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We aimed to examine whether type 2 diabetes–prevention diet, a dietary pattern previously developed for
reducing type 2 diabetes risk, was associated with mortality in a US population. A population-based cohort of
86,633 subjects was identified from the Prostate, Lung, Colorectal, and Ovarian Cancer Screening Trial (1993–
2015). Dietary information was collected with a food frequency questionnaire. A dietary diabetes risk-reduction
score was calculated to ref lect adherence to this dietary pattern, with higher scores representing better adherence.
Hazard ratios (HRs) and absolute risk differences (ARDs) in mortality rates per 10,000 person-years were
calculated. After a mean follow-up of 13.6 years, 17,532 all-cause deaths were observed. Participants with the
highest versus the lowest quintiles of dietary diabetes risk-reduction score were observed to have decreased risks
of death from all causes (HR = 0.76, 95% CI: 0.72, 0.80; ARD: −81.94, 95% CI: −93.76, −71.12), cardiovascular
disease (HR = 0.73, 95% CI: 0.66, 0.81; ARD: −17.82, 95% CI: −24.81, −11.30), and cancer (HR = 0.85, 95%
CI: 0.78, 0.94; ARD: −9.92, 95% CI: −15.86, −3.59), which were modified by sex, smoking status, or alcohol
consumption in subgroup analyses (P for interaction < 0.05 for all). In conclusion, a type 2 diabetes–prevention
diet confers reduced risks of death from all causes, cardiovascular disease, and cancer in this US population.

mortality; primary prevention; prospective study; type 2 diabetes–prevention diet

Abbreviations: CI, confidence interval; DHQ, diet history questionnaire; HR, hazard ratio; PLCO, Prostate, Lung, Colorectal, and
Ovarian.

Type 2 diabetes is a major public health concern world-
wide and is a well-established predisposing factor for car-
diovascular disease (1) and cancer (2), which represent 2
leading global causes of death. Dietary behaviors play a
critical role in public health; unhealthy diet is ranked as
the most common cause of death in the US population (3).
Hence, it is essential to investigate the potential associations
of dietary behaviors with health outcomes.

A type 2 diabetes–prevention diet was proposed by Rhee
et al. in 2015 (4) and features high intakes of cereal fiber,
polyunsaturated fatty acids, coffee, and nuts and low intakes
of carbohydrates, trans-fatty acids, red and processed meat,
and sugar-sweetened beverages (4). Compared with other
established dietary patterns (e.g., the Mediterranean diet),
the type 2 diabetes–prevention diet captures key dietary
elements closely related to the risk of type 2 diabetes and

is developed primarily for facilitating the prevention of this
disease (4), resulting in inclusion of some components that
are not part of other established dietary patterns (e.g., coffee
and glycemic index); moreover, adherence to the type 2
diabetes–prevention diet could improve insulin sensitivity
and reduce inflammation levels (4–6). Recently, the type 2
diabetes–prevention diet was found to be associated with
reduced risks of hepatocellular carcinoma (7), breast cancer
(8), and pancreatic cancer (9). However, whether the type 2
diabetes–prevention diet is associated with mortality remains
unknown. Some studies have investigated the associations
between individual components of the type 2 diabetes–
prevention diet with the risk of mortality (10–16), but they
fail to consider the potential interactions among dietary com-
ponents. Therefore, assessment of dietary patterns, which
include multiple foods or nutrients simultaneously and thus
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can capture the potential interactions among them, may pro-
vide a more accurate estimate for diet-disease associations.

Hence, in this study, we aimed to examine the hypothesis
that adherence to the type 2 diabetes–prevention diet is
associated with all-cause and cause-specific mortality in the
US population.

METHODS

The results of the present study were reported in accor-
dance with the Strengthening the Reporting of Observational
Studies in Epidemiology statement (17).

