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Abstract 

Purpose   This cohort study investigated the association between sugar-sweetened beverage (SSB) and diet soda 

consumption and the incidence of type 2 diabetes in Japanese men. 

Methods   The participants were 2,037 employees of a factory in Japan. We measured consumption of SSB and diet 

soda using a self-administered diet history questionnaire. The incidence of diabetes was determined in annual 

medical examinations over a 7-year period. Hazard ratios (HRs) with 95% confidence intervals (CIs) for diabetes 

were estimated after adjusting for age, BMI, family history, and dietary and other lifestyle factors. 

Results   During the study, 170 participants developed diabetes. The crude incidence rates (/1000 person-years) 

across participants who were rare/never SSB consumers, <1 serving/week, ≥1 serving/week and <1 serving/day, and 

≥1 serving/day were 15.5, 12.7, 14.9, and 17.4, respectively. The multivariate adjusted HR compared to rare/never 

SSB consumers was 1.35 (95% CI, 0.80-2.27) for participants who consumed ≥1 serving/day SSB. Diet soda 

consumption was significantly associated with the incident risk of diabetes (P for trend = 0.013), and 

multivariate-adjusted HRs compared to rare/never diet soda consumers were 1.05 (0.62-1.78) and 1.70 (1.13-2.55), 

respectively, for participants who consumed <1 serving/week and ≥1 serving/week. 

Conclusions   Consumption of diet soda was significantly associated with an increased risk for diabetes in Japanese 

men. Diet soda is not always effective at preventing type 2 diabetes even though it is a zero-calorie drink. 
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Introduction 

The increasing number of patients with diabetes in Asian countries is an important public health problem [1]. One 

well-documented change that may contribute to the risk of diabetes in Asia and elsewhere is soft drink consumption 

[2-4]. In fact, trends of increased soft drink consumption have been observed not only in Western but also in Asian 

countries [5]. 

 

In many previous studies and meta-analyses [6-12], consumption of soft drinks and sugar-sweetened beverages 

(SSB) has been associated with the incidence of type 2 diabetes. These studies suggested that the effects of soft 

drinks on type 2 diabetes are partly mediated by body mass index (BMI) [6, 10, 12-14]. However, these studies were 

performed mainly in Western countries [6-9, 11-15], and it is unclear whether similar associations between soft drink 

consumption and the risk of diabetes would be observed in relatively lean Asian people. 

Only two previous studies have evaluated the association between diet soda intake and the incidence of type 2 

diabetes [11, 15]. While one previous study indicated a significant association even after adjustment for BMI and 

other lifestyle-related factors [15], the other did not [11], and it remains unclear whether diet soda consumption is 

associated with the incident risk of diabetes mellitus. 

 

In this cohort study, we examined the associations of SSB and diet soda consumption with the 7-year incidence of 

type 2 diabetes mellitus in relatively lean middle-aged Japanese men. 

 

 

Participants and Methods 

Participants 

The study participants were employees of a factory that produces zippers and aluminum sashes in Toyama Prefecture, 

Japan. Detailed information on the study population has been reported previously [16-19]. The Industrial Safety and 

Health Law in Japan requires that employers provide annual health examinations for all employees. A test for 

diabetes mellitus was conducted during annual medical examinations between 2003 and 2010. In 2003, 2,275 (89%) 

of 2,543 male employees aged 35–55 years received health examinations and responded to the diet survey. Of these 

2,275 potential participants, 238 (10%) were excluded for the following reasons: 165 had diabetes or high levels of 

fasting plasma glucose (≥126 mg/dL) or glycated hemoglobin (HbA1c) (≥6.5%) at the time of the baseline 

examination; 13 had a total daily energy intake of below 500 kcal or above 5,000 kcal; soft drink consumption data 

were unavailable for 13; and 47 did not participate in consecutive annual follow-up health examinations. The 

remaining 2,037 participants were included in the present study. 
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Baseline Examination 

The annual health examination included medical history, physical examination, anthropometric measurements, and 

measurement of fasting plasma glucose, HbA1c, and serum lipid levels. Height was measured without shoes to the 

nearest 0.1 cm using a stadiometer. Weight was measured with participants wearing only light clothing and no shoes 

to the nearest 0.1 kg using a standard scale. BMI was calculated as weight/height2 (kg/m2). Blood pressure was 

measured using an automatic manometer (BP 103i; Nippon Colin, Komaki, Japan) after the subject had rested for 5 

min in a seated position. All measurements were taken by trained staff. 

