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ARTICLE HIGHLIGHTS

» Current evidence on the association between vegetable intake and incident type 2 diabetes (T2D) is inconsistent
and weak.

+ We aimed to examine the relationship between intakes of vegetables/potatoes and incident T2D and explore
whether the relationship between vegetable intake and incident T2D is mediated by BMI.

« Higher vegetable, but not potato, intake was associated with lower risk of incident T2D. The underlying dietary
pattern and preparation method of potatoes are important to consider when examining associations between po-
tato intakes and diabetes.

* BMI partially mediated the association between vegetable intakes and incident T2D.
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Vegetable, but Not Potato, Intake
Is Associated With a Lower Risk
of Type 2 Diabetes in the Danish
Diet, Cancer and Health Cohort
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OBJECTIVE

To examine the relationship between intake of vegetables/potatoes and incident
type 2 diabetes (T2D) and explore whether the relationship between vegetable
intake and incident T2D is mediated by baseline BMI.

RESEARCH DESIGN AND METHODS

Cross-sectional associations between exposure (baseline intake of total vegetables,
vegetable subgroups, and potatoes) and baseline BMI were assessed by multivari-
able-adjusted linear regression models. Associations between exposure and incident
T2D were examined by multivariable-adjusted Cox proportional hazards models. Me-
diation by BMI was quantified through exploration of natural direct and indirect
effects.

RESULTS

Among 54,793 participants in the Danish Diet, Cancer and Health cohort, 7,695 cases of
T2D were recorded during a median follow-up of 16.3 years. Participants in the highest
total vegetable intake quintile (median 319 g/day) had a 0.35 kg/m? (95% ClI —0.46,
—0.24) lower BMI and a 21% (95% Cl 16, 26%) lower risk of incident T2D after multivar-
iable adjustment compared with those in the lowest quintile (median 67 g/day). Base-
line BMI mediated ~21% of the association between vegetable intake and incident
T2D. Participants in the highest compared with the lowest (median 256 vs. 52 g/day)
potato intake quintile had a 9% (95% Cl 2, 16%) higher risk of T2D after multivariable
adjustment, with no association found after accounting for underlying dietary pattern.
Of the vegetable subclasses, higher intake of green leafy and cruciferous vegetables
was associated with a statistically significantly lower risk of T2D.

CONCLUSIONS

The findings provide evidence that a higher vegetable, but not potato, intake might
help mitigate T2D risk, partly by reducing BMI.

The prevalence of diabetes, a leading cause of global morbidity, mortality, and health
care system burden (1), has risen over recent decades (2). The estimated prevalence
of diabetes among individuals age 20-79 years was 537 million in 2021 and is ex-
pected to rise to 643 million by 2030 (3). An increase in the consumption of ultrapro-
cessed foods (4) and a simultaneous decrease in the consumption of fruits and
vegetables (5,6) may be among the reasons for the global increase in type 2 diabetes
(T2D) incidence (1,7).
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A 2021 review emphasized the impor-
tance of plant-based foods and the incre-
ment of vegetables in the diet in reducing
the risk of T2D (7). This is supported by
findings from a large European study
based on selected biomarkers of fruits
and vegetables (a-carotene, B-carotene,
lutein), which suggest a higher intake of
vegetables may be inversely associated
with T2D (8). In contrast, two recent (2019
and 2021) meta-analyses (9,10) described
only nonsignificant or weak inverse associ-
ations between higher intake of total vege-
tables and green leafy vegetables (GLVs)
with incident T2D. The prospective studies
included in these meta-analyses were het-
erogeneous because of methodological dif-
ferences in the derivation of the estimates.
This variation in methodological approach
may have influenced the derived estimates.

Although findings from these meta-
analyses did not suggest that vegetables
and vegetable subgroups play an impor-
tant role in the prevention of T2D, a sta-
tistically significant positive association
between total potato intake and incident
T2D was reported (9,10). Of the 18 stud-
ies included in the meta-analyses, one in-
cluded potatoes in the total vegetable
category (11), whereas four studies (12—15)
affirmed the exclusion of potatoes. The
remaining 13 studies did not describe
whether potatoes were included or ex-
cluded from total vegetable intake (9,10).
Given the reported positive association
with T2D, inclusion of potato intake in the
estimation of total vegetable intake may
mask true inverse associations between
other vegetables and T2D. Furthermore,
all studies except two (11,13) adjusted
for BMI when observing the association
between vegetable intake and T2D (13,16).
Because BM likely lies on the causal path-
way, adjusting for it might remove, in
part, the association present between
vegetable intake and incident diabetes. In
addition, some of the studies failed to de-
scribe or account for underlying dietary
pattern. These flaws in exposure defini-
tion, discrepancies in statistical adjust-
ment for lifestyle/dietary variables, and
inconsistencies in outcome assessment
methods and sample selection may ex-
plain the lack of association reported in
many studies. Therefore, using the large
prospective Danish Diet, Cancer and
Health (DCH) study, the objectives of our
study were threefold: 1) to examine the
relationship between intake of vegetables
(total and subgroups) and incident T2D,

2) to examine separately the association
between intake of potatoes and incident
T2D, and 3) to understand whether the re-
lationship between vegetable intake and
incident T2D is mediated by baseline BMI.

RESEARCH DESIGN AND METHODS

Study Participants

The study population was composed of
the cohort from the DCH study, which re-
cruited 57,053 participants age 50-64 years
from the Copenhagen and Aarhus regions
of Denmark from 1993 to 1997 (17). This
study was initiated to examine the rela-
tionship between food and dietary com-
ponents and incidence of cancer and
other chronic diseases. Participants in the
study were invited using the Civil Registra-
tion System of Denmark, which assigns a
unique ID to all Danish inhabitants. Using
these unique IDs, data from the study
participants were linked to the National
Diabetes Register to facilitate the identifi-
cation of incident cases of diabetes (18).
This registry was complete on 1 January
1995, so we set our baseline to this
date for those recruited before 1995.
After excluding participants with preva-
lent diabetes or missing data (detailed
in Supplementary Methods), 54,793 par-
ticipants remained for analysis in the cur-
rent study (Supplementary Fig. 1).