Study population

Our study population was identified from the Prostate,
Lung, Colorectal, and Ovarian (PLCO) Cancer Screening
Trial, a large randomized clinical study with 10 enrollment
centers (St. Louis, Missouri; Honolulu, Hawaii; Denver,
Colorado; Pittsburgh, Pennsylvania: Marshfield, Wisconsin;
Birmingham, Alabama; Salt Lake City, Utah; Washington,
DC; Minneapolis, Minnesota; and Detroit, Michigan). This
trial was designed to investigate the potential beneficial
effects of selected screening exams on the risks of death from
prostate, lung, colorectal, and ovarian cancers. Study design
of the PLCO Cancer Screening Trial has been reported
elsewhere (18). Briefly, during November 1993 and Septem-
ber 2001, individuals aged 55–74 years were invited to
take part in this trial. A total of 154,887 individuals were
qualified for enrollment and individually randomized to the
intervention group or the control group in equal proportions,
with individuals in the intervention group receiving selected
screening exams while those in the control group received
usual care. All participants provided written informed con-
sent. The PLCO Cancer Screening Trial was approved by
the institutional review boards of the US National Cancer
Institute and each enrollment center.

The following participants were further excluded from
our study: 1) 4,918 participants failing to return a base-
line questionnaire, a baseline risk-factor questionnaire with
participant-reported information (e.g., demographic charac-
teristics and medical history); 2) 33,241 participants fail-
ing to return a diet history questionnaire (DHQ); 3) 5,221
participants with an invalid DHQ—the valid DHQ refers
to having a DHQ completion date, DHQ completion date
prior to death date, <8 missing frequency responses, and the
absence of extreme energy intake (top 1% and bottom 1%);
4) 9,684 participants with a history of cancer at baseline;
5) 2,046 participants with a history of stroke at baseline;
6) 7,886 participants with a history of heart attack at base-
line; and 7) 5,258 participants with a history of diabetes at
baseline. Finally, a total of 86,633 participants were included
(Figure 1). The reason for excluding participants with a
history of cancer, stroke, heart attack, or diabetes at baseline
was that they might alter their dietary habits after receiving
these diagnoses, which might result in reverse causation.

Calculation of dietary diabetes risk-reduction score

A dietary diabetes risk-reduction score was calculated
to quantify adherence to a type 2 diabetes–prevention diet

using the approach described in the literature (4). Briefly,
all participants were divided into 5 strata based on quin-
tiles of dietary intake of each component. For favorable
components (i.e., cereal fiber, ratio of polyunsaturated to
saturated fatty acids, coffee, and nuts), participants in the
highest stratum were awarded 5 points and those in the
lowest stratum were awarded 1 point; in contrast, for unfa-
vorable components (i.e., glycemic index, trans-fatty acids,
red and processed meat, and sugar-sweetened beverages),
participants in the highest stratum were awarded 1 point and
those in the lowest stratum were awarded 5 points (Web
Table 1, available at https://doi.org/10.1093/aje/kwab265).
An individual’s dietary diabetes risk-reduction score was
calculated as the sum of points for each dietary component,
with a range of 8–40 points. Higher scores suggest greater
adherence to the diet. Glycemic index was calculated as
described previously (19). Notably, in this study, sugar-
sweetened beverages referred to soft drinks or fruit drinks,
and cereal fiber referred to insoluble fiber. In addition,
given that higher consumption of fruits and vegetables has
been identified to be associated with a lower risk of type
2 diabetes (20), we calculated a modified dietary diabetes
risk-reduction score by regarding these 2 foods as favorable
components (Web Table 2).

In the PLCO Cancer Screening Trial, food or nutrient
intakes, including those used for the calculation of dietary
diabetes risk-reduction score, were evaluated at the study
baseline through the DHQ. The DHQ is a 137-item self-
administered food frequency questionnaire designed for
evaluating food and supplement consumption over the past
year; its validity had been confirmed elsewhere (21). Daily
food consumption for each participant was estimated by
multiplying food frequency by serving size; daily nutrient
intake was calculated based on 2 nutrient databases, namely
US Department of Agriculture’s 1994–1996 Continuing
Survey of Food Intakes by Individuals (22) and Nutrition
Data Systems for Research (23).

Outcome assessment

Mortality status of each participant was confirmed pre-
dominantly through a mailed annual study update form.
Participants failing to return this form were contacted repeat-
edly by telephone or e-mail. Moreover, mortality status was
adjudicated by periodic linkage to the US National Death
Index. The ninth revision of International Classification
of Diseases was applied to define the underlying causes
of death obtained from death certificates: cardiovascular
disease (codes 390–459) and cancer (codes 140–209).

