollars, which was ranked the top three expenditures of health insurance. For this reason, the control of diabetes mellitus could reduce a huge amount of medical expenses; meanwhile, reducing the increasing speed of diabetes mellitus patients could reduce relevant health insurance expenses and resources. Apparently, it would be the prior issue to prevent and cure such a hazard factor.



Diabetes mellitus is a primary death disease, while long-term improper glycemic control could result in many complications. Among the ten leading causes of death, about half of the causes are related to diabetes mellitus complications. Diabetes mellitus patients would not show specific symptoms in an early invasion, but merely some uncomfortable feelings, which are not easily observed without checks. Diabetes mellitus is now a common disease and the morbidity situation is increasing with enhancing living standards, especially in middle-aged people aged 40–50.



It is not dreadful suffering from diabetes mellitus. However, diabetes mellitus patients need long-term glycemic control, and the factors of family and economy often result in bad glycemic control. In this case, complications derived from bad glycemic control, such as kidney dialysis, stroke, amputation, cataract, and heart diseases, are dreadful for diabetes mellitus patients and the family. What is more, diabetic retinopathy is the major cause of blindness of adults domestically. Under the increasing demands for long-term care, long-term care derived from diabetes mellitus would be a heavy burden for the government, the patient, and the family.




5. Conclusions


The results in this study also revealed that the aged in the younger cohort appeared to have a higher probability of diabetes mellitus morbidity at the same age as the older cohort. Besides, the probability of diabetes mellitus morbidity, in the age group of 60–64, also revealed a higher probability in the younger cohort, where the probability of cohort C at the age of 64 exceeded 2%. Although metabolic disease syndromes of stroke, heart diseases, and kidney diseases are with no significant risks of suffering from diabetes mellitus, these symptoms should not be ignored. Patients would realize it after suffering from acute cardiovascular diseases or other complications. It, therefore, is a major disease that should not be neglected. The research results also revealed higher risks of diabetes mellitus for the aged suffering from hypertension or kidney diseases; hypertension was especially obvious. In addition to objectively reflecting the health situations, self-rated health could also be the risk reference for suffering from diabetes mellitus.



On the other hand, measurements of height and weight in TLSA were proceeded with self-reports that being overweight and obesity might be deviated. For this reason, they were not included in the BMI anthropometric measurement. It was regarded as a limitation of this study.



In consideration of the urgency of diabetes mellitus control, as well as the effect of high-speed aging in Taiwan, the prevention of diseases, in addition to the continuous promotion of preventive health service, is the most economical way to have the aged be independent in daily life, rather than the treatment after the invasion. Different from the past research, censoring mechanisms were covered in the research model and the interval-censored Cox model was utilized for analyzing relevant factors in diabetes mellitus of the aged in Taiwan. Moreover, cohort-tracking data were discussed—that the analysis results could be the reference for relevant units coping with the situation, and accurately grasp the characteristics of factors in the aged suffering from diabetes mellitus to further make relevant prevention strategies and promotion. The relevant analyses could be promoted to the application to other diseases.
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Figure 1. Surveyed samples of the middle-aged and over in Taiwan. 
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Figure 2. The cumulative incidence of diabetes mellitus by different cohorts. 
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Figure 3. The cumulative incidences of diabetes mellitus by self-rated health. 
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Table 1. Characteristics and status of different cohorts at the baseline survey.
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Characteristics and Status

	
Cohort B (n = 4049)

	
Cohort A (n = 2462)

	
Cohort C (n = 1599)




	
n

	
%

	
n

	
%

	
n

	
%






	
Gender

	
Female

	
1738

	
42.92

	
1194

	
48.50

	
786

	
49.16




	
Male

	
2311

	
57.08

	
1268

	
51.50

	
813

	
50.84




	
Ethnicity

	
Fukien

	
2451

	
60.92

	
1808

	
73.47

	
1200

	
75.04




	
Hakka

	
603

	
14.99

	
425

	
17.27

	
278

	
17.39




	
Mainlander

	
900

	
22.37

	
189

	
7.68

	
85

	
5.32




	
Aboriginal

	
69

	
1.72

	
39

	
1.58

	
36

	
2.25




	
Education

	
Illiteracy

	
1676

	
41.58

	
625

	
25.38

	
47

	
2.94




	
Elementary school

	
1595

	
39.57

	
1237

	
50.24

	
777

	
48.59




	
Junior high school

	
327

	
8.11

	
251

	
10.19

	
231

	
14.45




	
Senior high school

	
433

	
10.74

	
349

	
14.18

	
544

	
34.02




	
Spouse

	
Yes

	
2618

	
64.69

	
2061

	
83.71

	
1327

	
82.99




	
No

	
1429

	
35.31

	
401

	
16.29

	
272

	
17.01




	
Residential location

	
City

	
1917

	
47.35

	
935

	
38.33

	
777

	
48.81




	
Town

	
726

	
17.93

	
575

	
23.58

	
367

	
23.05




	
Countryside

	
1406

	
34.72

	
929

	
38.09

	
448

	
28.14




	
Economic status

	
Good

	
1683

	
43.20

	
822

	
35.16

	
577

	
36.76




	
Fair

	
1524

	
39.12

	
1068

	
45.68

	
499

	
31.78




	
Poor

	
689

	
17.68

	
448

	
19.16

	
494

	
31.46




	
Social activity

	
Yes

	
1564

	
38.63

	
978

	
39.79

	
649

	
40.59




	
No

	
2485

	
61.37

	
1480

	
60.21

	
950

	
59.41
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Table 2. Characteristics and status of different cohorts at the baseline survey (continued).
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Characteristics and Status