Vegetable Intake Assessment

Participants completed a detailed 192-item
food frequency questionnaire (FFQ) at
baseline. The frequency of intake reported
by participants was adjusted through ad-
ditional global questions specifying total
intake of each food group (meat, fruit,
vegetables/salads, and so on). A minutely
designed recipe and portion size for each
food and beverage item was used to esti-
mate the daily intake of each food and
nutrient using FoodCalc software (19). Ex-
posures of interest in the current study
were total vegetables (excluding pota-
toes), subgroups of vegetables, total pota-
toes, and potatoes based on different
preparation methods (boiled, roasted, or
mashed potatoes and potato fries/chips),
expressed as grams per day. Individual
vegetable intake was quantified from the
responses to the FFQ on intake of a spe-
cific vegetable and intake of mixed dishes
with standard recipes. Vegetable juices
(carrot and tomato) were included in both
total vegetable and vegetable subgroups.
Individual vegetable intake was then
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categorized into the following subgroups:
GLVs, cruciferous vegetables, yellow/or-
ange/red vegetables, allium vegetables,
other vegetables, and legumes, as per the
recommended dietary guidelines (20,21).
All vegetables, with and without the inclu-
sion of potatoes, were summed to esti-
mate

1) total vegetable intake and 2) total vege-
table plus potato intake.

Assessment and Definition of
Diabetes

A participant was considered as having
diabetes based on the criteria of the
National Diabetes Register, which was
complete from 1995 (18). Based on the
combined criteria of the National Diabetes
Register (detailed in Supplementary Meth-
ods), the overall positive predictive value
was 89% and the sensitivity was 86% for
diabetes diagnosis defined by presence in
the register (18). Studies have shown that
T2D incidence is higher among those age
>45 years (22), whereas T1D develop-
ment is rare among adults (23). Therefore,
incident diabetes cases in this study are
hereafter referred to as T2D because par-
ticipants were age >50 years at baseline.

Statistical Analysis
Baseline characteristics of cohort partici-
pants were summarized overall as well
as according to total vegetable (excluding
potatoes) intake. Two types of analyses
were performed: a cross-sectional analy-
sis and a time-to-event analysis. Firstly, a
cross-sectional analysis was performed to
examine the relationship between total
vegetable (excluding potatoes) intake and
baseline BMI; the exposure vegetable in-
take was fitted as quintiles, whereas BMI
was fitted as a continuous response vari-
able to obtain estimates for each quintile,
considering the lowest quintile as a refer-
ence. Estimation of P values for a linear
trend was achieved by the Wald test, as-
signing a median value for each quintile
of vegetable intake and treating it as a
continuous predictor. Secondly, for the
time-to-event analysis, Cox proportional
hazards models were used to investigate
the associations of baseline intake of to-
tal vegetables (excluding potatoes), sub-
groups of vegetables, total potatoes, and
potatoes based on different preparation
methods with incident T2D.

In total, 54,793 participants underwent
follow-up from baseline until either date
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of T2D diagnosis, death, or end of follow-
up (31 December 2012), whichever came
first. Baseline was first baseline visit date
or 1 January 1995, whichever came last,
because the National Diabetes Register
was incomplete until 1995. For this analy-
sis, continuous exposure variables were fit-
ted as restricted cubic splines (where the
median intake in the lowest quintile was
considered the reference) to allow for a
nonlinear relationship with the outcome
variable, incident T2D. The resulting hazard
ratios (HRs) (95% Cls) were graphed on
the y-axis, with vegetable intake (cut at
three SDs from the mean for visual sim-
plicity) on the x-axis. HRs and 95% Cls in
tables are presented for the median intake
in each quintile. The x* test comparing
nested models was used to test for non-
linearity. Log-log plots of the survival func-
tion were assessed for parallel appearance
to test the assumptions of the Cox propor-
tional hazards model, with no violations
observed.

The following modeling strategy was
used for the time-to-event analysis:
model la adjusted for sex and age;
model 1b adjusted for sex, age, smok-
ing status, alcohol consumption, educa-
tion level, physical activity level, and
use of hormone replacement therapy
(HRT); model 2 adjusted for the covari-
ates in model 1b plus BMI; and model 3
adjusted for the covariates in model 1b
plus intake of whole grains, refined
grains, red meat, processed meat, poul-
try, dairy, fish, vegetable oil, animal fats,
sugar and confectionery, soft drinks,
fruit, coffee, and tea and intake of all
other exposures except the exposure of in-
terest (covariate assessment detailed in
Supplementary Methods). We used an all-
components model approach (i.e., adjust-
ment for food groups specified in model 3,
excluding the exposure food group), be-
cause it provides unbiased estimates com-
pared with other methods of energy
adjustment (24) and accounts for un-
derlying dietary pattern. Covariates
were selected a priori based on prior
evidence of their relationship with both
vegetable intake and T2D, and continuous
covariates were modeled with restricted
cubic splines. To examine potential effect
modification by sex and BMI, multiplica-
tive interaction terms were added to
model 1b and assessed using the x° test
comparing nested models. Furthermore,
analyses were stratified by sex, and
the HRs are presented. We investigated

whether the association between vege-
table intake (quintiles) and incident T2D
was mediated by baseline BMI (continu-
ous) when 1) the exposure was signifi-
cantly inversely associated with both BMI
and incident T2D and 2) the association
between the exposure and incident T2D
was attenuated when BMI was included
as a covariate in the model. The media-
tion proportion was quantified using nat-
ural direct and indirect effects (25),
where the natural direct effect estimated
whether a substantial association would
be observed if vegetable intake had no
impact on BMI and the natural indirect
effect estimated if vegetable intake only
had an impact on T2D through its impact
on BMI. For the estimation, Cox propor-
tional hazards models within the Medflex
package of R software (26) were used
with bootstrapping (1,000 iterations) to
compute 95% Cls.

Logistic regression models were fitted
to obtain the predicted 15-year risk of
T2D stratified by sex for each subgroup
(BMI <30 and =30 kg/m?). For the risk
estimate, a binary outcome of incident
T2D (=15 years) was used as a response
variable; the estimate was for an average
participant of the cohort, age 56 years,
nonsmoking, nonuser of HRT, with a phys-
ical activity total metabolic equivalent score
of 56, an alcohol intake of 13 g/day, and
8-10 years of completed education.

Furthermore, a sensitivity analysis was
performed using only confirmed cases by
excluding T2D cases with least sensitiv-
ity/positive predictive value (n = 1,861;
24% of cases) (detailed in Supplementary
Methods). In addition, some supplementary
analyses were performed to evaluate the in-
fluence of the Nordic diet index, exposure
definition, and adjustment strategy for po-
tential dietary confounders (detailed in
Supplementary Methods).

The analyses were carried out in STATA/IC
16.1 (StataCorp LLC) and R statistics (R Core
Team; 2021). All P values are two tailed,
and the statistical significance level was set
t00.05.

Data and Resource Availability

Data described in the manuscript, code-
book, and analytic code will be made
available upon request pending applica-
tion and approval by the DCH Steering
Committee at the Danish Cancer Society.
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RESULTS

Among the 54,793 participants included
in this study, 7,695 (4,243 men and 3,452
women) cases of incident T2D were re-
corded from the National Diabetes Regis-
ter during 814,771 person-years of
follow-up. The median (interquartile
range [IQR]) length of follow-up was
16.3(15.6-17.1) years.