Covariate assessment

Age at DHQ completion, alcohol consumption, single or
multivitamin supplement use, and food consumption were
collected with the above-mentioned DHQ. Of note, dietary
intakes of foods and nutrients were adjusted for energy
intake from diet with the residual approach (24) before data
analysis. Physical activity level was defined as total time of
moderate to vigorous activity per week, and was assessed
through a self-administered supplemental questionnaire.
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Subjects 55–74 Years of Age Who Were 
Invited to Participate in the PLCO Cancer 

Screening Trial

Individuals Excluded
History of PLCO cancers
Treatment for cancer (excluding squamous and 

basal cell skin cancer)
Participating in another cancer prevention or 

screening trial
Received a screening examination for 

colorectal or prostate cancer recently
Prior surgical resection of the whole prostate, 

whole colon, or 1 lung
Took finasteride in the past 6 months

Subjects Enrolled From 10 Screening 
Centers Across United States (n = 154,887)

Subjects Excluded (n = 68,254)
Failed to return the baseline questionnaire 

(n = 4,918)
Failed to complete a DHQ (n = 33,241)
Had an invalid DHQ (n = 5,221)
Had a diagnosis of cancer before 

completing a DHQ (n = 9,684)
Had a diagnosis of stroke before 

completing a DHQ (n = 2,046)
Had a diagnosis of heart attack before 

completing a DHQ (n = 7,886)
Had a diagnosis of diabetes before 

completing a DHQ (n = 5,258)

Subjects Included in This Study (n = 86,633)

Figure 1. Flow chart identifying subjects included in this study evaluating a type 2 diabetes–prevention diet and multiple causes of mortality, a
post hoc analysis of the Prostate, Lung, Colorectal, and Ovarian (PLCO) Cancer Screening Trial, United States, 1993–2009. The total number
of subjects for an exclusion category box was not available in the PLCO Cancer Screening Trial. DHQ, diet history questionnaire.

Healthy Eating Index 2015 and the plant-based diet index
were computed as described in the literature (25, 26). Sex,
ethnic group, marital status, body weight, height, educa-
tional level, smoking status, history of hypertension, family
history of cancer, and aspirin use were collected with a
self-administered baseline questionnaire. Body mass index
was calculated as body weight (kg) divided by height
squared (m2).

Statistical analysis

To minimize potential biases and maximize statistical
power, multiple imputation with chained equations was
applied to impute missing data under the assumption that
data were missing at random (the number of imputations =
25) (27); all variables involved in data analysis were
applied to yield imputed data sets. Web Table 3 shows the
distribution of covariates with missing values before and
after multiple imputation. Main data analyses were repeated
for participants with complete data to determine the potential
influences of data imputation on our results.

To evaluate the associations of the dietary diabetes risk-
reduction score with all-cause and cause-specific mortality,

hazard ratios (HRs) and 95% confidence intervals (CIs)
were calculated using a Cox proportional hazards regression
model, with follow-up time as time metric. In our study,
follow-up time was calculated as the difference between
DHQ completion date and death date, loss to follow-up, or
the end of follow-up (December 31, 2015), whichever came
first (Figure 2). In regression models, the dietary diabetes
risk-reduction score was split into quintiles, with the first
quintile as the reference group. For examining linear trends
in risk estimates across quintiles of dietary diabetes risk-
reduction score, the median of each quintile was assigned
to each participant in the quintile at first to yield an ordinal
variable, which was then treated as a continuous variable in
regression models for testing its significance. No evidence
suggesting the violation of the proportional hazards assump-
tion was found, using the Schoenfeld residuals method (all
P values for global test >0.05). Covariate selection for mul-
tivariable regression was based on the change-in-estimate
approach (28) and our knowledge of the existing literature.
Specifically, model 1 adjusted for age and sex; model 2
further adjusted for ethnic group, trial arm, educational level,
marital status, history of hypertension, family history of
cancer (only for all-cause and cancer mortality), aspirin
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Trial Entry