	
Cohort B (n = 4049)

	
Cohort A (n = 2462)

	
Cohort C (n = 1599)




	
n

	
%

	
n

	
%

	
n

	
%






	
Hypertension

	
No

	
2960

	
73.43

	
1906

	
78.73

	
1283

	
80.79




	
Yes

	
1071

	
26.57

	
515

	
21.27

	
305

	
19.21




	
Heart disease

	
No

	
3159

	
78.29

	
2197

	
90.90

	
1494

	
93.84




	
Yes

	
876

	
21.71

	
220

	
9.10

	
98

	
6.16




	
Cataract

	
No

	
3460

	
85.56

	
2247

	
91.34

	
1554

	
97.43




	
Yes

	
584

	
14.44

	
213

	
8.66

	
41

	
2.57




	
Stroke

	
No

	
3856

	
95.66

	
2392

	
97.35

	
1570

	
98.25




	
Yes

	
175

	
4.34

	
65

	
2.65

	
28

	
1.75




	
Kidney disease

	
No

	
3786

	
93.71

	
1313

	
94.22

	
1485

	
93.28




	
Yes

	
254

	
6.29

	
142

	
5.78

	
107

	
6.72




	
ADL a

	
Good

	
3801

	
94.04

	
2425

	
98.50

	
1590

	
99.44




	
Fair

	
93

	
2.30

	
20

	
0.81

	
3

	
0.19




	
Poor

	
148

	
3.66

	
17

	
0.69

	
6

	
0.38




	
Physical function b

	
Good

	
3307

	
81.73

	
2319

	
94.19

	
1532

	
95.81




	
Fair

	
510

	
12.61

	
102

	
4.14

	
48

	
3.00




	
Poor

	
229

	
5.66

	
41

	
1.67

	
19

	
1.19




	
Depression c

	
No

	
3036

	
77.91

	
1943

	
82.86

	
1397

	
88.98




	
Yes

	
861

	
22.09

	
402

	
17.14

	
173

	
11.02




	
Self-rated health

	
Good

	
1526

	
37.99

	
988

	
42.08

	
902

	
56.41




	
Fair

	
1491

	
37.12

	
783

	
33.35

	
443

	
27.70




	
Poor

	
1000

	
24.89

	
577

	
24.57

	
254

	
15.88




	
Smoking

	
No

	
2649

	
65.44

	
1752

	
71.16

	
1168

	
73.05




	
Yes

	
1399

	
34.56

	
710

	
28.84

	
431

	
26.95




	
Alcohol

	
No

	
3191

	
78.81

	
1846

	
74.98

	
941

	
58.85




	
Yes

	
858

	
21.19

	
616

	
25.02

	
658

	
41.15




	
Betel nut chewing

	
No

	
3825

	
94.58

	
2227

	
90.45

	
1444

	
90.31




	
Yes

	
219

	
5.42

	
235

	
9.55

	
155

	
9.69




	
Outdoor activity

	
Yes

	
3906

	
96.47

	
2442

	
99.19

	
1593

	
99.62




	
No

	
143

	
3.53

	
20

	
0.81

	
6

	
0.38








Notes: a ADLs (Activities of Daily Living) referred to the difficulty of a case in taking a bath, putting on/taking off clothes, eating, standing up from the bed or sitting on a chair, walking indoors, and going to the toilet. The lower difficulty revealed the better ADL; b Physical functions referred to a case being able to walk to the second or third floor, walk 200–300 m, do heavy work around the house, lift something weighting 20 Taiwanese kilograms, crouch, raise hands above the head, and take or turn something with fingers. The higher value revealed better physical functions. c Depression was divided according to depression scale (CES-D), including bad appetite, bad mood, not doing well, not sleeping well, feeling happy, feeling lonely, regarding people being unfriendly, feelings of enjoying life, feeling sad, and low spirit. They were scored in 0–30, and the higher score, above, or equal to 10, was classified into depression conditions; otherwise, they were classified as not being depressed.
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Table 3. Hazard ratio (HR) between variables and diabetes mellitus using the interval-censored Cox model.
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Variables

	
Overall

	
Cohort B

	
Cohort A

	
Cohort C




	
HR

	
95% CI

	
HR

	
95% CI

	
HR

	
95% CI

	
HR

	
95% CI






	
Hypertension

	
No

	
1

	

	
1

	

	
1

	

	
1

	




	
Yes

	
2.53 ***

	
2.35–2.73

	
3.56 ***

	
3.18–3.98

	
1.79 ***

	
1.49–2.14

	
2.45 ***

	
1.86–3.23




	
Heart disease

	
No

	
1

	

	
1

	