 

Plasma glucose levels were measured enzymatically by glucose UV test (Abbott Laboratories, Chicago, IL), and 

plasma insulin levels were determined by radioimmunoassay (Shionogi Co., Tokyo, Japan). HbA1c was measured by 

high-velocity liquid chromatography using a fully automated hemoglobin A1c analyzer (Kyoto Daiichi Kagaku, 

Kyoto, Japan). Quality control of the HbA1c measurements was performed using the standard certified by the Japan 

Diabetes Society (JDS), and HbA1c values were converted to National Glycohemoglobin Standardization Program 

(NGSP) values using the formula provided by the JDS: HbA1c (NGSP) = HbA1c (JDS) + 0.4 [20]. All of the 

analyses reported here adopted the HbA1c values obtained by the NGSP method. Total cholesterol and triglycerides 

were measured by enzymatic assay. HDL-cholesterol was measured using direct methods. Insulin resistance (IR) was 

calculated by the homeostasis model assessment (HOMA) method using the formula: HOMA-IR=fasting insulin 

(μU/mL) × fasting plasma glucose (mg/dL)/405 [21]. 

 

A questionnaire was used to collect information about smoking, alcohol consumption, habitual exercise, family 

history of diabetes, medical history of hypertension, dyslipidemia, diabetes, and the use of antidiabetic medication. 

Soft drink consumption, total energy intake (kcal/day), and dietary fiber intake (g/day) were assessed using a 

self-administered diet history questionnaire (DHQ) [22]. The DHQ was developed for epidemiological studies in 

Japan to estimate the dietary intakes of macronutrients and micronutrients during the previous month. A detailed 

description of the methods used to calculate dietary intakes and the validity of the DHQ have been reported 

previously [22–25]. In the DHQ, the consumption of beverages, such as “non-calorie carbonated soft drinks” 

(hereafter referred to as “diet soda”), “regular soft drinks, sugar-sweetened soda, and sports drinks, excluding 100% 

fruit juice and vegetable juice” (hereafter referred to as “SSB”), “100% fruit juice,” “vegetable juice,” and “coffee,” 

were evaluated. Frequency response options for these items were as follows: rare/never, 1/week, 2-3/week, 4-6/week, 

1/day, 2-3/day, 4-5/day, or 6+/day. Participants reported serving sizes in five categories: <50%, 70-80%, 100%, 

120-130%, and >150% of one glass (250 mL) for soft drinks and one cup (150 mL) for coffee. To allow comparison 
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with previous studies, estimated soft drink consumption was converted from mL into servings with one serving 

assigned a value of 237 mL or 8 oz. Consumption of SSB and diet soda was categorized as rare/never, more often 

than rare/never but <1 serving/week, ≥1 serving/week but <1 serving/day, and ≥1 serving/day. As the number of 

participants who consumed ≥1 serving of diet soda per day was small (n = 20), we also used the following three 

categories of diet soda consumption: rare/never, more often than rare/never but <1 serving/week, and ≥1 

serving/week. In a previous validation study among 47 women, the Pearson correlation coefficient between DHQ 

and 3-day estimated dietary records was 0.48 for energy [22]. The Pearson correlation coefficients between DHQ and 

16-day weighed dietary record among 92 women were 0.28 for energy and 0.69 for dietary fiber, and the Spearman 

correlation coefficient was 0.55 for soft drinks (Sasaki S, unpublished observations, 2007). 