Table 1 lists the baseline characteristics
of the study participants across quintiles
of total vegetable (excluding potato) in-
take (g/day). In the entire population, the
median (IQR) intake of total vegetables
was 166 (107-237) g/day. Compared with
those in the lowest vegetable intake quin-
tile, participants in the highest quintile
were more likely to be female, be physi-
cally active, have a lower BMI, and have
a higher education attainment and were
less likely to be a current smoker. Addi-
tionally, participants in quintile 5 (Q5) of
total vegetable intake had a healthier un-
derlying dietary pattern; they consumed
fewer soft drinks, less processed meat,
and less animal fat and ate more whole
grains, fruit, vegetable oils, fish, poultry,
and dairy products compared with par-
ticipants in Q1 (Supplementary Fig. 2).
Likewise, participants in Q1 of potato
(excluding fries/chips) intake had a com-
paratively healthier diet than participants
in Q5 of potato intake.

The vegetable-eating pattern of this
population was characterized by a high
intake of potatoes, followed by yellow/or-
ange/red vegetables; legumes were the
least consumed (Supplementary Fig. 3).
The median (IQR) intake of the three
most consumed vegetables in this popula-
tion was as follows: potatoes, 125 (80—
182); tomatoes, 37 (23-55); and carrots,
21 (10-49) g/day (Supplementary Fig. 4).
Boiled potatoes were the most commonly
consumed form of potatoes in this popu-
lation. The median (IQR) and percentage
intake of the different potato forms (ex-
cluding fries/chips) were as follows: boiled
potatoes, 96 (54-125) and 68; mashed
potatoes, 12 (6—16) and 12; roasted pota-
toes, 12 (3—-16) and 10; and other forms
of potatoes or potatoes from mixed
dishes, 10 (4-18) g/day and 10%. Potato
fries/chips were the least consumed form
in this population (2 [1-5] g/day).

Association Between Vegetable
Intake and Incident T2D

The association between total vegetable
intake and incident T2D was inverse and
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Table 1—Baseline characteristics of the DCH cohort

Total vegetable intake quintile*

Total population Ql Q2 Q3 Q4 Q5
(N = 54,793) (n = 10,959) (n = 10,958) (n = 10,959) (n = 10,958) (n = 10,959)
Total vegetable intake, g/day 166 (107, 237) 67 (50, 81) 119 (107, 131) 166 (154, 177) 220 (204, 237) 319 (284, 376)
Male sex 25,955 (47.4) 5,888 (53.7) 5,650 (51.6) 5,220 (47.6) 5,009 (45.7) 4,188 (38.2)
Age, years 56 (52, 60) 57 (53, 61) 56 (52, 60) 55 (52, 60) 55 (52, 59) 55 (52, 59)
BMI, kg/m? 25.5 (23.2, 28.1) 25.9 (23.5, 28.8) 25.7 (23.5, 28.4) 25.5 (23.3, 28.0) 25.3 (23.1, 27.8) 25.1 (22.9, 27.7)
MET score 56.5 (37.0, 85.0) 49.5 (30.5, 77.8) 54.0 (35.0, 81.5) 56.0 (37.5, 82.5) 59.5 (40.0, 86.8) 64.2 (43.0, 93.9)

Smoking status

Never 19,273 (35.2) 3,066 (28.0) 3,661 (33.4) 3,987 (36.4) 4,272 (39.0) 4,287 (39.1)

Former 15,745 (28.7) 2,580 (23.5) 2,969 (27.1) 3,190 (29.1) 3,357 (30.6) 3,649 (33.3)

Current 19,775 (36.1) 5,313 (48.5) 4,328 (39.5) 3,782 (34.5) 3,329 (30.4) 3,023 (27.6)
Education, years

=7 17,955 (32.8) 5,152 (47.0) 3,994 (36.4) 3,405 (31.1) 2,835 (25.9) 2,569 (23.4)

8-10 25,300 (46.2) 4,695 (42.8) 5,206 (47.5) 5,292 (48.3) 5,251 (47.9) 4,856 (44.3)

>10 11,538 (21.0) 1,112 (10.1) 1,758 (16.0) 2,262 (20.6) 2,872 (26.2) 3,534 (32.2)
Hypertension 8,601 (15.7) 1,750 (16.0) 1,711 (15.6) 1,742 (15.9) 1,702 (15.5) 1,696 (15.5)
Hypercholesterolemia 3,939 (7.2) 765 (7.0) 808 (7.4) 797 (7.3) 780 (7.1) 789 (7.2)
Medication use

NSAIDs including aspirin 17,753 (32.6) 3,412 (31.4) 3,455 (31.7) 3,509 (32.2) 3,648 (33.5) 3,729 (34.2)

Antihypertensives 6,444 (11.8) 1,329 (12.1) 1,304 (11.9) 1,307 (11.9) 1,236 (11.3) 1,268 (11.6)

Statins 989 (1.8) 184 (1.7) 200 (1.8) 190 (1.7) 210 (1.9) 205 (1.9)
HRT use (women only)

Never 15,653 (54.3) 2,775 (54.7) 2,881 (54.3) 3,071 (53.5) 3,255 (54.7) 3,671 (54.2)

Current 8,690 (30.1) 1,478 (29.1) 1,580 (29.8) 1,758 (30.6) 1,820 (30.6) 2,054 (30.3)

Former 4,466 (15.5) 810 (16.0) 840 (15.8) 910 (15.9) 867 (14.6) 1,039 (15.4)

Unknown 29 (0.1) 8 (0.2) 7 (0.1) 0 (0.0) 7 (0.1) 7 (0.1)
Menopause (women only)

Postmenopausal 16,934 (58.7) 3,211 (63.3) 3,211 (60.5) 3,380 (58.9) 3,341 (56.2) 3,791 (56.0)

Premenopausal 4,721 (16.4) 626 (12.4) 828 (15.6) 928 (16.2) 1,115 (18.7) 1,224 (18.1)

Unknown 7,183 (24.9) 1,234 (24.3) 1,269 (23.9) 1,431 (24.9) 1,493 (25.1) 1,756 (25.9)
Dietary characteristics

Energy, kcal/day 2,270 2,041 2,189 2,256 2,367 2,493

(1,877, 2,717) (1,667, 2,461) (1,809, 2,612) (1,894, 2,690) (1,989, 2,811) (2,088, 2,971)

