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Introduction:  

 Type 2 diabetes is a chronic medical condition that results from excess blood glucose 

levels. Insulin is a hormone which moves blood sugar from the blood and into cells to be used as 

energy. Unlike type 1 diabetes, in which high blood sugar levels arise from the inability of a 

person’s pancreas to produce insulin, type 2 diabetes occurs when cells fail to respond normally 

to insulin and sugar levels in the blood continue to increase. According to the CDC, 90-95% of the 

estimated 34 million Americans diagnosed with diabetes fall into this latter category (CDC, 2019). 

Though the exact causes of type 2 diabetes are unknown, risk factors such as genetics, body weight, 

and lack of physical activity are thought to be contributing features.  

 Recent research has investigated diet as an alternative protective or risk factor for type 2 

diabetes. In 2014, the World Health Organization announced 422 million cases of diabetes 

worldwide, and linked high intake of saturated fatty acids, high total fat intake, and high intake of 

sweetened beverages with an increased risk for type 2 diabetes (WHO, 2016). Recent research 

hypothesizes that individuals following a vegetarian or vegan diet will be less likely to develop 

type 2 diabetes due to their eliminated consumption of red and processed meats. Overall increased 

consumption of fruit, salads, and cooked vegetables might also contribute to healthier lifestyle 

behaviors, reducing the risk of being overweight and developing diabetes.  

  In this paper, I seek to understand the connection between vegetarian diets and the 

associated risk of developing type 2 diabetes. If there is a significant protective effect of a plant-

based diet against type 2 diabetes, policies addressing the increasing prevalence of type 2 diabetes 

can be informed by this research, and programs encouraging a plant-based diet can be promoted.  
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Methods:  

 To complete this study, I completed several database searches in PubMed, in addition to a 

search in Google Scholar. I ran a total of 6 searches in PubMed, limiting results to the last 20 years 

and using variations of the following MeSH terms: incidence, “type 2 diabetes”, “diabetes 

mellitus”, vegetarianism, “vegetarian diet”, and “plant-based diet”. I also completed an additional 

search in Google Scholar using incidence, “type 2 diabetes”, and vegetarianism as search terms. I 

gathered a total of 266 sources from these searches, 246 from PubMed and an additional 20 from 

the first two relevant pages of Google Scholar results.  

 In order to narrow down these papers, I followed the PRISMA diagram, seen in Figure 1 

below. I first eliminated any duplicates from my multiple PubMed searches and the Google Scholar 

results. After the 156 duplicates were removed, I was left with 110 articles published in the last 20 

years whose MeSH terms indicated a relation to my topic. I removed a single study for being 

written in German, and then began combing through the remaining papers, removing meta-

analyses and reviews, those studies with a different study focus, and papers that weren’t case-

control or cohort studies. After this process, I was left with 8 articles published between 2000 and 

2020 with a focused research on vegetarian diets and type 2 diabetes incidence. Seven of these 

articles used data from prospective cohort studies and one article was a case-control analysis.  

 To assess the data from these studies, I used Microsoft Excel to create several forest plots. 

In addition to analyzing the assorted hazard ratios to investigate my main research question, I also 

completed several subgroup analyses: one comparing the protective effects of a vegetarian diet to 

those from a vegan diet, and the other comparing vegetarianism as a protective factor in male and 

female populations.  
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Figure 1: PRISMA 2009 flow diagram used to process papers for this investigation.  
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Results:  

I have summarized the main features of the 8 papers I explored in Table 1. The majority 

of the papers I examined were prospective cohort studies, which provide good evidence for 

causality as cases develop years after the initial recruitment into the study. Half the studies I 

examined were completed in either the United States or Canada, with the other studies being 

completed in Asia and Europe. While I thought it might be interesting to compare results from the 

U.S. to results gathered from other countries, I decided against it because of the increased 

variability between the Netherlands, the United Kingdom, Iran, and Taiwan.  

Despite this bias towards countries in North America, many of the studies were able to 

garner considerable sample sizes, decreasing the risk of incurring a type II error. All of these 

studies also used similar methods for assessment of diabetes and vegetarianism, though there were 

some minor differences in the questionnaires given. All of the studies used an official diagnosis 

from a medical professional as an indicator of development of type 2 diabetes, however, Chiu 

(2018), additionally defined a diagnosis if the participant indicated an HbA1C of above or equal 

to 6.5%. Similarly, to assess vegetarianism, all studies used some variety of a food frequency 

questionnaire in which participants were asked to indicate how often they ate certain foods on a 

weekly or daily basis in the previous year(s). From this, the studies were able to define vegetarian 

individuals as those that did not indicate consuming meat or fish in their questionnaire. Some 

studies increased their distinction of vegetarian diets. For example, Zamani (2019) and Satija 

(2016) used a Plant Based Diet Index to create subsets of a “healthy” plant-based diet, defined as 

one with larger consumption levels of fresh fruit and leafy greens, and an “unhealthy” plant-based 

diet as one which focused on pasta or other processed foods. Others, like Tonstad (2009; 2013) 
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and Papier (2019), differentiated vegan from vegetarian diets, which I used for further sub-group 

analyses.  