 

Diagnosis of diabetes 

Fasting plasma glucose and HbA1c were measured during the annual medical examinations. According to the 

definition of the American Diabetes Association [26] and the JDS [20], the diagnosis of diabetes was confirmed by at 

least one of the following observations: 1) a fasting plasma glucose concentration ≥126 mg/dL; 2) HbA1c value 

≥6.5%; and 3) treatment with insulin or oral hypoglycemic agent. 

 

Statistical analysis 

Mean baseline values of BMI, blood pressure, plasma glucose, and serum lipids were determined for each category 

of soft drink consumption. Statistical analyses were performed on triglycerides, fasting insulin, and HOMA-IR 

values transformed on a log scale. We calculated crude incidence rates and hazard ratios (HRs) for diabetes 

according to the categories of SSB and diet soda consumption. The Cox proportional hazard model was used to 

calculate HRs. Adjustment for possible confounders was performed sequentially as follows: for age (Model 1), for 

age and BMI (Model 2); adjustment also for family history of diabetes (no, yes), smoking status (never smoker, 

ex-smoker or current smoker), alcohol consumption (nondrinker, occasional drinker, consumption <20 g/day, 

consumption ≥20 g/day), habitual exercise (no, yes), presence of hypertension (no, yes), presence of dyslipidemia 

(no, yes), dietary intervention for chronic disease (no, yes), total energy intake (kcal/day), and dietary fiber intake 

(g/day) (Model 3); and adjustment also for consumption of SSB (diet soda), diet soda (SSB), fruit juice, vegetable 

juice, and coffee (Model 4). Statistical analyses were conducted using the Japanese version of the Statistical Package 

for the Social Sciences (SPSS version 17.0; Tokyo, Japan). In all analyses, P <0.05 was considered statistically 

significant. 

 

Ethical considerations 
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Written informed consent was not obtained from the participants. The design of the present study was approved by 

the occupational safety and health committee of the subject company, which consisted of employee representatives. 

Employees were informed of the study design and of the right to refuse to participate in the study by the documents. 

Participants who answered the questionnaire were regarded as having consented to the survey. Linkable anonymized 

data were provided by the company to ensure that individuals would not be identifiable by the researchers. The 

present study was approved by the Institutional Review Committee of Kanazawa Medical University for Ethical 

Issues. 

 

 

Results 

The mean age of the participants at baseline was 46.2 years and mean BMI was 23.4 kg/m2. Median (range) SSB 

consumption was 0.2 (0.0 – 9.6) servings/day and median (range) diet soda consumption was 0.0 (0.0-4.7) 

servings/day. Among the soft drinks examined, modest but significant associations were observed between 

consumption of SSB and diet soda (r = 0.284, P <0.001), between SSB and 100% fruit juice (r = 0.295, P <0.001), 

and between diet soda and 100% fruit juice (r = 0.166, P <0.001). Vegetable juice consumption and coffee 

consumption were not associated with consumption of other soft drinks. 

 

At the baseline examination, those who consumed larger amounts of SSB were significantly younger and had higher 

values for BMI, fasting insulin, HOMA-IR, and total energy intake, lower serum HDL-cholesterol levels, and lower 

values for energy-adjusted dietary fiber intake (Table 1). Those who consumed larger amounts of diet soda were 

significantly younger, and had higher values for BMI and total energy intake (Table 2). 

 

During the 7-year follow up (11,253 person-years, mean follow-up time 5.5 ± 1.8 years), we documented 170 cases 

of diabetes, of which 79 were diagnosed based on high fasting plasma glucose levels, 73 were based on high HbA1c 

levels, and 18 were based on both high fasting plasma glucose and high HbA1c levels. 

 

The crude incidence rates (per 1,000 person-years) across the SSB consumption categories from lowest to highest 

were 15.5, 12.7, 14.9, and 17.4, respectively (Table 3). Multivariate-adjusted HRs (95%CI) across SSB consumption 

from lowest to highest were 1.00 (reference), 0.90 (0.80-2.27), 1.06 (0.74-1.53), and 1.35 (0.80-2.27), respectively, 

and no significant association between SSB consumption and the incidence of diabetes was observed. 