6,087 days

3,311 days

1,139 days

9 days

0 2,000 4,000 6,000

Supplemental Questionnaire Completion

Dietary History Questionnaire Completion

Time Metric for Cox Regression

Baseline Questionnaire Completion

Time, days

Death or Trial Exit

Figure 2. The timeline and follow-up scheme for this study evaluating a type 2 diabetes–prevention diet and multiple causes of mortality, a
post hoc analysis of the Prostate, Lung, Colorectal, and Ovarian Cancer Screening Trial, United States, 1993–2009. Note that the time span
between 2 events represents the average value of all subjects.

use, single or multivitamin supplement use, smoking status,
alcohol consumption, body mass index, physical activity,
and energy intake from diet; and model 3 further adjusted
for consumption of fruits, vegetables, tea, fish, and dairy.
We also performed an analysis treating body mass index as
a time-varying covariate (model 4). Moreover, we also cal-
culated absolute risk difference in mortality rate per 10,000
person-years for each HR from the above Cox regression
analysis and the below subgroup analysis using the method
described in the literature (29).

Prespecified subgroup analyses were performed after
stratifying for age (≥65 vs. <65 years), sex (male vs.
female), trial group (intervention group vs. control group),
history of hypertension (yes vs. no), body mass index (≥25
vs. <25), smoking status (current or past vs. never), and
alcohol consumption (heavy vs. no, light, or moderate).
For men, we defined light, moderate, and heavy alcohol
consumption as ≤6 g/day, >6 and ≤28 g/day, and >28
g/day, respectively; for women, we defined light, moderate,
and heavy alcohol consumption as ≤6 g/day, >6 and ≤14
g/day, and >14 g/day, respectively (30). A P for interaction
was estimated by comparing models with and without
multiplicative interaction terms prior to performing the
above-mentioned subgroup analyses to avert the possible
spurious subgroup differences.

Sensitivity analyses were performed to determine the
stability of our results: 1) including participants with a
history of cancer, stroke, heart attack, or diabetes at baseline;
2) excluding deaths observed within the first 5 years of
follow-up to determine the possibility of the observed asso-
ciation resulted from reverse causation; 3) excluding par-
ticipants with implausible energy intake from diet, defined
as <800 or >4,000 kcal/day for men and <500 or >3,500

kcal/day for women (31); 4) repeating analyses with a com-
peting risk regression model (only for cause-specific mor-
tality) to evaluate the potential influences of competing risk
bias; 5) adjustment for propensity score on crude model (all
covariates included in model 3 were applied to calculate
propensity score with logistic regression); 6) additionally
adjusting for Healthy Eating Index 2015 or plant-based
index in model 3 to test whether the observed associations
were mediated by diet quality, and 7) additionally adjusting
for intakes of polyunsaturated and saturated fatty acids per
reviewer’s suggestion.

To determine the main contributor(s) of the type 2
diabetes–prevention diet, we examined the association
between each component of this dietary pattern and the
risk of death separately. Statistical analyses were conducted
with STATA software (version 12.0; StataCorp LP, College
Station, Texas). The statistical significance level was set at
P < 0.05 under a 2-tailed test.

RESULTS

Participant characteristics

Participants in the highest versus the lowest quintiles of
dietary diabetes risk-reduction score were less likely to be
male, be married or living as married, be current smokers,
and have a history of hypertension but more likely to be
single or multivitamin supplement users, have lower body
mass index and energy intake from diet and had higher
educational level, alcohol consumption, physical activity
level, and Healthy Eating Index 2015 (Table 1). In addition,
compared with participants in the lowest quintile of dietary
diabetes risk-reduction score, those in the highest quintile
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had lower glycemic index and lower intakes of trans-fatty
acids, sugar-sweetened beverages, red and processed meat,
and saturated fatty acids but higher intakes of cereal fiber,
nuts, coffee, fruits, and vegetables.