Author Year  Location  Study Type Sample 
Size 

Method of 
Assessment 
of Diabetes  

Method of 
Assessment of 
Vegetarianism 

Unadjusted 
Stats 

Adjusted 
Stats 

Subgroups 

Zamani 2019 Isfashan, 
Iran 

Case 
Control 

460 Diagnosis of 
GDM by 
hospital 

Dietary intake taken 
with use of three-
day food diaries 
between the 25th 
and 28th week of 
pregnancy. Three 
indexes were 
calculated: overall 
Plant-based Diet 
Index (PDI), 
healthful PDI 
(hPDI), and 
unhealthful PDI 
(uPDI).  

OR: PDI: 
0.50 (0.31-
0.80); hPDI: 
1.07 (0.68-
1.67); uPDI: 
1.41 (0.89-
2.23) 

PDI: 0.47 
(0.28-0.78); 
hPDI: 1.03 
(0.64-1.65); 
uPDI: 1.65 
(0.98-2.78) - 
Adjusted for 
age, energy 
intake, 
smoking 
status, 
number of 
children, and 
BMI 

PDI; hPDI; 
uPDI; 
women 

Vang 2008 Californi
a, USA 

Prospective 
Cohort 

8,401 Cases defined 
based on 
answers to 
disease 
history 
criteria in 
follow-up 
questionnaire 
(given after 
16 years) 

Food frequency 
intake questionnaire 
with specifics about 
animal products 
eaten per week/per 
day.  

OR: Self-
Calculated: 
0.86 (0.72-
1.03) 
 
 
 
 
 
 

Study 
provided Age 
and Sex 
Adjusted  
Statistics - I 
could not do 
so as I 
calculated this 
OR myself 
from the data 

looked at 
consumptio
n of all 
meats, 
processed 
meats, and 
long-term 
adherence to 
a certain 
diet – 
Baseline 
BMI by 
weight 
change 

Chen 2018 Rotterda
m, The 
Netherlan
ds 

Prospective 
Cohort 

6,770 Diagnosis of 
Diabetes in 
followup 
(every 3-5 
years) 

Food frequency 
questionnaire and 
plant-based diet 
index score. 

Not 
provided - 
First model 
is adjusted 
for energy 
intake, sex, 
age, and RS 
sub-cohort: 
HR: 0.82 
(0.73-0.92) 

HR: 0.87 
(0.79-0.99) - 
Adjusted for 
energy intake, 
sex, age, RS 
study cohort, 
education, 
smoking 
status, family 
history of 
diabetes, 
physical 
activity, food 
supplement 
use, and BMI 

 

Satija 2016 USA Prospective 
Cohort 

200,727 Indication of 
diabetes 
diagnosis in 
follow up; 
Participants 
who self-
reported 
physician-
diagnoses 
diabetes were 
sent a 
supplementar
y 
questionnaire 
with 
established 
validity to 
confirm 
diagnosis. 

Food frequency 
questionnaire and 
plant-based diet 
index score. 

Not -
provided - 
Age 
adjusted HR 
per decile: 
0.76 (0.74-
0.79) 

Adjusted for 
age, smoking 
status, 
physical 
activity, 
alcohol 
intake, 
multivitamin 
use, family 
history of 
diabetes, 
margarine 
intake, energy 
intake, 
baseline 
hypertension, 
baseline 
hypercholeste
rolemia, 
menopausal 
status in 

pDI; hPDI; 
uPDI – Age, 
family 
history of 
T2D, 
physical 
activity, 
BMI 
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women, and 
BMI - HR: 
0.88 (0.86-
0.91) 

Tonstad 2009 USA and 
Canada 

Prospective 
Cohort 

60,903 Self-reporting 
of diabetes in 
follow-up 

Food frequency 
questionnaire.  

Self-
calculated 
OR: vegans: 
0.36 (0.29, 
0.45); lacto-
ovo 
vegetarians: 
0.40 (0.37, 
0.44); 
pesco-
vegetarians: 
0.61 (0.54, 
0.69); 
semivegetari
ans: 0.79 
(0.68, 0.92) 

Adjusted for a 
number of 
socioeconomi
c and lifestyle 
factors - HR - 
vegan: 0.51 
(0.40-0.66); 
lacto-ovo 
vegetarian: 
0.54 (0.49-
0.60); pesco-
vegetarian: 
0.70 (0.61-
0.80); semi-
vegetarian: 
0.76 (0.65-
0.90) 

Subgroups 
depending 
on intensity 
of 
vegetarian/v
egan diet 

Chiu 2018 Taiwan Prospective 
Cohort 

2,918 Cases defined 
if participants 
reported 
diabetes 
diagnosis at 
follow-up 
questionnaire
s or if their 
HbA1C was 
greater or 
equal to 6.5% 

Food frequency 
questionnaire 

HR: 0.59 
(0.42-0.82) 

Adjusted for 
age, gender, 
education, 
leisure time 
physical 
activities, 
family history 
of diabetes, 
follow-up 
methods, lipid 
medication, 
and BMI - 
HR: 0.65 
(0.46-0.92) 

Subgroup 
analysis by 
gender; 
BMI, 
metabolic 
syndrome, 
fatty liver,  

Tonstad 2013 USA and 
Canada 

Prospective 
Cohort 

41, 387 Self-reporting 
of diabetes in 
follow-up 

Food frequency 
questionnaire.  