 

The crude incidence rates across the diet soda consumption categories from lowest to highest were 13.8, 15.0, 25.4, 
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and 17.2, respectively (Table 3). The age-adjusted HR for participants who consumed at least one serving of diet 

soda per week was significantly higher than that for those who did not consume diet soda. Similar associations were 

found after adjustment for BMI (Model 2), other potential confounders (Model 3), and the consumption of other soft 

drinks (Model 4). The results were similar even when participants who had received a dietary intervention for 

hypertension, hyperlipidemia and other chronic disease from their physicians, nurses, and dietitians were excluded 

from the analyses (n = 1,724, data not shown). 

 

 

Discussion 

We investigated the association between consumption of soft drinks and the incidence of type 2 diabetes in 

middle-aged Japanese men. SSB consumption was not associated with incidence of diabetes. Diet soda consumption 

was significantly associated with the incidence of diabetes, and participants who consumed at least one diet soda 

serving per week had about a 70% greater risk of diabetes compared to those who did not consume diet soda.  

 

Only two previous studies have evaluated the association between diet soda intake and the incidence of type 2 

diabetes [11, 15]. The results from Multi-Ethnic Study of Atherosclerosis (MESA) showed a significant association 

even after adjustment for BMI and other lifestyle-related factors [15], and adjusted HRs for participants who 

consume diet soda ≥1 serving/week to < 1/serving/day and for who consume ≥1 serving/day were 1.23 (95%CI 

0.94-1.60) and 1.40 (1.06-1.84), respectively. In the Health Professionals Follow-Up Study [11], artificially 

sweetened beverages were significantly associated with type 2 diabetes in the age-adjusted analysis. However, 

participants who consumed artificially sweetened beverages were more likely to have reported either weight gain or 

weight loss before the start of the study, to have tried a low-calorie diet, and to have factors associated with a risk of 

diabetes such as family history of diabetes, prevalence of hypertension and use of diuretics, and consumption of 

artificially sweetened beverages was not associated with diabetes after adjustment for these confounders. In our 

study participants, diet soda consumption was associated with not only BMI and total energy intake, but also with 

lifestyle factors associated with the risk of diabetes, such as higher SSB consumption, lower fiber intake. Further, 

consumption tended to be associated with a higher percentage of participants who had received dietary intervention 

for hypertension, hyperlipidemia, and other chronic diseases. However, a significant positive association between 

diet soda consumption and incidence of diabetes was found even after adjustment for these factors. These results 

suggest that diet soda consumption itself may increase the risk of diabetes. 

 

In many previous studies and meta-analyses [6-12], SSB consumption was shown to be associated with the incidence 
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of type 2 diabetes. However, SSB consumption was not associated with the incidence of diabetes in the present study. 

The Atherosclerosis Risk in Communities Study also failed to show a consistent association between SSB intake and 

incident type 2 diabetes [13]. As discussed by the authors, their participants were older (mean age 53.6 years) and 

heavier (mean BMI 27.2 kg/m2) compared to those in other similar studies, which may have affected the results. Our 

study participants were younger and less obese, and median SSB consumption was as low as 0.20 servings (1.6 

oz)/day; only 12% of participants consumed ≥1 serving of SSB per day. Furthermore, the HR of participants who 

consumed one serving or more of SSB was 1.20-1.34; these values were similar to recent meta-analyses that 

compared the risk of type 2 diabetes between extreme quantiles of SSB intake [12]. Estimated sample sizes to detect 

the significant difference using these data of previous studies was about 13,000 parson-years in each category of SSB 

consumption. Therefore, the lower number of participants, particularly of SSB consumers, in our study may have 

affected the results. 