Intake, g/day

Whole grains 127 (86, 175) 112 (67, 159) 119 (81, 167) 131 (90, 174) 139 (102, 186) 152 (109, 199)
Refined grains 46 (29, 73) 44 (26, 85) 46 (29, 73) 45 (29, 69) 47 (31, 71) 48 (32, 70)
Red meat 78 (56, 107) 72 (53, 96) 79 (58, 106) 81 (60, 109) 82 (59, 112) 78 (54, 113)
Processed meat 25 (14, 40) 28 (17, 45) 27 (16, 42) 25 (15, 39) 23 (13, 37) 20 (11, 35)
Total dairy 296 (156, 561) 261 (116, 549) 280 (144, 554) 293 (157, 545) 314 (178, 567) 339 (202, 594)
Total fish 38 (25, 55) 29 (19, 43) 35 (24, 50) 39 (27, 55) 42 (29, 59) 47 (32, 68)
Poultry 18 (10, 27) 12 (7, 19) 16 (10, 25) 19 (12, 28) 21 (13, 32) 24 (14, 37)
Vegetable oils 5(1,9) 1(1,2) 2 (1, 6) 5(2, 8) 6 (2, 11) 9 (5, 13)
Animal fats 10 (1, 21) 13 (3, 23) 11 (3, 22) 11 (2, 21) 10 (1, 21) 7 (1, 19)
Sugar and confectionery 47 (27, 78) 43 (23, 75) 46 (27, 76) 47 (28, 78) 48 (29, 79) 49 (28, 81)
Soft drinks 8 (1, 29) 17 (2, 31) 16 (3, 30) 8 (2, 29) 7 (1, 29) 6 (1, 18)
Coffee 900 (500, 1,300) 900 (500, 1,300) 900 (500, 1,300) 900 (500, 1,300) 900 (500, 1,300) 500 (500, 900)
Tea 86 (3, 500) 16 (0, 200) 29 (3, 500) 86 (7, 500) 157 (16, 500) 200 (16, 500)
Fruit 170 (93, 280) 104 (45, 185) 143 (78, 233) 171 (102, 270) 196 (122, 301) 252 (156, 386)
Alcohol 13 (6, 31) 12 (3, 31) 13 (6, 31) 14 (7, 31) 14 (7, 31) 13 (6, 30)

Values are given as median (IQR) or n (%). HRT, hormone replacement therapy; MET, metabolic equivalent; NSAID, nonsteroidal anti-inflammatory
drug. *Total vegetable intake, excluding potatoes.

nonlinear (P < 0.001 for nonlinearity)
(Fig. 1); the steepness of the association
was greater for lower levels of vegetable
intake (<150 g/day), after which the

gradient declined, and the association
reached a plateau. After multivariable ad-
justment (model 1b), participants in the
highest total vegetable intake quintile had

a 21% lower risk of T2D (HRgsysa1 0.79;
95% Cl 0.74, 0.84) compared with partici-
pants in the lowest quintile (Table 2).
When BMI was included as an adjustment
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Figure 1—A-D: HRs based on cubic splines for the association between quintile of total vegetable intake (g/day) with (B and D) and without (A and
() potatoes, excluding BMI (model 1b) (A and B) and including BMI (model 2) (C and D) as a covariate with incident diabetes among participants in
the DCH study (N = 54,793). HRs are based on a Cox proportional hazards model adjusted for sex, age, physical activity, smoking status, alcohol sta-
tus, education level, and hormone replacement therapy and compare the amount of vegetable intake with the median intake in Q1. The x? test was
used to obtain P values for nonlinearity comparing the nested models.

covariate, the risk of T2D was 18% lower
for participants in the highest versus low-
est quintile of vegetable intake (Fig. 1 and
Table 2). As can be seen in Fig. 1, when
potatoes were included in the estimate of
total vegetable intake, participants in the
highest quintile had an 11% lower risk of
T2D compared with those in the lowest
quintile (HRqsysq1 0.89; 95% Cl 0.84, 0.95)
(Table 2). For all subgroups of vegetables,
except allium vegetables, participants in Q5
had a lower risk of incident T2D when com-
pared with participants in Q1 (Fig. 2 and
Table 2) after adjusting for demographic
and lifestyle confounders (model 1b). On
the contrary, the association remained in-
verse and significant only for GLVs and cru-
ciferous vegetables after adjustment for
potential dietary confounders (model 3).
Conversely, total potato (excluding
fries/chips) intake was nonlinearly posi-
tively associated with incident T2D (Fig. 2);
a 9% higher risk of T2D was observed for
participants in Q5 compared with those
in Q1 (HRasvsx 1.09; 95% Cl 1.02, 1.16;
model 1b) (Table 3). When considering dif-
ferent preparation methods, intake of po-
tato fries/chips as well as boiled, roasted,
and mashed potatoes was positively as-
sociated with incident T2D (Fig. 2). All
were statistically significant, except for

roasted potatoes. However, after account-
ing for underlying dietary pattern by ad-
justment for food groups, only mashed
potatoes and potato fries/chips were
statistically significant and positively as-
sociated with T2D. The association was
positive but nonsignificant for total pota-
toes (excluding fries/chips) and boiled po-
tatoes (model 3) (Table 2). A sensitivity
analysis including only confirmed cases
(Supplementary Table 1) strengthened the
association of total vegetable (excluding
potatoes) intake and T2D but diminished
it for potato intake and T2D.

Mediation Analysis Between
Vegetable Intake and BMI

The cross-sectional analysis between veg-
etables and BMI showed that their rela-
tionship was inverse and linear (P <
0.001 for trend) after multivariable adjust-
ment (Supplementary Table 2). Partici-
pants in Q5 had a 0.35 (95% Cl —0.46,
—0.24) kg/m? lower BMI than partici-
pants in Q1 of total vegetable intake
(model 1b). This inverse relationship was
present between all vegetable subgroups
and BMI, except allium vegetables, where
the relationship was positive and linear
(P < 0.001 for trend).

The mediation analysis showed that
BMI partially mediated the association
between vegetable intake and T2D. After
multivariable adjustment, 21% (95% ClI
12, 29%) of the association between to-
tal vegetable intake and T2D was medi-
ated through baseline BMI (model 1b)
(Supplementary Table 3). Among the veg-
etable subgroups that showed inverse as-
sociations with both baseline BMI and
incident T2D, the mediation explained by
BMI was highest for the association be-
tween GLVs (mediation proportion 36%;
95% Cl 28, 43%) and lowest for other
vegetables (mediation proportion 14%;
95% Cl 13, 34%) and incident T2D.