Self-
calculated 
OR vegans: 
0.25 (0.157-
0.397); 
lacto-ovo 
vegetarian 
0.497 
(0.411, 
0.601); 
pesco-
vegetarian 
0.60 (0.44, 
0.81); semi-
vegetarian: 
0.43 (0.28, 
0.66) 

Adjusted for a 
number of 
socioeconomi
c and lifestyle 
factors - OR - 
vegan: 0.381 
(0.236-
0.617); lacto-
ovo 
vegetarian: 
0.618 (0.503-
0.760); pesco-
vegetarian: 
0.790 (0.575-
1.08); semi-
vegetarian: 
0.486 (0.312-
0.755) 

Black, Non-
black; 
different 
varieties of 
vegetarian 
diet. 

Papier 2019 United 
Kingdom 

Prospective 
Cohort 

65,411 Diabetes 
status 
ascertained 
through 
health status 
linkage 

Food frequency 
questionnaire.  

Self-
Calculated - 
OR: 0.354 
(0.31- 0.41) 

Stratified by 
sex, method 
of 
recruitment, 
region of 
residence and 
adjusted for 
age, 
education, 
Townsend 
deprivation 
index, 
ethnicity, 
smoking, 
alcohol 
intake, and 
physical 
activity. HR: 
0.63 (0.54-
0.74) 

Subgroup 
analysis by 
gender, age, 
BMI, 
smoking 
status, 
education 
level and 
diet type - 
vegans and 
vegetarians 
combined in 
this study 
due to small 
numbers but 
vegans also 
analyzed 
separately. 
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In addition to reviewing the major trends in the papers I identified in Table 1, I also created 

a forest plot (Figure 2) of the hazard ratios (HRs) evaluating the effect of vegetarian diets on the 

risk of type 2 diabetes. In order to analyze the data in this way, some of the data had to be modified 

from its original version. Vang et al. (2008), specifically, examined the relationship of meat 

consumption to type 2 diabetes incidence. Instead of using a diet with meat as the control, the 

control for the study’s odds ratio was vegetarianism. Thus, in order to effectively include this paper 

in my study, I needed to self-calculate the odds ratio using a vegetarian diet as the exposure instead. 

Furthermore, the two Tonstad papers (2009; 2013), used several sub-groups related to 

vegetarianism, including lacto-ovo vegetarianism, pesco-vegetarianism, and semi-vegetarianism. 

For the overall forest plot, I used the statistics related to lacto-ovo vegetarianism, as I believe that 

diet to ascribe most closely to the definitions of vegetarianism in the other studies I examined. 

Finally, in the papers that used a plant-based diet index (PDI) (Satija et. al, 2016; Zamani et. al, 

2019), I used the hazard ratios associated with the overall PDI rather than those associated with a 

“healthy” or “unhealthy” plant-based diet.  

Nearly all the papers I examined in this study were able to reject the null hypothesis that 

there is no relation between a vegetarian diet and the incidence of type 2 diabetes. Vang et. al 

(2008) is the only paper to violate this pattern. Of these significant studies, all of them show 

vegetarianism as a protective factor against the risk of developing type 2 diabetes, though to 

varying degrees. While there is some variability in the hazard ratios, individuals following a 

vegetarian diet seem to be about 25% less likely to develop type 2 diabetes than individuals who 

follow a traditional diet. With such agreement in these results, a protective relationship of 

vegetarianism in relation to type 2 diabetes is supported.  
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In addition to my primary analysis of vegetarianism as a protective factor against type 2 

diabetes, I also completed additional subgroup analyses, the first of which being a comparison of 

the protection offered by a vegan diet to that provided by a vegetarian diet (Figure 3). Though 

vegan and vegetarian diets both exclude meat and fish, vegan diets also restrict the intake of other 

animal products, such as milk, cheese, and eggs. These foods, some varieties of which can be high 

in fat and salt, may also contribute to an increase in incidence of diabetes in the populations that 

consume them. Additionally, comparing the protective effects of these two diets could help narrow 

down associations between diet and diabetes incidence.  

As expected, both vegetarian diets (shown in orange) and vegan diets (shown in blue) had 

a significant protective effect against type 2 diabetes incidence in the studies that analyzed them. 