 

SSB are thought to lead to weight gain [6, 8]. Since the effect of SSB on type 2 diabetes is partly mediated by BMI, 

the association between SSB and the incidence of diabetes was diminished or even not significant after adjustment 

for BMI in previous studies [6, 10, 12-14]. In the present study, SSB consumption was significantly associated with 

BMI at the baseline examination. Similar to SSB, an association between diet soda consumption and subsequent 

weight gain is plausible. Artificial sweeteners contained in diet soda may increase desire for sweetness and more 

energy-dense foods [27-29]. Overestimation of the number of calories saved by substituting diet soda for SSB may 

cause overconsumption of other foods/beverages [30]. In our study, diet soda consumption was associated with 

baseline BMI and total energy intake. Furthermore, the association between diet soda intake and weight gain may be 

biased by early awareness of energy imbalance, i.e., diet soda consumption may serve as an early attempt to maintain 

weight. There are many confounding factors on the association between diet soda consumption, body weight gain, 

and the incidence of diabetes, and further study is needed to evaluate the effect of diet soda itself on future body 

weight gain and the incidence of diabetes. 

 

Diet soda and some artificial sweeteners have been reported to affect incretin secretion [31-34], which may affect 

glucose/insulin metabolism. However, artificial sweeteners and diet soda increased GLP-1 secretion in subjects with 

type 1 diabetes and healthy control subjects, but not in subjects with type 2 diabetes [31, 32]. Although diet soda is 

non-caloric and increases incretin secretion, consumption of diet soda to prevent or treat diabetes would be 

ineffective. 

 

The strength of this study was that this is the first study to evaluate the relationship between diet soda intake and the 
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incidence of diabetes in an Asian population. Moreover, several previous cohort studies used information on incident 

diabetes collected from self-administered questionnaires, whereas our conclusions were based on more reliable data 

obtained from annual examinations and fasting blood glucose and HbA1c. There were some limitations to this study. 

First, the lower number of participants may have affected the negative association between SSB consumption and the 

incidence of diabetes in this study. Second, the consumption of soft drinks and other lifestyle factors associated with 

the risk of diabetes were evaluated only at the baseline examination; changes during the 7-year follow-up period 

were not considered. Third, the sample included only males who were employed. Poor health may exclude some 

individuals from working and therefore the prevalence of obesity or incidence of diabetes may have been lower in 

our sample than in the general Japanese population. Fourth, we did not determine whether the diabetes that 

developed was type 1 or type 2. However, the study participants were middle-aged men, and as the condition was 

detected in an annual medical check-up, with relatively mild diabetes being found, it is likely that the cases were of 

type 2 diabetes. 

 

In conclusion, diet soda was associated with a significantly increased risk of diabetes in middle-aged Japanese men. 

Our results indicate that diet soda is not always effective at preventing type 2 diabetes even though it is a zero-calorie 

drink. 
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Table 1. Baseline characteristics of the 2,037 participants according to sugar-sweetened beverage consumption category 

 
Sugar-sweetened beverage consumption 

 
Rare or never 

> rare/never  

but <1 serving/week 

≥ 1 serving/week  

to <1 serving/day 
≥ 1 serving/day pb 

N 660  
  

271  
  

865  
  

241  
   

Age (years) 47.0  ± 6.1  46.2  ± 6.3  45.9  ± 5.8  45.2  ± 6.1  0.001 

BMI (kg/m2) 23.2  ± 2.9  22.9  ± 2.6  23.5  ± 2.9  23.7  ± 3.1  0.013  

Systolic blood pressure (mmHg) 121.4  ± 17.6  119.0  ± 18.8  120.3  ± 19.0  120.2  ± 16.5  0.659  

Diastolic blood pressure (mmHg) 78.1  ± 12.5  76.5  ± 13.3  77.7  ± 13.5  78.0  ± 11.7  0.799  

Fasting plasma glucose (mg/dL) 93.1  ± 9.7  91.7  ± 8.7  92.7  ± 9.5  91.8  ± 10.3  0.153  

Hemoglobin A1c (%) 5.4  ± 0.4  5.4  ± 0.4  5.4  ± 0.4  5.4  ± 0.3  0.294  

Fasting insulin (IU/L) a 4.7 (3.0-7.0) 4.4 (3.0-7.3) 4.9 (3.0-8.0) 5.3 (3.0-7.8) 0.004  