Association Between Vegetable
Intake and Incident T2D Upon
Stratification

The association between vegetable in-
take and T2D was present among both
men (HRgsys.q1 0.76; 95% Cl 0.70, 0.83)
and women (HRqsysq1 0.83; 95% Cl
0.75, 0.91; P > 0.05 for interaction). For
baseline BMI (P = 0.007 for interaction),
on an absolute scale, the difference in
the estimated risk of T2D was higher
among participants with a BMI =30
(5.2% men; 4.5% women) (Table 3) than
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Table 2—HRs of incident diabetes by quintile of vegetable and potato intake

Quintile
Q1 Q2 Q3 Q4 Q5
(n = 10,959) (n = 10,958) (n = 10,959) (n = 10,958) (n = 10,959)
Vegetable intake
Total vegetables
N of events 1,928 1,674 1,468 1,363 1,262
Intake, g/day 67 (0-94) 119 (94-142) 166 (142-190) 220 (190-257) 319 (257-1,739)
Model 1a Ref 0.84 (0.81, 0.88) 0.75 (0.72, 0.79) 0.69 (0.66, 0.73) 0.65 (0.61, 0.69)
Model 1b Ref 0.91 (0.87, 0.95) 0.86 (0.82, 0.91) 0.82 (0.78, 0.87) 0.79 (0.74, 0.84)
Model 2 Ref 0.91 (0.87, 0.96) 0.87 (0.83, 0.92) 0.85 (0.80, 0.90) 0.82 (0.77, 0.88)
Model 3 Ref 0.90 (0.86, 0.95) 0.85 (0.80, 0.90) 0.82 (0.76, 0.88) 0.78 (0.72, 0.85)
Total vegetables and potatoes
N of events 1,656 1,595 1,486 1,525 1,433
Intake, g/day 170 (0-212) 246 (212-276) 307 (276-339) 377 (339-425) 498 (425-2,119)
Model 1a Ref 0.93 (0.89, 0.97) 0.88 (0.84, 0.92) 0.85 (0.80, 0.89) 0.81 (0.76, 0.86)
Model 1b Ref 0.99 (0.95, 1.03) 0.96 (0.92, 1.01) 0.93 (0.88, 0.99) 0.89 (0.84, 0.95)
Model 2 Ref 0.99 (0.95, 1.03) 0.97 (0.93, 1.02) 0.95 (0.90, 1.01) 0.93 (0.87, 0.98)
Model 3 Ref 0.97 (0.93, 1.02) 0.95 (0.90, 1.00) 0.92 (0.87, 0.98) 0.89 (0.83, 0.95)
GLVs
N of events 1,997 1,642 1,501 1,337 1,218
Intake, g/day 2 (0-3) 5 (3-6) 9 (6-14) 19 (14-22) 29 (22-157)
Model 1a Ref 0.84 (0.80, 0.87) 0.71 (0.67, 0.76) 0.65 (0.61, 0.68) 0.60 (0.57, 0.64)
Model 1b Ref 0.91 (0.87, 0.94) 0.83 (0.78, 0.88) 0.78 (0.73, 0.82) 0.74 (0.69, 0.78)
Model 2 Ref 0.92 (0.88, 0.96) 0.86 (0.81, 0.92) 0.84 (0.79, 0.89) 0.81 (0.76, 0.87)
Model 3 Ref 0.96 (0.91, 1.01) 0.92 (0.84, 1.00) 0.88 (0.80, 0.97) 0.84 (0.76, 0.94)
Cruciferous vegetables
N of events 1,867 1,611 1,498 1,446 1,273
Intake, g/day 4 (0-6) 8 (6-11) 15 (11-18) 22 (18-26) 34 (26-186)
Model 1a Ref 0.86 (0.83, 0.90) 0.76 (0.72, 0.80) 0.73 (0.69, 0.77) 0.69 (0.65, 0.74)
Model 1b Ref 0.92 (0.88, 0.96) 0.86 (0.81, 0.91) 0.84 (0.79, 0.89) 0.81 (0.76, 0.86)
Model 2 Ref 0.93 (0.89, 0.97) 0.88 (0.83, 0.93) 0.87 (0.82, 0.92) 0.85 (0.80, 0.90)
Model 3 Ref 0.96 (0.91, 1.01) 0.93 (0.86, 1.01) 0.92 (0.85, 1.00) 0.91 (0.83, 0.99)
Yellow/orange/red vegetables
N of events 1,921 1,632 1,493 1,379 1,270
Intake, g/day 25 (0-36) 47 (36-57) 68 (57-81) 98 (81-120) 159 (120-1,377)
Model 1a Ref 0.84 (0.81, 0.88) 0.76 (0.72, 0.80) 0.71 (0.67, 0.75) 0.67 (0.63, 0.72)
Model 1b Ref 0.91 (0.88, 0.95) 0.86 (0.82, 0.91) 0.83 (0.78, 0.87) 0.80 (0.75, 0.85)
Model 2 Ref 0.92 (0.88, 0.96) 0.87 (0.83, 0.92) 0.85 (0.81, 0.90) 0.83 (0.78, 0.89)
Model 3 Ref 0.97 (0.92, 1.03) 0.95 (0.89, 1.03) 0.94 (0.87, 1.02) 0.92 (0.84, 1.01)
Allium vegetables
N of events 1,681 1,543 1,523 1,524 1,424
Intake, g/day 9 (0-13) 15 (13-19) 23 (19-28) 32 (28-39) 51 (39-184)
Model 1a Ref 0.94 (0.90, 0.98) 0.90 (0.85, 0.95) 0.89 (0.84, 0.94) 0.88 (0.83, 0.93)
Model 1b Ref 0.99 (0.95, 1.03) 0.99 (0.94, 1.05) 1.00 (0.94, 1.05) 0.99 (0.93, 1.06)
Model 2 Ref 0.98 (0.94, 1.02) 0.96 (0.91, 1.02) 0.96 (0.91, 1.01) 0.94 (0.88, 1.00)
Model 3 Ref 1.02 (0.97, 1.08) 1.05 (0.98, 1.13) 1.08 (1.01, 1.16) 1.11 (1.02, 1.20)
Other vegetables
N of events 1,825 1,635 1,497 1,387 1,351
Intake, g/day 9 (0-12) 15 (12-19) 22 (19-26) 31 (26-38) 48 (38-176)
Model 1a Ref 0.86 (0.83, 0.90) 0.77 (0.73, 0.81) 0.72 (0.69, 0.77) 0.69 (0.65, 0.73)
Model 1b Ref 0.93 (0.89, 0.97) 0.88 (0.83, 0.92) 0.85 (0.80, 0.90) 0.83 (0.78, 0.89)
Model 2 Ref 0.92 (0.88, 0.96) 0.88 (0.84, 0.93) 0.88 (0.83, 0.93) 0.86 (0.81, 0.92)
Model 3 Ref 0.94 (0.88, 0.99) 0.92 (0.84, 1.00) 0.94 (0.85, 1.03) 0.97 (0.86, 1.10)
Legumes
N of events 1880 1621 1456 1408 1330
Intake, g/d 3(0—75) 7(5—9) 11 (9 — 13) 16 (13 — 19) 24 (19 — 119)
Model 1a Ref 0.84 (0.80, 0.88) 0.75 (0.71, 0.79) 0.72 (0.68, 0.76) 0.69 (0.65, 0.73)
Model 1b Ref 0.91 (0.87, 0.95) 0.86 (0.81, 0.90) 0.84 (0.79, 0.89) 0.81 (0.76, 0.86)
Model 2 Ref 0.91 (0.87, 0.95) 0.87 (0.82, 0.92) 0.87 (0.82, 0.92) 0.84 (0.79, 0.90)
Model 3 Ref 0.99 (0.93, 1.06) 0.99 (0.90, 1.09) 0.99 (0.90, 1.10) 0.97 (0.87, 1.09)
Potato intake
All potatoes (except fries/chips)
N of events 1,385/10,959 1,404/10,958 1,511/10,959 1,611/10,959 1,784/10,958
Intake, g/day 52 (0-73) 87 (73-110) 125 (110-142) 163 (142-203) 256 (203-1,332)