Based on the distribution of the data points, vegan diets do seem to offer an increased protective 

0 0.25 0.5 0.75 1 1.25 1.5

OR/HR/RR and CI

Vang et. al 2008    0.86(0.72, 1.03)

Tonstad et. al. 2009     0.54(0.37, 0.60)

Tonstad et. al. 2013     0.62(0.50, 0.76)

Satija et. al. 2016     0.88(0.86, 0.91)

Chen et. al 2018     0.87(0.79, 0.99)

Zamani et. al. 2019      0.47(0.28, 0.78)

Chiu et. al. 2018     0.65(0.46, 0.92)

Papier et al 2019     0.63(0.54, 0.74)

Odds Ratio 

Protective Effect of Vegetarian Diet Against Type 2 Diabetes 
Across All Papers

Figure 2: Protective Effect of a Vegetarian Diet Against the Incidence of Type 2 Diabetes Across All 
Papers. Seven of the eight papers examined found a significant relationship between vegetarianism and a 
reduced incidence of type 2 diabetes. Though there was variability between the papers examined, generally, 
vegetarianism seems to reduce the risk of developing type two diabetes by about 25%.  



  Kayla Nikc 

 10 

effect against type 2 diabetes than vegetarian diets. Overall, it seems that those following a vegan 

diet are 10% less likely to develop type 2 diabetes than those following a vegetarian diet. From 

this graph, it seems that the consumption of any meat products somewhat increases the risk for 

developing type 2 diabetes and, conversely, the restriction of these animal-based products will 

reduce the risk of developing type 2 diabetes.   

 

 

  
Finally, I examined gender as another possible subgroup for diabetes incidence associated 

with diet. This forest plot is shown in Figure 4. From this analysis, I sought to determine whether 

the protection offered by a vegetarian diet was limited to a specific gender. While I did not expect 

to see a difference associated with gender, examining this association remains informative. The 

vast majority of individuals who choose to follow a vegetarian diet are female, which has been 

0 0.5 1 1.5

OR/RR/HR and CI

Tonstad et. al. 2009     0.54(0.37, 0.60)

Tonstad et. al. 2013     0.62(0.50, 0.76)

Papier et al 2019     0.65(0.55, 0.76)

Tonstad et. al. 2009     0.51(0.40, 0.66)

Tonstad et. al. 2013     0.381(0.236, 0.617)

Papier et al 2019     0.53(0.36, 0.79)

Odds Ratio

Protection of Vegetarian and Vegan Diets Against Type 2 
Diabetes

Figure 3: Comparison of the Protection Offered by Vegetarian and Vegan Diets Against Type 2 Diabetes. 
Three studies completed subgroup analyses of the separate protective effects offered by vegetarian and vegan 
diets. In order to compare the influence of each diet, I created a forest plot mapping the hazard ratios and 
associated confidence intervals of solely vegetarian diets (shown in orange) and vegan diets (shown in blue). 
From the plot, people following vegan diets are about 10% less likely to be diagnosed with type 2 diabetes that 
people following vegetarian diets.  
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theorized to be associated with the hyper-masculinization of meat in pop culture and social media 

(Brady and Ventresca, 2014). As a result of these social influences, which encourage men to 

ascribe “manliness” to activities such as appreciating a steak dinner or knowing how to grill a 

burger, men may be less likely to pursue a vegetarian diet. However, if diabetes incidence in men 

following a vegetarian diet (shown in orange) decreases as much as it does for women on the same 

diet (shown in blue), men may be more likely to reduce their consumption of meat as a preventative 

means despite these social pressures.  

Three of the seven studies I examined related to gender were unable to reject the null 

hypothesis that there is no relation between vegetarianism and the risk of developing type 2 

diabetes. It is worth noting that 7 subgroups were included in the comparison rather than 6 because 

Figure 4: Comparison of the protection offered by vegetarian diets against the incidence of type 2 
diabetes in men and women. Three studies completed sub-group analyses by gender in their assessment of the 
protection offered by a vegetarian diet against type 2 diabetes. Satija et. al (2016) is included twice in this plot 
because the two different all-female cohorts were analyzed separately in the study. Statistics associated with 
female participants are shown in clue while statistics associated with male participants are shown in orange. 
Four of the studies were able to find a significant association between vegetarian diet and protection against the 
incidence of type 2 diabetes. There is an increase in variability in the male studies, which may result from the 
relatively fewer numbers of vegetarian males compared to vegetarian females. From the significant results 
shown in this plot, however, men and women seem to be offered similar protective effects against type 2 
diabetes when adhering to a vegetarian diet.  

0 0.5 1 1.5

OR/HR/RR and CI

Satija et. al 2016 Female 1     0.88(0.84, 0.93)

Satija et. al 2016 Female 2      0.93(0.87, 0.98)

Chiu et. al 2018 Female     0.67(0.45, 0.99)

Papier et. al 2019 Female     0.94(0.77, 1.14)

Satija et. al 2016 Male     0.84(0.78, 0.89)

Chiu et. al 2018 Male     0.56(0.24, 1.31)

Papier et. al 2019 Male      0.83(0.61, 1.11)

Odds Ratio

Protection of Vegetarian Diets Against Type 2 Diabetes in Men 
and Women
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the 2 female cohorts in Satija et. al. (2016) were analyzed separately in the study. This being said, 

however, the 4 remaining studies showed that vegetarian diets did have a protective effect against 

the incidence of type 2 diabetes in men and women. From these significant results, the protective 

effect in men seems to be about the same in men and women, though it is difficult to tell with only 

one significant result in the male group. From these studies, I would conclude that vegetarian diets 

seem to offer the same protective effect against the incidence of type 2 diabetes in men and women, 

I encourage additional investigations to further elucidate this relationship.  