HOMA-IR a 1.1 (0.7-1.6) 1.0 (0.7-1.6) 1.1 (0.8-1.7) 1.2 (0.6-1.6) 0.014  

Total cholesterol (mg/dL) 207.2  ± 31.9  201.8  ± 31.9  207.8  ± 34.8  210.1  ± 35.2  0.101  

Triglycerides (mg/dL) a 104 (68-151) 93 (78-166) 105 (68-161) 110 (66-148) 0.086  

HDL-cholesterol (mg/dL) 59.1  ± 15.4  58.3  ± 13.7  57.8  ± 14.6  56.5  ± 13.6  0.037  

Total energy intake (kcal/day) 1998  ± 535  2084  ± 511  2257  ± 573  2627  ± 776  <0.001 

Total fiber intake (g/day) 10.2  ± 4.2  10.2  ± 3.9  11.1  ± 4.2  12.3  ± 5.2  <0.001 

Total fiber intake (g/1,000kcal) 5.1  ± 1.5  4.9  ± 1.5  4.9  ± 1.4  4.6  ± 1.2  <0.001 

Sugar-sweetened beverage intake 
(serving/day) 

0  
 

0.12  (0.12-0.21) 0.48  (0.30-0.84) 2.1  (1.4-2.7) 
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Diet soda intake (serving/day) 0.00  (0.00-0.00) 0.00  (0.00-0.00) 0.00  (0.00-0.12) 0.00  (0.00-0.30) <0.001 

100% fruit juice intake (serving/day) 0.00  (0.00-0.00) 0.00  (0.00-0.09) 0.00  (0.00-0.23) 0.00  (0.00-0.23) <0.001 

Vegetable juice intake (serving/day) 0.00  (0.00-0.00) 0.00  (0.00-0.09) 0.00  (0.00-0.09) 0.00  (0.00-0.00) 0.063  

Coffee intake (serving/day) 1.10  (0.40-1.50) 1.50  (0.40-1.50) 1.50  (0.40-1.50) 1.00  (0.25-1.90) 0.054  

Family history of diabetes (%) 13.0  
  

16.6  
  

12.7  
  

14.1  
  

0.414  

Smoking status (%) 
            

0.326  

     Non-smoker 30.3  
  

34.7  
  

30.9  
  

36.5  
   

     Ex-smoker 15.9  
  

11.4  
  

14.8  
  

14.9  
   

     Current smoker 53.8  
  

53.9  
  

54.3  
  

48.5  
   

Alcohol drinking (%) 
            

<0.001 

     Never 11.1  
  

14.4  
  

16.1  
  

24.5  
   

     Occasional 8.6  
  

11.4  
  

11.3  
  

12.4  
   

     Drink <20 g/day 33.8  
  

31.7  
  

31.3  
  

27.0  
   

     Drink ≥20 g/day 46.5  
  

42.4  
  

41.3  
  

36.1  
   

Habitual exercise - Yes (%) 29.1  
  

26.2  
  

27.1  
  

29.5  
  

0.692  

Prevalence - BMI ≥25 kg/m2 (%) 25.0 
  

20.7 
  

29.0 
  

34.4 
  

0.006 

Prevalence - Hypertension (%) 36.8  
  

33.2  
  

35.0  
  

32.4  
  

0.557  

Prevalence - Dyslipidemia (%) 33.8  
  

28.4  
  

32.6  
  

32.8  
  

0.462  

Dietary intervention- Yes (%) 7.9  
  

8.1  
  

7.9  
  

7.5  
  

0.995  

Data are presented as n, mean ± standard deviation, median (interquartile range), or %. 
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a Data are geometric means (interquartile range). Log-transformed values were used for the analyses. 

b P-values for linear trends for continuous variables and chi-squared test for categorical variables. The P-values for linear trends were calculated with the 

continuous variables based on ordinal variables containing the median value of diet soda consumption for each drink category. 
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Table 2. Baseline characteristics of the 2,037 participants according to diet-soda consumption category 