Continued on p. 292
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Table 2—Continued

Quintile
Q1 Q2 Q3 Q4 Q5
(n = 10,959) (n = 10,958) (n = 10,959) (n = 10,958) (n = 10,959)
Model 1a Ref 1.00 (0.96, 1.05) 1.04 (0.99, 1.10) 1.10 (1.04, 1.16) 1.15 (1.08, 1.22)
Model 1b Ref 1.03 (0.99, 1.08) 1.07 (1.01, 1.13) 1.09 (1.03, 1.15) 1.09 (1.02, 1.16)
Model 2 Ref 1.03 (0.98, 1.08) 1.07 (1.01, 1.13) 1.11 (1.05, 1.17) 1.12 (1.05, 1.19)
Model 3 Ref 1.01 (0.96, 1.06) 1.03 (0.97, 1.09) 1.05 (0.99, 1.11) 1.04 (0.98, 1.12)
Boiled potatoes
N of events 1,653/12,662 1,614/12,628 1,144/8,489 1,623/10,685 1,661/10,329
Intake, g/d 21 (0-39) 54 (46-54) 96 (57-96) 125 (98-139) 225 (171-1,000)
Model 1a Ref 1.00 (0.95, 1.06) 1.07 (1.02, 1.13) 1.12 (1.05, 1.18) 1.13 (1.06, 1.21)
Model 1b Ref 1.04 (0.98, 1.09) 1.08 (1.02, 1.14) 1.10 (1.03, 1.16) 1.06 (1.00, 1.14)
Model 2 Ref 1.04 (0.98, 1.09) 1.10 (1.04, 1.16) 1.12 (1.05, 1.19) 1.10 (1.03, 1.17)
Model 3 Ref 1.01 (0.96, 1.07) 1.05 (0.99, 1.11) 1.06 (1.00, 1.13) 1.03 (0.96, 1.10)
Mashed potatoes
N of events 1,903/15,945 1,339/8,974 1,119/9,120 2,093/13,376 1,241/7,378
Intake, g/day 6 (0-6) 8 (8-8) 12 (12-12) 16 (16-30) 39 (39-369)
Model 1a Ref 1.01 (1.00, 1.02) 1.05 (1.02, 1.08) 1.09 (1.05, 1.13) 1.19 (1.12, 1.26)
Model 1b Ref 1.01 (1.00, 1.02) 1.04 (1.02, 1.07) 1.08 (1.04, 1.12) 1.16 (1.09, 1.23)
Model 2 Ref 1.00 (0.99, 1.02) 1.03 (1.00, 1.06) 1.06 (1.02, 1.10) 1.13 (1.06, 1.20)
Model 3 Ref 1.00 (0.99, 1.02) 1.02 (0.99, 1.04) 1.03 (0.99, 1.07) 1.07 (1.00, 1.14)
Roasted potatoes
N of events 1,912/14,642 1,709/12,118 922/7,624 1,870/12,319 1,282/8,090
Intake, g/day 2 (0-3) 5 (5-6) 12 (12-12) 16 (16-21) 27 (27-190)
Model 1a Ref 1.02 (0.99, 1.05) 1.05 (0.99, 1.11) 1.05 (1.00, 1.10) 1.06 (0.99, 1.13)
Model 1b Ref 1.03 (1.00, 1.06) 1.06 (1.00, 1.12) 1.06 (1.01, 1.11) 1.05 (0.99, 1.12)
Model 2 Ref 1.03 (1.00, 1.06) 1.06 (1.00, 1.12) 1.06 (1.00, 1.11) 1.05 (0.98, 1.12)
Model 3 Ref 1.00 (0.97, 1.03) 0.99 (0.93, 1.04) 0.98 (0.93, 1.03) 0.97 (0.90, 1.03)
Potato fries/chips
N of events 1,432/11,168 1,586/12,276 1,603/10,493 1,443/10,209 1,631/10,647
Intake, g/day 0 (0-1) 2 (1-2) 2 (2-3) 4 (3-7) 8 (7-84)
Model 1a Ref 1.08 (1.01, 1.17) 1.09 (1.01, 1.18) 1.12 (1.04, 1.21) 1.14 (1.06, 1.23)
Model 1b Ref 1.11 (1.03, 1.19) 1.12 (1.04, 1.21) 1.17 (1.09, 1.26) 1.20 (1.12, 1.30)
Model 2 Ref 1.05 (0.97, 1.13) 1.05 (0.98, 1.14) 1.08 (1.00, 1.16) 1.10 (1.02, 1.19)
Model 3 Ref 1.07 (1.00, 1.16) 1.08 (1.00, 1.17) 1.08 (1.00, 1.17) 1.08 (0.99, 1.18)

Values are given as n, n/N, median (IQR), or HR (95% Cl). HRs for the association between quintile of vegetable and potato intake (g/day)
and incident diabetes among participants of DCH study (N = 54,793) derived from restricted cubic splines based on Cox proportional hazards
model. Model 1a adjusted for sex and age; model 1b adjusted for sex, age, physical activity, smoking status, alcohol status, education level,
and hormone replacement therapy; model 2 adjusted for covariates in model 1b plus BMI; and model 3 adjusted for covariates in model 1b
plus intake (g/day) of whole grains, refined grains, red meat, processed meat, poultry, fish, dairy, vegetable oil, animal fats, sugar and confec-
tionery, soft drinks, fruit, tea, and coffee and intake of other exposures, except the exposure of interest.

among participants with a BMI <30 kg/m?
(2.2% men; 1.7% women).