Dietary diabetes risk-reduction score and all-cause and
cause-specific mortality

During 1,174,401.6 person-years of follow-up, we ob-
served a total of 17,532 all-cause deaths, of which 4,809
(27.4%) were attributable to cardiovascular disease and
5,719 (32.6%) to cancer (Table 2). The mean follow-
up was 13.6 (standard deviation, 3.2) years. The crude
death rates per 10,000 person-years were 149.28, 40.95,
and 48.70 for mortality from all causes, cardiovascular
disease, and cancer, respectively, which were obviously
lower than those from the National Institutes of Health–
AARP study, a contemporary US cohort study involving
521,120 participants (176.99, 53.03, and 62.66 deaths
per 10,000 person-years for mortality from all causes,
cardiovascular disease, and cancer, respectively) (32). In
the fully adjusting model, participants in the highest (5th)
vs. the lowest (1st) quintiles of dietary diabetes risk-
reduction score were found to be at lower risks of death
from all causes (HR = 0.76, 95% CI: 0.72, 0.80; P for trend
< 0.001; absolute risk difference = −81.94, 95% CI:
−93.76, −71.12), cardiovascular disease (HR = 0.73, 95%
CI: 0.66, 0.81; P for trend < 0.001; absolute risk difference
= −17.82, 95% CI: −24.81, −11.30), and cancer (HR =
0.85, 95% CI: 0.78, 0.94; P for trend < 0.001; absolute risk
difference = −9.92, 95% CI: −15.86, −3.59) (Table 2 and
Web Table 4). We obtained similar results when repeating
the above-mentioned Cox regression analyses in participants
with complete data (Web Table 5) and using the modified
dietary diabetes risk-reduction score (Web Table 6).

Subgroup analyses

Interestingly, subgroup analyses found that the inverse
association with cardiovascular mortality was more pro-
nounced in women than in men (P for interaction = 0.024),
whereas the inverse association with cancer mortality
was more pronounced among men than women (P for
interaction = 0.032) (Table 3 and Web Table 7). Moreover,
the inverse associations with all-cause (P for interaction =
0.023) and cancer (P for interaction = 0.023) mortality
were more pronounced among participants with heavy
alcohol consumption than those with no, light, or moderate
alcohol consumption. In addition, the inverse association
with cancer mortality was more pronounced among current
or past smokers than never smokers (P for interaction =
0.002). No significant interaction effect was found for
the remaining stratification factors (all P for interaction
> 0.05).

Sensitivity analyses

The initial associations of dietary diabetes risk-reduction
score with risks of death from all causes, cardiovascular

disease, and cancer did not change materially in a large range
of sensitivity analyses (Web Table 8).

Associations by each component of type 2
diabetes–prevention diet

Comparing quintile 5 to quintile 1, higher intake of cereal
fiber (HR = 0.79, 95% CI: 0.74, 0.85; P for trend < 0.001),
nuts (HR = 0.82, 95% CI: 0.78, 0.86; P for trend < 0.001),
or coffee (HR = 0.88, 95% CI: 0.84, 0.93; P for trend
< 0.001) was found to be associated with a lower risk of all-
cause mortality, whereas higher intake of sugar-sweetened
beverages (HR = 1.00, 95% CI: 0.95, 1.05; P for trend =
0.022) was found to be associated with a higher risk of all-
cause mortality (Table 4); moreover, an inverse association
was found for the ratio of polyunsaturated to saturated fatty
acids and all-cause mortality (HR = 0.84, 95% CI: 0.80,
0.89; P for trend< 0.001). A marginally significant positive
association was found for red and processed meat consump-
tion and all-cause mortality (HR = 1.01, 95% CI: 0.95,
1.07; P for trend = 0.052). Similar results were obtained
for cardiovascular and/or cancer mortality. No significant
associations with mortality from all causes, cardiovascular
disease, and cancer were found for glycemic index and
trans-fatty acid intake.

DISCUSSION

In this large prospective multicenter study with a mean
follow-up of up to 13.6 years, we found that greater adher-
ence to a type 2 diabetes–prevention diet, as indicated by
higher dietary diabetes risk-reduction score, was associated
with lower risks of death from all causes, cardiovascular
disease, and cancer. Subgroup analyses further found that
sex, smoking status, and alcohol consumption were effect
modifiers of the observed associations between dietary dia-
betes risk-reduction score and risks of death from all causes,
cardiovascular disease, and/or cancer.