 
Diet soda consumption 

 
Rare or never 

> rare/never 

but <1 serving/week 

≥ 1 serving/week 

to <1 serving/day 
≥ 1 serving/day pb 

N 1620 
  

198 
  

199 
  

20 
   

Age (years) 46.4  ± 6.0  46.3  ± 5.9  44.9  ± 6.0  42.3  ± 5.2  <0.001 

BMI (kg/m2) 23.3  ± 2.9  23.7  ± 2.9  23.7  ± 2.9  24.9  ± 2.6  0.003  

Systolic blood pressure (mmHg) 120.5  ± 18.5  118.6  ± 19.3  122.3  ± 14.5  121.1  ± 13.5  0.636  

Diastolic blood pressure (mmHg) 77.7  ± 13.1  75.7  ± 13.2  79.4  ± 10.9  79.6  ± 11.5  0.313  

Fasting plasma glucose (mg/dL) 92.7  ± 9.5  92.0  ± 8.9  92.9  ± 10.3  88.5  ± 11.8  0.076  

Hemoglobin A1c (%) 5.4  ± 0.4  5.4  ± 0.3  5.4  ± 0.4  5.4  ± 0.3  0.862  

Fasting insulin (IU/L) a 4.8  (3.0-7.0) 5.0  (3.0-7.3) 5.1  (3.0-8.0) 4.8  (3.0-7.8) 0.644  

HOMA-IR a 1.1  (0.7-1.6) 1.2  (0.7-1.6) 1.2  (0.8-1.7) 1.0  (0.6-1.6) 0.946  

Total cholesterol (mg/dL) 206.9  ± 33.9  206.6  ± 32.7  208.1  ± 32.1  214.3  ± 36.4  0.300  

Triglycerides (mg/dL) a 102  (68-151) 112  (78-166) 107  (68-161) 98  (66-148) 0.961  

HDL-cholesterol (mg/dL) 58.3  ± 14.8  56.9  ± 12.9  57.4  ± 13.9  61.1  ± 20.0  0.624  

Total energy intake (kcal/day) 2155  ± 582  2267  ± 639  2375  ± 727  2849  ± 829  <0.001 

Total fiber intake (g/day) 10.6  ± 4.2  11.3  ± 4.5  11.9  ± 5.2  13.2  ± 5.1  <0.001 

Total fiber intake (g/1,000kcal) 4.9  ± 1.4  5.0  ± 1.3  5.0  ± 1.5  4.7  ± 1.2  0.579 

Sugar-sweetened beverage 
consumption (serving/day) 

0.12  (0.00-0.45) 0.30  (0.12-0.60) 0.30  (0.53-0.93) 1.9  (1.1-2.7) <0.001 
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Diet soda consumption (serving/day) 0  
 

0.12  (0.12-0.12) 0.30  (0.30-0.60) 2.6  (2.1-3.2) 
 

100% fruit juice consumption 
(serving/day) 

0.00  (0.00-0.09) 0.09  (0.00-0.23) 0.09  (0.00-0.23) 0.10  (0.00-0.71) <0.001 

Vegetable juice intake consumption 
(serving/day) 

0.00  (0.00-0.00) 0.00  (0.00-0.09) 0.00  (0.00-0.18) 0.00  (0.00-0.39) 0.518 

Coffee consumption (serving/day) 1.50  (0.40-1.50) 1.05  (0.40-1.50) 0.70  (0.40-1.50) 0.65  (0.20-2.25) 0.712 

Family history of diabetes (%) 13.5  
  

13.2  
  

14.6  
  

10.0  
  

0.936  

Smoking status (%) 
            

0.740  

     Non-smoker 31.5  
  

33.3  
  

32.2  
  

45.0  
   

     Ex-smoker 14.8  
  

12.6  
  

17.1  
  

10.0  
   

     Current smoker 53.8  
  

54.0  
  

50.8  
  

45.0  
   

Alcohol drinking (%) 
            