Upon stratification by healthy Nordic
diet index categories, the associations
remained inverse for vegetable intake
and incident T2D across the categories
(Supplementary Table 4). The exclusion
of legumes from total vegetables slightly
attenuated the association between vege-
table intake and incident T2D, but the as-
sociation remained inverse and significant.
The conventional adjustment method of
including total energy intake and the
healthy Nordic diet index instead of all
component models strengthened the as-
sociations between vegetable and potato
intake and incident T2D (Supplementary
Table 5). Further adjustment for fiber
(g/day) and glycemic index attenuated

the association between vegetable in-
take and incident T2D, but the associa-
tion remained inverse and significant.
However, further adjustment for fiber
and glycemic index did not change the
association between potato intake and
incident T2D (Supplementary Table 5).

CONCLUSIONS

In this prospective study of 54,793 par-
ticipants with 7,695 cases of incident
T2D, we observed that a higher intake
of total vegetables (excluding potatoes)
was inversely associated with incident
T2D. Upon adjustment for demographic
and lifestyle confounders, participants
in the highest versus lowest quintile of
vegetable intake had a 21% lower risk
of T2D; this association plateaued at a

vegetable intake of 150-250 g/day. Higher
intake of GLVs and cruciferous vegetables
was inversely associated with T2D after
accounting for underlying dietary pattern.
On the contrary, total potato intake was
not significantly associated with T2D after
accounting for underlying dietary pattern.
Furthermore, higher total vegetable intake
and vegetable subgroup intake were in-
versely associated with baseline BMI, and
baseline BMI partially mediated the in-
verse association of total vegetable and
vegetable subgroup intake with incident
T2D.

Prior observational studies reported
discordant findings for the association
between total vegetable intake and inci-
dent T2D. The most recent meta-analysis
summarizing these studies only observed
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Figure 2—A—K: HRs based on cubic splines for the association between quintile of vegetable/
potato intake (g/day) with incident diabetes among participants in the DCH study (N = 54,793): GLV
(A), cruciferous vegetable (B), red/orange vegetable (C), other vegetable (D), legume (E), allium (F),
all potato (except fries/chips) (G), boiled potato (H), roasted potato (/), mashed potato (J), and po-
tato fries/chips (K) intake. HRs are based on a Cox proportional hazards model adjusted for sex,
age, physical activity, smoking status, alcohol status, education level, and hormone replacement
therapy and compare the amount of vegetable/potato intake with the median intake in Q1. The
X test was used to obtain P values for nonlinearity comparing the nested models.

a significantly lower risk of T2D when
vegetable intake was modeled as a cubic
spline, with a 12-14% lower risk ob-
served for vegetable intake between 200
and 400 g/day (9). This finding of a non-
linear association is somewhat similar to
the results of our study, where the in-
verse association was steeper for lower
intake, and no further decrease in risk
was observed for total vegetable intake
>250 g/day. Among the pooled prospec-
tive studies, only a large U.S.-based co-
hort (NIH-AARP [National Institutes of
Health—AARP] cohort; N = 401,909) (27)
and a cohort of Chinese women (Shang-
hai Women’s Study; N = 64,191) (28) re-
ported a lower risk of T2D with higher
total vegetable intake. Although the me-
dian vegetable intake in both the NIH-
AARP study and Shanghai Women'’s Study
(median 256 and 236 g/day, respectively
(9)) was higher compared with that in
our study (median 166 g/day), both stud-
ies observed a plateau in the association
at intake above the median, which is
somewhat similar to our findings. These
findings suggest that higher intake be-
yond a threshold may not provide added
benefits for lowering the risk of T2D. This
is important because a recent review
showed that almost 90% of countries
(119 of 136) have an average vegetable
intake below the World Health Organiza-
tion recommendation (=240 g/day) (29),
and the nonlinear nature of the associa-
tion observed in our study suggests that
individuals with a very low intake of veg-
etables at baseline will likely benefit the
most by increasing their vegetable intake.
In addition, we observed that individuals
with a higher vegetable intake had a
healthier underlying dietary pattern but
that the association between vegetable
intake and T2D was still inverse and sig-
nificant after accounting for all other die-
tary components. In regard to vegetable
subgroups, only the Shanghai Women'’s
Study (28) observed a lower risk of T2D
for higher intake of different vegetable
subgroups, namely GLVs, tomatoes, and
cruciferous, yellow, allium, and other veg-
etables. Conversely, we observed a posi-
tive association for allium vegetables,
which may be because intake of allium
vegetables from meat dishes was high in
our study, and higher meat consumption
is associated with higher incidence of T2D
(10). Contrarily, the 2021 meta-analysis
observed no association between the
vegetable subgroups and incident T2D,
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Table 3—15-year predicted risk of diabetes

Total vegetable intake

BMI, kg/m2 Q1 risk (95% ClI), % Q5 risk (95% ClI), % Risk difference, %
Men

>18.5 and <30 11.12 (10.30, 11.98) 8.90 (8.17, 9.68) 2.22

=30 32.59 (30.60, 34.65) 27.41 (25.46, 29.44) 5.18
Women

>18.5 and <30 8.24 (7.60, 8.93) 6.55 (6.02, 7.13) 1.69

=30 25.78 (24.03, 27.60) 21.33 (19.75, 23.01) 4.45

The 15-year predicted risk (%) of diabetes is based on logistic regression model. Estimates are
for a nonsmoking participant, age 56 years, who has completed 8-10 years of education, has a
total daily metabolic equivalent score of 56, has an alcohol intake of 13 g/day, and is not taking
hormone replacement therapy unless denoted by the stratification variable.

which could be due to fewer prospec-
tive studies reporting the association
between vegetable subgroups and inci-
dent T2D (two to eight studies for vege-
table subgroups vs. 17 studies for total
vegetables) (9).