Many previous studies in nutritional epidemiology focus
on the roles of individual foods or nutrients in health out-
comes. However, considering the potential antagonistic or
synergistic effects among dietary components and the fact
that individuals always consume a variety of foods simulta-
neously in their daily life, the health effects of a given dietary
pattern may be different from the sum of its individual com-
ponents (31). Therefore, dietary pattern evaluation possibly
could provide a better understanding for the roles of diets
in health outcomes. In fact, the advantages of analyzing the
dietary pattern in the field of public health are increasingly
being recognized. For example, the 2015 Dietary Guide-
line Advisory Committee made its dietary recommendations
based on dietary patterns rather than individual foods or
nutrients (33). A growing number of studies have shown
favorable associations of healthy dietary patterns with mor-
tality risk (34). For example, Patel et al. (35) recently found
that adherence to Dietary Approaches to Stop Hypertension,
the Alternate Healthy Eating Index, or the Mediterranean
diet was associated with a decreased risk of all-cause mortal-
ity. In this secondary analysis of the PLCO Cancer Screening
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Trial, we have assessed, to our knowledge for the first time,
the role of the type 2 diabetes–prevention diet in the risk
of mortality and we found that adherence to this dietary
pattern was associated with reduced risks of all-cause and
cause-specific mortality. Our findings are consistent with
those from previous studies (34, 35) and extend the favorable
associations between healthy dietary pattern and mortality to
a type 2 diabetes–prevention diet. Thus, our findings deepen
our understanding of the role of dietary exposures in relation
to the risk of type 2 diabetes in determining mortality risk.
Meanwhile, our findings suggest that increasing intakes of
cereal fiber, polyunsaturated fatty acids, coffee, and nuts
while decreasing intakes of carbohydrates, trans-fatty acids,
red and processed meat, and sugar-sweetened beverages may
be helpful for improving longevity, which is particularly
significant in that dietary behavior can be modifiable and
unhealthy diet is a leading cause of mortality in the US
population (3). In addition, our findings highlight the impor-
tance of adhering to a healthy dietary pattern in improving
health outcomes and provide some supporting evidence for
the recommendation of adhering to a healthy eating pattern
by the 2015–2020 US dietary guidelines (36).

In this study, we observed inverse associations with all-
cause or cause-specific mortality for the ratio of polyunsat-
urated to saturated fatty acids and intakes of cereal fiber,
nuts, and coffee, a positive association for sugar-sweetened
beverages, and a null association for glycemic index, which
are consistent with the results of previous studies (10–14, 16,
37). However, our study revealed a null association between
red and processed meat consumption and cardiovascular
mortality, which is inconsistent with a recent prospective
cohort study showing a significant positive association (for
tertile 3 vs. tertile 1, HR = 1.33, 95% CI: 1.19, 1.49) (38).
The inconsistency may be due to the difference in study
population; that previous study was conducted among UK
adults aged 40–69 years (38). It is also possible that the
positive association of red and processed meat consump-
tion with cardiovascular mortality observed in the previous
study (37) was due to incomplete adjustment for known
confounders (15), such as physical activity. In addition, our
study observed a null association of trans-fatty acid intake
with all-cause mortality, which is consistent with the results
from a prospective study in a British working population
(per 1-standard-deviation increase, HR = 1.07, 95% CI:
0.98, 1.18) (39) but is inconsistent with those from several
studies showing a positive association (11, 40, 41). The
exact reasons for the above phenomenon are unclear and
may be attributable to the differences in study population,
methodology, and/or the extent of adjustment for potential
confounders. Hence, more studies are needed to investigate
the associations of intakes of red and processed meat and
trans-fatty acid with all-cause and cause-specific mortality.

Interestingly, our study observed that the inverse associa-
tion with cardiovascular mortality was more pronounced in
women than in men, while the inverse association with can-
cer mortality was more pronounced in men than in women,
indicating that sex is an outcome-specific effect modifier
in our study setting. The exact reasons for this observa-
tion are unclear; it may be related to hormonal differences
between the sexes. As almost all women in this study were