 
 
Summary and Conclusion:  
  
 From my examination of these studies, I found an overwhelmingly significant protective 

benefit of vegetarianism against type 2 diabetes. Almost all of the 8 studies I examined found that 

a vegetarian diet offered a statistically significant level of protection against developing type 2 

diabetes. This protection was given at about the same level to both male and female populations, 

but there was a slight increase in protection offered by vegan diets compared to vegetarian diets, 

which suggests that all animal-based products, and not just meat itself, might contribute to the risk 

of developing type 2 diabetes.  

 Though these results seem fairly conclusive, there are some issues with my current 

investigation. As I indicated in my results section, half the studies I examined were focused on 

populations in North America. Though the information gathered from these studies remains 

valuable, it is unclear whether these patterns are applicable to other areas outside this study. 

Countries in the Southern Hemisphere were completely missing from this study, and while some 

results may be transcribed onto populations in those regions, the relationship between 
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vegetarianism and diabetes in those countries remains unclear, and additional studies investigating 

this relationship should be completed in those countries to avoid possible selection bias.  

 There may also be a factor of confounding in this study. Obesity is a known risk factor for 

diabetes, and individuals on a vegetarian or vegan diet might inherently be at less risk for becoming 

obese, which would, in turn, decrease their risk for developing type 2 diabetes. Though some of 

the studies I investigated controlled for factors like physical activity and BMI, there were others 

which failed to do so or which I was unable to complete because I calculated the odds ratio myself. 

Additionally, though these studies controlled for BMI, not all of them provided subgroups with 

associations by BMI levels. This being said, however, of the studies that did control for BMI and 

physical activity as possible confounders, the protective relationship of vegetarianism against type 

2 diabetes was still statistically significant.  

 A further avenue for future study could explore the differing effects of additional varieties 

of vegetarian diets. While Tonstad et. al (2009; 2013) was able to divide their investigation into 

groups of vegans, lacto-ovo vegetarians, pesco vegetarians, and semi-vegetarians, not all studies 

offered this level of specificity and, because there was a slight difference in the protective effect 

offered by vegan and vegetarian diets, it may be insightful to explore these other variations of 

plant-based diets. Additionally, studies could further explore the differences between “healthy” 

and “unhealthy” plant-based diets, as Zamani (2019) and Satija (2016) did. Though not specifically 

analyzed in my study due to the infrequency of its analysis, it would be worthwhile to explore 

more literature on this association to determine an overall assessment.  

Though there may have been some selection bias and confounding present in my study, I 

am still confident in my conclusion that vegetarianism provides a protective benefit against the 

incidence of type 2 diabetes. The majority of the papers I examined were prospective cohort 
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studies. These are studies in which a specific population is followed from the time of exposure to 

a given variable to the time of development of some condition. In cohort studies, temporality is 

clear, which allows researchers to infer effects from certain exposures rather than mere 

correlations. In addition to cohort studies, I examined one case-control study. Case-control studies, 

unlike cohort studies, follow in logic from effect to potential cause and the odds of being exposed 

to a certain risk factor is estimated. Because the majority of studies I examined were prospective 

cohort studies, I am confident in my assessment of vegetarianism as a preventative factor against 

the incidence of type 2 diabetes.  
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BACKGROUND: Plant-based diets have been recommended to reduce the risk of type 2 
diabetes (T2D). However, not all plant foods are necessarily beneficial. We examined the 
association of an overall plant-based diet and hypothesized healthful and unhealthful 
versions of a plant-based diet with T2D incidence in three prospective cohort studies in 
the US. 
METHODS AND FINDINGS: We included 69,949 women from the Nurses' Health 
Study (1984-2012), 90,239 women from the Nurses' Health Study 2 (1991-2011), and 
40,539 men from the Health Professionals Follow-Up Study (1986-2010), free of chronic 
diseases at baseline. Dietary data were collected every 2-4 y using a semi-quantitative 
food frequency questionnaire. Using these data, we created an overall plant-based diet 
index (PDI), where plant foods received positive scores, while animal foods (animal fats, 
dairy, eggs, fish/seafood, poultry/red meat, miscellaneous animal-based foods) received 
reverse scores. We also created a healthful plant-based diet index (hPDI), where healthy 
plant foods (whole grains, fruits, vegetables, nuts, legumes, vegetable oils, tea/coffee) 
received positive scores, while less healthy plant foods (fruit juices, sweetened beverages, 
refined grains, potatoes, sweets/desserts) and animal foods received reverse scores. 
Lastly, we created an unhealthful plant-based diet index (uPDI) by assigning positive 
scores to less healthy plant foods and reverse scores to healthy plant foods and animal 
foods. We documented 16,162 incident T2D cases during 4,102,369 person-years of 
follow-up. In pooled multivariable-adjusted analysis, both PDI and hPDI were inversely 
associated with T2D (PDI: hazard ratio [HR] for extreme deciles 0.51, 95% CI 0.47-0.55, 
p trend < 0.001; hPDI: HR for extreme deciles 0.55, 95% CI 0.51-0.59, p trend < 0.001). 
The association of T2D with PDI was considerably attenuated when we additionally 
adjusted for body mass index (BMI) categories (HR 0.80, 95% CI 0.74-0.87, p trend < 
0.001), while that with hPDI remained largely unchanged (HR 0.66, 95% CI 0.61-0.72, p 
trend < 0.001). uPDI was positively associated with T2D even after BMI adjustment (HR 
for extreme deciles 1.16, 95% CI 1.08-1.25, p trend < 0.001). Limitations of the study 
include self-reported diet assessment, with the possibility of measurement error, and the 
potential for residual or unmeasured confounding given the observational nature of the 
study design. 
CONCLUSIONS: Our study suggests that plant-based diets, especially when rich in high-
quality plant foods, are associated with substantially lower risk of developing T2D. This 
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supports current recommendations to shift to diets rich in healthy plant foods, with lower 
intake of less healthy plant and animal foods. 
 