	
1

	

	
1

	




	
Yes

	
1.10

	
0.99–1.21

	
1.06

	
0.94–1.21

	
1.20

	
0.94–1.54

	
0.98

	
0.62–1.54




	
Cataract

	
No

	
1

	

	
1

	

	
1

	

	
1

	




	
Yes

	
1.04

	
0.93–1.16

	
1.04

	
0.90–1.20

	
1.15

	
0.89–1.47

	
1.52

	
0.82–2.81




	
Stroke

	
No

	
1

	

	
1

	

	
1

	

	
1

	




	
Yes

	
1.18

	
0.97–1.44

	
1.07

	
0.80–1.43

	
1.26

	
0.78–2.03

	
1.12

	
0.52–2.41




	
Kidney disease

	
No

	
1

	

	
1

	

	
1

	

	
1

	




	
Yes

	
1.26 ***

	
1.11–1.44

	
1.50 ***

	
1.24–1.81

	
1.07

	
0.78–1.48

	
0.88

	
0.54–1.43




	
ADL

	
Good

	
1

	

	
1

	

	
1

	

	
1

	




	
Fair

	
0.68 *

	
0.48–0.98

	
0.65

	
0.42–1.02

	
0.54

	
0.17–1.76

	
1.40

	
0.24–8.23




	
Poor

	
0.53 **

	
0.34–0.83

	
0.63

	
0.38–1.05

	
0.56

	
0.10–3.21

	
1.38

	
0.14–13.35




	
Physical function

	
Good

	
1

	

	
1

	

	
1

	

	
1

	




	
Fair

	
1.02

	
0.89–1.16

	
0.86

	
0.73–1.02

	
1.37

	
0.98–1.91

	
1.10

	
0.57–2.15




	
Poor

	
1.14

	
0.87–1.48

	
0.78

	
0.55–1.11

	
2.07

	
0.78–5.51

	
2.46

	
0.91–6.64




	
Depression

	
No

	
1

	

	
1

	

	
1

	

	
1

	




	
Yes

	
1.03

	
0.93–1.14

	
0.97

	
0.84–1.12

	
0.94

	
0.75–1.19

	
1.27

	
0.86–1.87




	
Self-rated health

	
Good

	
1

	

	
1

	

	
1

	

	
1

	




	
Fair

	
1.16 ***

	
1.07–1.27

	
1.20 **

	
1.06–1.37

	
1.04

	
0.85–1.27

	
1.59 **

	
1.18–2.16




	
Poor

	
1.50 ***

	
1.35–1.67

	
1.51 ***

	
1.27–1.79

	
1.42 **

	
1.13–1.79

	
1.88 **

	
1.26–2.81








Notes: * p < 0.05; ** p < 0.01; *** p < 0.001. Control of gender, ethnic group, education, smoking, betel nut chewing, outdoor activity, spouse, residential type, economic conditions, and social activity were included in the model.
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Table 4. Probability of diabetes mellitus morbidity at the age of 50–85.
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	Age
	Overall
	Cohort B
	Cohort A
	Cohort C





	50
	0.0028
	
	0.0029
	0.0047



	51
	0.0033
	
	0.0034
	0.0056



	52
	0.0039
	
	0.0040
	0.0066



	53
	0.0046
	
	0.0046
	0.0076



	54
	0.0052
	
	0.0053
	0.0087



	55
	0.0060
	
	0.0060
	0.0099



	56
	0.0068
	
	0.0068
	0.0112



	57
	0.0076
	
	0.0077
	0.0124



	58
	0.0084
	
	0.0085
	0.0137



	59
	0.0093
	
	0.0094
	0.0150



	60
	0.0101
	0.0084
	0.0102
	0.0163



	61
	0.0110
	0.0092
	0.0111
	0.0175



	62
	0.0118
	0.0099
	0.0119
	0.0186



	63
	0.0126
	0.0105
	0.0127
	0.0197



	64
	0.0133
	0.0112
	0.0134
	0.0206



	65
	0.0139
	0.0117
	0.0141
	



	66
	0.0145
	0.0123
	0.0146
	



	67
	0.0150
	0.0127
	0.0151
	



	68
	0.0154
	0.0131
	0.0155
	



	69
	0.0157
	0.0134
	0.0158
	



	70
	0.0159
	0.0136
	0.0160
	



	71
	0.0161
	0.0138
	0.0162
	



	72
	0.0162
	0.0140
	0.0163
	



	73
	0.0162
	0.0141
	0.0164
	



	74
	0.0163
	0.0141
	0.0164
	



	75
	0.0162
	0.0142
	0.0163
	



	76
	0.0162
	0.0142
	0.0163
	



	77
	0.0161
	0.0142
	0.0162
	



	78
	0.0160
	0.0141
	0.0161
	



	79
	0.0158
	0.0141
	0.0159
	



	80
	0.0157
	0.0140
	0.0158
	



	81
	0.0155
	0.0139
	0.0156
	



	82
	0.0153
	0.0138
	
	



	83
	0.0152
	0.0137
	
	



	84
	0.0150
	0.0136
	
	



	85
	0.0148
	0.0135
	
	











© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).
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