postmenopausal, estrogen-level difference between men and
women is not expected to be a major driver for this observa-
tion. Instead, testosterone-level difference between the sexes
may be a key inducer. Indeed, observational studies have
found that testosterone replacement therapy is associated
with an increased risk of cardiovascular events (42) but
a decreased risk of aggressive prostate cancer (43); thus,
the relatively high testosterone level in men may atten-
uate the inverse association of the dietary diabetes risk-
reduction score with cardiovascular mortality but strengthen
the inverse association with cancer mortality. In addition,
our subgroup analyses found that the inverse association of
dietary diabetes risk-reduction score with cancer mortality
was more pronounced in current or past smokers or par-
ticipants with heavy alcohol consumption, suggesting that
diabetes-prevention diet may have interactions with smok-
ing and alcohol drinking in biological pathways. In fact, a
prospective cohort study also showed that the inverse asso-
ciation of adherence to Dietary Approaches to Stop Hyper-
tension diet with the risk of all-cause mortality was more
pronounced in smokers than in nonsmokers (44). Of note, we
cannot rule out a possibility that the above-mentioned inter-
actions are chance findings, although they are biologically
possible. Therefore, our findings from subgroup analyses
warrant further investigation.

Although the specific mechanisms underlying the inverse
associations of the type 2 diabetes–prevention diet with
risks of all-cause and cause-specific mortality remain to
be explored, intuitively, this dietary pattern possibly exerts
its mortality benefits through its individual components.
Human and experimental studies have suggested that poly-
unsaturated fatty acids are capable of improving insulin
resistance (45, 46). Moreover, coffee has been found to
inhibit inflammatory responses, possibly by reducing the
expression of inflammation-related genes (47) and the
release of inflammatory mediators (48). In addition, nut
consumption has been found to be associated with attenuated
oxidative stress (49), which may be through the modulation
of nuclear factor-kB and nuclear factor erythroid 2–related
factor 2/heme oxygenase-1 pathways (50). Collectively,
these facts suggest that the inverse association of the type 2
diabetes–prevention diet with mortality may be explained
by improved insulin resistance and decreased levels of
inflammation and oxidative stress. Nevertheless, it is also
possible that mortality benefits of adhering to this diet are
mediated, at least partly, by potential interactions among
individual components of the diet.

Our study has several limitations. First, food consumption
information used for the construction of dietary diabetes
risk-reduction score was evaluated once at baseline in our
study. As dietary habits can change over time, food con-
sumption evaluation at 1 time point may result in nondif-
ferential bias. Nonetheless, it has been suggested that the
approaches using baseline diet data only in general yield
a weaker association than do these using the cumulative
averages (51). In addition, in this study, nutrient intake was
assessed with the DHQ, a self-administered food frequency
questionnaire. However, this questionnaire did not contain
the essential information that was required to accurately
calculate intakes of some nutrients. For example, some trans
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fats are artificial and added into processed food products.
Thus, the content of trans fats in a food product may depend
on the brand of the product. However, the DHQ did not
contain this information. Hence, nutrient assessment by the
DHQ might be subject to measurement errors. Second, death
certificates were employed to obtain the underlying cause
of mortality in our study. Of note, the cause of mortality
from death certificates may be misclassified in some cir-
cumstances (52). Hence, our findings on the association
of dietary diabetes risk-reduction score with cause-specific
mortality might be susceptible to misclassification bias.
Moreover, the validity of mortality assessment in the PLCO
Cancer Screening Trial has not been confirmed, raising some
concerns on the accuracy of outcome ascertainment. Third,
in our study, all participants were US adults between the
ages of 55 and 74 years; moreover, 90.9% of participants
were non-Hispanic White, 36.6% were college graduates,
and 51.0% were current or past smokers. Therefore, our
findings may not be generalizable to other populations.
Fourth, as shown in Table 4, not all dietary components
were associated with all-cause or cause-specific mortality.
However, when constructing diabetes risk-reduction score,
we assumed that each component contributes equally to the
score. Thus, the score used in our study may not precisely
reflect the actual role of each dietary component in the
real world. Finally, as with any observational study, our
results might be influenced by residual confounding due
to unmeasured or unrecognized confounders, although a
wide range of potential confounders was controlled for.
In addition, it should be acknowledged that, based on our
findings, the causal association of adhering to a diabetes-
prevention diet with mortality risk cannot be established,
given the observational design of our study.

In conclusion, the dietary diabetes risk-reduction score
is inversely associated with the risks of death from all
causes, cardiovascular disease, and cancer in this US pop-
ulation. These findings suggest that adherence to a type 2
diabetes–prevention diet may serve as an attractive strategy
for improving longevity. Future studies should clarify the
relevant biological mechanisms and validate our findings in
other populations.
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