DOI: 10.1371/journal.pmed.1002039 
PMCID: PMC4907448 
PMID: 27299701 [Indexed for MEDLINE] 
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AIM: The prevalence of gestational diabetes mellitus (GDM), which has adverse  
effects on mothers and their offspring, is increasing worldwide. The role of a  
plant-based dietary pattern as a determinant of GDM is not well understood.  
Therefore, we examined the association between plant-based dietary patterns and  
the risk of GDM. 
METHODS: We enrolled 460 pregnant women in this case-control study, of them 200  
were cases and 260 were controls. Dietary intake of participants was evaluated  
using three 24-hour dietary records. Adherence to the plant-based dietary  
patterns was scored using three indices of the overall plant-based dietary index  
(PDI), healthy plant-based diet (hPDI) and unhealthy plant-based diet index  
(uPDI). The risk of GDM was compared across tertiles of PDI, hPDI and uPDI. 
RESULTS: After multivariable adjustment, we demonstrated that the high PDI score  
was inversely associated with risk of GDM (OR = 0.47; 95% CI: 0.28-0.78, P =  



  Kayla Nikc 

 18 

0.004), but there was no significant association between hPDI (OR = 1.03; 95%  
CI: 0.64-1.65, P = 0.884) or uPDI (OR = 1.65; 95% CI: 0.98-2.78, P = 0.06) and  
GDM risk. 
CONCLUSIONS: We found that following an overall plant-based diet was associated  
with lower risk of GDM. Future studies are warranted with longitudinal designs  
to confirm these findings. 
 
© 2019 Dietitians Association of Australia. 
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Erratum in 
    Ann Nutr Metab. 2010;56(3):232. 
 
AIM: To examine the relation between meat intake and diabetes occurrence in  
adults. 
METHODS: In a prospective cohort study we examined the relation between diet and  
incident diabetes recorded among 8,401 cohort members (ages 45-88 years) of the  
Adventist Mortality Study and Adventist Health Study (California, USA) who were  
non-diabetic at baseline. During the 17-year follow-up, we identified 543  
incident diabetes cases. 
RESULTS: (1) Subjects who were weekly consumers of all meats were 29% (OR =  
1.29; 95% CI 1.08, 1.55) more likely (relative to zero meat intake) to develop  
diabetes. (2) Subjects who consumed any processed meats (salted fish and  
frankfurters) were 38% (OR = 1.38; 95% CI 1.05-1.82) more likely to develop  
diabetes. (3) Long-term adherence (over a 17-year interval) to a diet that  
included at least weekly meat intake was associated with a 74% increase (OR =  
1.74; 95% CI 1.36-2.22) in odds of diabetes relative to long-term adherence to a  
vegetarian diet (zero meat intake). Further analyses indicated that some of this  
risk may be attributable to obesity and/or weight gain--both of which were  
strong risk factors in this cohort. It is noteworthy that even after control for  
weight and weight change, weekly meat intake remained an important risk factor  
(OR = 1.38; 95% CI 1.06-1.68) for diabetes [corrected]. 
CONCLUSIONS: Our findings raise the possibility that meat intake, particularly  



  Kayla Nikc 

 19 

processed meats, is a dietary risk factor for diabetes. 
 