In our study, total potato intake seemed
to be associated with the higher risk of
T2D. However, participants with higher
potato intake also had a higher con-
sumption of foods linked to a higher risk
of T2D, such as refined grains, red and
processed meat, and soft drinks (10).
This association with potatoes was atten-
uated after accounting for underlying di-
etary pattern. When considering different
preparation methods for potatoes in our
study, the association between boiled pota-
toes and T2D was attenuated, whereas as-
sociations remained significant for mashed
potatoes and potato fries/chips, even after
accounting for underlying dietary pattern.
A study of three U.S-based cohorts re-
ported weak positive associations between
boiled/baked/mashed potato intake and
T2D, but adjustment for the underlying
diet of participants in this U.S. study was
based on either dietary score or fewer
food groups (30) when compared with our
study. The all-components model used in
our study provides an unbiased estimate of
the effect of the exposures on outcome,
regardless of confounding by common die-
tary causes (24). This U.S-based study had
substantial influence in the 2019 and 2021
meta-analyses (9,10), leading to a signifi-
cant direct association between total po-
tato intake and incident T2D, which could
be misleading. Our findings on all potatoes
(excluding fried/chips) are in agreement
with those of a recent U.S-based Framing-
ham Offspring study (31), which observed
no association of potatoes with incident
T2D. However, their findings on the null

association of fried potatoes with incident
T2D are uncommon and require replica-
tion in other studies. Although potatoes
have a high glycemic index and have been
suggested to increase body weight when
consumed in excess (32), preparation
methods of potatoes and meal context
(how and with which other foods the po-
tatoes are consumed) affect total calorie
intake, glycemic load, energy density (cal-
ories consumed per gram of food), trans
fats, acrylamide formation, and associa-
tion with health outcomes. Additionally,
an intervention study observed that the
glycemic/insulinemic response to mashed
potatoes was influenced by other foods
consumed in concert, such as salad, pro-
tein, and fat content of the meal, indicat-
ing that meal context affects biological
response (33). Comparatively, boiled pota-
toes eaten without added fats provide
fewer calories and may be a healthier op-
tion to maintain a healthy weight than
mashed potatoes (which are often eaten
with added butter) or potato fries/chips
(which are high in unhealthy fats), be-
cause being overweight or obese is a risk
factor for T2D. Furthermore, potatoes are
rich in nutrients (34), and substituting re-
fined grains such as white bread/rice with
plain boiled potatoes might be a healthier
choice; however, additional studies are
required to evaluate the substitution ef-
fect. In fact, a 4-week single-blind ran-
domized clinical crossover trial suggested
better diet quality and no difference in
cardiometabolic health upon replacement
of refined grains with steamed/baked po-
tatoes (35). Our findings suggest that po-
tato intake may have a null effect, whereas
vegetables seem to protect against T2D.
The biological mechanism for the
inverse association between vegetable
consumption and T2D is not yet completely
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understood. However, findings from pre-
clinical studies suggest that an increase in
vegetable intake might help reduce body
weight, plasma glucose, and insulin resis-
tance, thereby regulating glucose-insulin
homeostasis and preventing diabetes
(36,37). Prior preclinical and prospective
studies stated that the beneficial effects
of vegetables might be due to the various
bioactive components present in vegeta-
bles, such as vitamin E (37), sulforaphane
(36), a-carotene, B-carotene, and vitamin
C (8). A recent study from eight European
countries suggested that, rather than a
single nutrient or phytochemical, several
bioactives in vegetables work together to
create a synergistic effect and help lower
T2D risk (8). Although it is well estab-
lished that inflammatory markers play
crucial roles in the pathogenesis of T2D
(38), a 2021 European study showed that
higher vegetable intake was associated
with better inflammatory profiles and that
this was mediated through the gut mi-
crobiome (39). Vegetables are also a rich
source of fiber, providing little to no en-
ergy, which helps to reduce overall en-
ergy consumption and thereby prevent
weight gain (40). However, our findings
on further adjustment for fiber and gly-
cemic index should be interpreted with
caution. Dietary fiber is a component of
food groups such as vegetables, fruit,
and whole grains, and a high degree of
multicollinearity exists among fiber/other
nutrients and food groups, making the
study findings difficult to interpret. We
further observed that BMI could be a
potential mediator, and our finding is in
agreement with those of a prior pro-
spective study (13), which suggested
that BMI likely lies on the causal path-
way of the association between vegeta-
ble intake and T2D.

Our study has several unique strengths.
They include a large sample size; a pro-
spective study design with 18 years of fol-
low-up; accumulation of sufficient cases
using a credible diabetes register, pro-
viding enough power to observe the
association; minimal loss to follow-up;
a homogenous population; detailed data
on vegetable intake; and availability of rel-
evant lifestyle and potential dietary con-
founders, reducing the source of bias and
confounding. Furthermore, we show that
inverse associations between vegetable in-
take and diabetes are present across the
categories of the healthy Nordic diet in-
dex, suggesting that the associations are
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not simply driven by a healthier/unhealth-
ier underlying dietary pattern. On the
other hand, the limitations of the study
need to be considered while interpreting
the results. Firstly, vegetable intake was
assessed by self-reported FFQ, and any er-
rors in the estimation of vegetable intake
would likely bias our associations toward
null. Secondly, the exposure was esti-
mated at baseline only, and participants
might have changed their diet during the
long follow-up period, which would intro-
duce estimation error that would likely
bias the observed associations toward
null. In addition, BMI was measured only
at baseline, and changes in BMI could not
be accounted for, which introduces uncer-
tainty into the temporality of the cross-
sectional and mediation analyses. Thirdly,
the National Diabetes Register does not
distinguish between T1D and T2D; how-
ever, given the age range of the cohort
(50-64 years at baseline), a vast majority
of the incident cases were assumed to be
T2D. Furthermore, given the prospective
nature of the cohort, conclusions regard-
ing the causal link between vegetable in-
take and T2D cannot be made. Lastly, the
observed inverse association between
vegetables and T2D could be in part due
to some participants’ better socioeconomic
setting, healthier lifestyle, and compara-
tively healthier dietary pattern, for which
we could not account. Although we ad-
justed for all potential dietary confounders,
residual confounding cannot be ruled out.

In conclusion, a higher intake of total
vegetables, GLVs, and cruciferous vegeta-
bles was statistically significantly associ-
ated with a lower risk of incident T2D,
whereas a higher intake of mashed pota-
toes and potato fries/chips was statisti-
cally significantly associated with a higher
risk of incident T2D, even after accounting
for underlying dietary pattern. BMI par-
tially mediated the association between
vegetable intake and incident T2D; there-
fore, prior cohort studies including BMI as
a covariate likely undermined the associa-
tion between vegetable intake and T2D.
Because total potato intake was not asso-
ciated and vegetable intake was inversely
associated with T2D, the inclusion of po-
tato intake within the total vegetable cate-
gory in studies may mask the association
between vegetable intake and T2D. In ad-
dition, both preparation method and
meal context are important when evaluat-
ing the association between potatoes and
T2D. Accounting for underlying dietary

pattern is crucial when observing the rela-
tionship between dietary exposures and
risk of disease incidence. The findings sup-
port current dietary recommendations en-
couraging the increased consumption of
vegetables other than potatoes to reduce
overweight and obesity and subsequent
T2D risk.
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