0.178  

     Never 14.7  
  

14.1  
  

20.6  
  

15.0  
   

     Occasional 9.8  
  

13.6  
  

13.6  
  

15.0  
   

     Drink <20 g/day 31.7  
  

31.8  
  

31.2  
  

30.0  
   

     Drink ≥20 g/day 43.8  
  

40.4  
  

34.7  
  

40.0  
   

Habitual exercise - Yes (%) 27.0  
  

32.8  
  

30.2  
  

25.0  
  

0.311  

Prevalence - BMI ≥25 kg/m2 (%) 26.2 
  

29.8 
  

31.7 
  

40.0 
  

0.055 

Prevalence - Hypertension (%) 34.6  
  

33.3  
  

38.7  
  

50.0  
  

0.320  

Prevalence - Dyslipidemia (%) 32.1  
  

34.8  
  

32.2  
  

40.0  
  

0.768  

Dietary intervention- Yes (%) 7.1  
  

10.1  
  

11.1  
  

15.0  
  

0.076  

Data are presented as n, mean ± standard deviation, median (interquartile range), or %. 
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a Data are geometric means (interquartile range). Log-transformed values were used for the analyses. 

b P-values for linear trends for continuous variables and chi-squared test for categorical variables. The P-values for linear trends were calculated with the 

continuous variables based on ordinal variables containing the median value of diet soda consumption for each drink category.  
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Table 3. Risk of incident type 2 diabetes according to soft drink and diet soda consumption categories in 2,037 Japanese men 

  
Consumption of soft drinks 

P for trenda 

  
Rare or never 

> rare/never but  

<1 serving/week 

≥ 1 serving/week 

to <1 serving/day 
≥ 1 serving/day 

Sugar-sweetened beverage 
     

 
n 660 271 865 241 

 

 
Number of incident cases 55 19 72 24 

 

 
Person-years of follow-up 3554 1494 4825 1381 

 

 
Incidence rate (/1,000 person-years) 15.5 12.7 14.9 17.4 

 

 
Hazard ratio (95% confidence interval) 

     

 
   Model 1 1.00 (reference) 0.86 (0.51-1.45) 1.03 (0.72-1.46) 1.24 (0.77-2.01) 0.296  

 
   Model 2 1.00 (reference) 0.92 (0.55-1.56) 0.99 (0.70-1.41) 1.20 (0.74-1.94) 0.389  

 
   Model 3 1.00 (reference) 0.90 (0.80-2.27) 1.06 (0.74-1.53) 1.35 (0.80-2.27) 0.208  

 
   Model 4 1.00 (reference) 0.97 (0.57-1.64) 1.11 (0.74-1.66) 1.34 (0.72-2.36) 0.424  

Diet soda 
     

 
n 1620  198  199  20  

 

 
Number of incident cases 124  16  28  2  

 

 
Person-years of follow-up 8968  1066  1103  116  

 

 
Incidence rate (/1,000 person-years) 13.8  15.0  25.4  17.2  

 

 
Hazard ratio (95% confidence interval) 
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   Model 1 1.00 (reference) 1.10 (0.66-1.86) 1.99 (1.33-2.98) 0.001  

 
   Model 2 1.00 (reference) 1.05 (0.62-1.76) 1.82 (1.22-2.71) 0.005  

 
   Model 3 1.00 (reference) 1.05 (0.62-1.78) 1.70 (1.13-2.55) 0.013  

 
   Model 4 1.00 (reference) 1.14 (0.66-1.95) 1.71 (1.11-2.63) 0.015  

Model 1: adjusted for age; Model 2, adjusted for age and BMI; Model 3, adjusted for the variables in Model 2 above + family history of diabetes, smoking, 

alcohol drinking, and habitual exercise, presence of hypertension, presence of dyslipidemia, receiving the diet treatment for chronic disease, total energy intake, 

and total fiber intake; Model 4, adjusted for the variables in Model 3 above + consumption of sugar-sweetened beverage (for diet soda), diet soda consumption 

(for sugar-sweetened beverage), fruit juice consumption, vegetable juice consumption, and coffee consumption. 

The Cox proportional hazard model was used for the analyses. 

a Linear regression was used for continuous variables based on ordinal variables containing the median value for each drink category. 
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