2008 S. Karger AG, Basel. 
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PMID: 18349528 [Indexed for MEDLINE] 
 

4. Eur J Epidemiol. 2018 Sep;33(9):883-893. doi: 10.1007/s10654-018-0414-8. Epub  
2018 Jun 8. 
 
Plant versus animal based diets and insulin resistance, prediabetes and type 2  
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Vegan or vegetarian diets have been suggested to reduce type 2 diabetes (T2D)  
risk. However, not much is known on whether variation in the degree of having a  
plant-based versus animal-based diet may be beneficial for prevention of T2D. We  
aimed to investigate whether level of adherence to a diet high in plant-based  
foods and low in animal-based foods is associated with insulin resistance,  
prediabetes, and T2D. Our analysis included 6798 participants (62.7 ± 7.8 years)  
from the Rotterdam Study (RS), a prospective population-based cohort in the  
Netherlands. Dietary intake data were collected with food-frequency  
questionnaires at baseline of three sub-cohorts of RS (RS-I-1: 1989-1993,  
RS-II-1: 2000-2001, RS-III-1: 2006-2008). We constructed a continuous  
plant-based dietary index (range 0-92) assessing adherence to a plant-based  
versus animal-based diet. Insulin resistance at baseline and follow-up was  
assessed using homeostasis model assessment of insulin resistance (HOMA-IR).  
Prediabetes and T2D were collected from general practitioners' records,  
pharmacies' databases, and follow-up examinations in our research center until  
2012. We used multivariable linear mixed models to examine association of the  
index with longitudinal HOMA-IR, and multivariable Cox proportional-hazards  
regression models to examine associations of the index with risk of prediabetes  
and T2D. During median 5.7, and 7.3 years of follow-up, we documented 928  
prediabetes cases and 642 T2D cases. After adjusting for sociodemographic and  
lifestyle factors, a higher score on the plant-based dietary index was  
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associated with lower insulin resistance (per 10 units higher score: β = -0.09;  
95% CI: - 0.10; - 0.08), lower prediabetes risk (HR = 0.89; 95% CI: 0.81; 0.98),  
and lower T2D risk [HR = 0.82 (0.73; 0.92)]. After additional adjustment for  
BMI, associations attenuated and remained statistically significant for  
longitudinal insulin resistance [β = -0.05 (- 0.06; - 0.04)] and T2D risk  
[HR = 0.87 (0.79; 0.99)], but no longer for prediabetes risk [HR = 0.93 (0.85;  
1.03)]. In conclusion, a more plant-based and less animal-based diet may lower  
risk of insulin resistance, prediabetes and T2D. These findings strengthen  
recent dietary recommendations to adopt a more plant-based diet.Clinical Trial  
Registry number and website NTR6831,  
http://www.trialregister.nl/trialreg/admin/rctview.asp?TC=6831 . 
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OBJECTIVE: We assessed the prevalence of type 2 diabetes in people following  
different types of vegetarian diets compared with that in nonvegetarians. 
RESEARCH DESIGN AND METHODS: The study population comprised 22,434 men 
and  
38,469 women who participated in the Adventist Health Study-2 conducted in  
2002-2006. We collected self-reported demographic, anthropometric, medical  
history, and lifestyle data from Seventh-Day Adventist church members across  
North America. The type of vegetarian diet was categorized based on a  
food-frequency questionnaire. We calculated odds ratios (ORs) and 95% CIs using  
multivariate-adjusted logistic regression. 
RESULTS: Mean BMI was lowest in vegans (23.6 kg/m(2)) and incrementally higher  
in lacto-ovo vegetarians (25.7 kg/m(2)), pesco-vegetarians (26.3 kg/m(2)),  
semi-vegetarians (27.3 kg/m(2)), and nonvegetarians (28.8 kg/m(2)). Prevalence  
of type 2 diabetes increased from 2.9% in vegans to 7.6% in nonvegetarians; the  
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prevalence was intermediate in participants consuming lacto-ovo (3.2%), pesco  
(4.8%), or semi-vegetarian (6.1%) diets. After adjustment for age, sex,  
ethnicity, education, income, physical activity, television watching, sleep  
habits, alcohol use, and BMI, vegans (OR 0.51 [95% CI 0.40-0.66]), lacto-ovo  
vegetarians (0.54 [0.49-0.60]), pesco-vegetarians (0.70 [0.61-0.80]), and  
semi-vegetarians (0.76 [0.65-0.90]) had a lower risk of type 2 diabetes than  
nonvegetarians. 
CONCLUSIONS: The 5-unit BMI difference between vegans and nonvegetarians  
indicates a substantial potential of vegetarianism to protect against obesity.  
Increased conformity to vegetarian diets protected against risk of type 2  
diabetes after lifestyle characteristics and BMI were taken into account. Pesco-  
and semi-vegetarian diets afforded intermediate protection. 
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BACKGROUND/OBJECTIVES: Vegetarian diets are inversely associated with diabetes  
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in Westerners but their impact on Asians-whose pathophysiology differ from  
Westerners-is unknown. We aim to investigate the association between a  
vegetarian diet, change in dietary patterns and diabetes risk in a Taiwanese  
Buddhist population. 
METHODS: We prospectively followed 2918 non-smoking, non-alcohol drinking  
Buddhists free of diabetes, cancer, and cardiovascular diseases at baseline, for  
a median of 5 years, with 183 incident diabetes cases confirmed. Diet was  
assessed through a validated food frequency questionnaire at baseline and a  
simple questionnaire during follow-ups. Incident cases of diabetes were  
ascertained through follow-up questionnaires, fasting glucose and HbA1C.  
Stratified Cox Proportional Hazards Regression was used to assess the effect of  
diets on risk of diabetes. 
RESULTS: Consistent vegetarian diet was associated with 35% lower hazards (HR:  
0.65, 95% CI: 0.46, 0.92), while converting from a nonvegetarian to a vegetarian  
pattern was associated with 53% lower hazards (HR: 0.47, 95% CI: 0.30, 0.71) for  
diabetes, comparing with nonvegetarians while adjusting for age, gender,  
education, physical activity, family history of diabetes, follow-up methods, use  
of lipid-lowering medications, and baseline BMI. 
CONCLUSION: Vegetarian diet and converting to vegetarian diet may protect  
against diabetes independent of BMI among Taiwanese. 
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AIM: To evaluate the relationship of diet to incident diabetes among non-Black  
and Black participants in the Adventist Health Study-2. 
METHODS AND RESULTS: Participants were 15,200 men and 26,187 women (17.3%  
Blacks) across the U.S. and Canada who were free of diabetes and who provided  
demographic, anthropometric, lifestyle and dietary data. Participants were  
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grouped as vegan, lacto ovo vegetarian, pesco vegetarian, semi-vegetarian or  
non-vegetarian (reference group). A follow-up questionnaire after two years  
elicited information on the development of diabetes. Cases of diabetes developed  
in 0.54% of vegans, 1.08% of lacto ovo vegetarians, 1.29% of pesco vegetarians,  
0.92% of semi-vegetarians and 2.12% of non-vegetarians. Blacks had an increased  
risk compared to non-Blacks (odds ratio [OR] 1.364; 95% confidence interval  
[CI], 1.093-1.702). In multiple logistic regression analysis controlling for  
age, gender, education, income, television watching, physical activity, sleep,  
alcohol use, smoking and BMI, vegans (OR 0.381; 95% CI 0.236-0.617), lacto ovo  
vegetarians (OR 0.618; 95% CI 0.503-0.760) and semi-vegetarians (OR 0.486, 95%  
CI 0.312-0.755) had a lower risk of diabetes than non-vegetarians. In non-Blacks  
vegan, lacto ovo and semi-vegetarian diets were protective against diabetes (OR  
0.429, 95% CI 0.249-0.740; OR 0.684, 95% CI 0.542-0.862; OR 0.501, 95% CI  
0.303-0.827); among Blacks vegan and lacto ovo vegetarian diets were protective  
(OR 0.304, 95% CI 0.110-0.842; OR 0.472, 95% CI 0.270-0.825). These associations  
were strengthened when BMI was removed from the analyses. 
CONCLUSION: Vegetarian diets (vegan, lacto ovo, semi-) were associated with a  
substantial and independent reduction in diabetes incidence. In Blacks the  
dimension of the protection associated with vegetarian diets was as great as the  
excess risk associated with Black ethnicity. 
 
Copyright © 2011 Elsevier B.V. All rights reserved. 
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BACKGROUND: The global prevalence of diabetes is high and rapidly increasing. Some 
previous studies have found that vegetarians might have a lower risk of diabetes than 
non-vegetarians. 
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OBJECTIVE: We examined the association between vegetarianism and risk of 
hospitalisation or death with diabetes in a large, prospective cohort study of British 
adults. 
 
METHODS: The analysed cohort included participants from the European Prospective 
Investigation into Cancer and Nutrition (EPIC)-Oxford study who were diabetes free at 
recruitment (1993-2001), with available dietary intake data at baseline, and linked 
hospital admissions and death data for diabetes over follow-up (n = 45,314). Participants 
were categorised as regular meat eaters (≥50 g per day: n = 15,181); low meat eaters 
(<50 g of meat per day: n = 7615); fish eaters (ate no meat but consumed fish: n = 7092); 
and vegetarians (ate no meat or fish, including vegans: n = 15,426). We used 
multivariable Cox proportional hazards models to assess associations between diet group 
and risk of diabetes. 
 
RESULTS: Over a mean of 17.6 years of follow-up, 1224 incident cases of diabetes were 
recorded. Compared with regular meat eaters, the low meat eaters, fish eaters, and 
vegetarians were less likely to develop diabetes (hazard ratio (HR) = 0.63, 95% 
confidence interval (CI) 0.54-0.75; HR = 0.47, 95% CI 0.38-0.59; and HR = 0.63, 95% CI 
0.54-0.74, respectively). These associations were substantially attenuated after adjusting 
for body mass index (BMI) (low meat eaters: HR = 0.78, 95% CI 0.66-0.92; fish eaters: 
HR = 0.64, 95% CI 0.51-0.80; and vegetarians: HR = 0.89, 95% CI 0.76-1.05). 
 
CONCLUSIONS: Low meat and non-meat eaters had a lower risk of diabetes, in part 
because of a lower BMI. 
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