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OBJECTIVE

Insulin response is related to overall health. Diet modulates insulin response. We
investigated whether insulinemic potential of diet is associated with risk of all-
cause and cause-specific mortality.

RESEARCH DESIGN AND METHODS

We prospectively followed 63,464 women from the Nurses’ Health Study
(1986–2016) and 42,880 men from the Health Professionals Follow-up Study
(1986–2016). Diet was assessed by food frequency questionnaires every 4 years.
The insulinemic potential of diet was evaluated using a food-based empirical die-
tary index for hyperinsulinemia (EDIH), which was predefined based on predict-
ing circulating C-peptide concentrations.

RESULTS

During 2,792,550 person-years of follow-up, 38,329 deaths occurred. In the
pooled multivariable-adjusted analyses, a higher dietary insulinemic potential
was associated with an increased risk of mortality from all-cause (hazard ratio
[HR] comparing extreme quintiles: 1.33; 95% CI 1.29, 1.38; P-trend <0.001), car-
diovascular disease (CVD) (HR 1.37; 95% CI 1.27, 1.46; P-trend <0.001), and can-
cers (HR 1.20; 95% CI 1.13, 1.28; P-trend <0.001). These associations were
independent of BMI and remained significant after further adjustment for other
well-known dietary indices. Furthermore, compared with participants whose
EDIH scores were stable over an 8-year period, those with the greatest increases
had a higher subsequent risk of all-cause (HR 1.13; 95% CI 1.09, 1.18;
P-trend <0.001) and CVD (HR 1.10; 95% CI 1.01, 1.21; P-trend5 0.006) mortality.

CONCLUSIONS

Higher insulinemic potential of diet was associated with increased risk of all-
cause, CVD, and cancer mortality. Adopting a diet with low insulinemic potential
might be an effective approach to improve overall health and prevent premature
death.

According to the World Health Organization, of the 55.4 million deaths worldwide
in 2019, 55% were due to 10 top causes (1). Cardiovascular diseases (CVD) remain
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leading causes of death in the U.S. and
several other developed and developing
countries (1). Diet plays an essential role
in human health and diseases (2). Poor
diet is estimated as the leading cause of
premature death in the U.S. (3). Insulin
response plays an important role in the
development and progression of type 2
diabetes (T2D), CVD, and many types of
cancers (4–6). Major risk factors of pre-
mature death, such as poor diet, physical
inactivity, and obesity, contribute to insu-
lin resistance and compensatory hyperin-
sulinemia through stimulation of insulin
secretion, triglyceride synthesis, and fat
accumulation with downregulation of
insulin receptor and postreceptor signal-
ing (7).

Most previous studies have used the
glycemic index (GI) and glycemic load
(GL) as contributors to an acute insulin
response and reported discrepant find-
ings regarding health outcomes (8,9).
Several dietary patterns, such as a
healthy plant-based diet and the Medi-
terranean diet, were associated with
improved insulin response (10–12) and
lower risk of all-cause and CVD mortal-
ity (13,14). However, scores or indices
reflecting these dietary patterns were
not developed to comprehensively cap-
ture the overall insulinemic potential,
which might be an important mediator
linking diet and multiple chronic dis-
eases and conditions.

Our group previously developed an
empirical food-based dietary index for
hyperinsulinemia (EDIH), a weighted
dietary pattern score that maximally
predicts plasma C-peptide concen-
trations, irrespective of the macro-
nutrient content (15). C-peptide, a
valid marker of chronic insulin secre-
tion, has been implicated in the
pathogenesis of major chronic dis-
eases (16,17). The EDIH score has
been extensively applied in previous
studies, with robust results on risk of
chronic diseases (18–21). In the cur-
rent study, we investigated the associ-
ation of dietary insulinemic potential
with risk of all-cause and cause-spe-
cific mortality, and further evaluated
the association between changes in
dietary insulinemic potential and sub-
sequent all-cause and cause-specific
mortality in two large cohorts of U.S.
women and men.

RESEARCH DESIGN AND METHODS

Study Population and Design
The Nurses’ Health Study (NHS) is an
ongoing cohort study consisting of 121,
700 female nurses aged 30–55 years at
enrollment in 1976. The Health Profes-
sionals Follow-up Study (HPFS) is a par-
allel cohort including 51,529 male
professionals aged 40–75 years at base-
line in 1986. In both cohorts, information
about medical history, lifestyle, and
health conditions has been collected by
self-administered questionnaire every 2
years since baseline. The cumulative fol-
low-up rates in both cohorts >90%.

For this analysis, we used 1986 as
the baseline for both cohorts. Partici-
pants were excluded if they died before
baseline, had a history of cancer, diabe-
tes, or CVD at or before baseline, had
missing dietary information, or had
implausible energy intakes (<600 or
>3,500 kcal/day in women, and <800
or >4,200 kcal/day in men). The study
protocol was approved by the Institu-
tional Review Boards of the Brigham
and Women’s Hospital and Harvard T.H.
Chan School of Public Health and those
of participating registries as required.
The completion of self-administered
questionnaires was considered to imply
informed consent.

Dietary Assessment and EDIH
Diet was assessed using validated semi-
quantitative food frequency question-
naires (FFQs) with >130 items admi-
nistered every 4 years. The questionnaires
inquired how often, on average, partici-
pants had consumed a specified portion
size of each food during the preceding
years to ascertain dietary intakes. The
overall reproducibility and validity of the
FFQ have been demonstrated in prior
studies using 24-h recalls and multiweek
weighted dietary records as reference
measurements of diet (22–24).

The EDIH score was developed in a
sample of 5,812 women in the NHS to
empirically capture the insulinemic
potential of the whole diet. Briefly,
EDIH was derived based on 39 prede-
fined food groups from FFQs by using
stepwise regression models to identify a
dietary pattern most predictive of circu-
lating C-peptide concentration, which is
considered a valid marker of long-term
insulin secretion. The EDIH score is a
weighted sum of 18 food groups (Sup-

plementary Table 1), with higher scores
indicating higher insulinemic potential
of the whole diet and lower scores sug-
gesting lower insulinemic potential. The
validity of EDIH was evaluated in 2 inde-
pendent cohorts and was strongly asso-
ciated with circulating C-peptide con-
centration (15). In the current study, we
calculated the EDIH score for each par-
ticipant using FFQs data in each 4-year
circle and also assessed changes in EDIH
scores from 1986 to 1994 to evaluate
their associations with subsequent risk
of death.

Ascertainment of Deaths
Deaths were identified from vital records
of states and the National Death Index
or reported by the participants’ families
and the U.S. postal system. This search
was supplemented by reports from next
of kin and postal authorities. Using these
methods, we were able to ascertain
>98% of the deaths in each cohort. A
physician, who was blinded to the data,
reviewed death certificates and medical
records to classify the cause of deaths
according to the International Classifica-
tion of Diseases, Eighth and Ninth Revi-
sion (ICD-8 and ICD-9). Death from CVD
was defined as code 390–458 (ICD-8) or
390–459 (ICD-9), and death from cancer
was defined as code 140–207 (ICD-8) or
140–208 (ICD-9).

Ascertainment of Covariates
Information on lifestyle and other poten-
tial risk factors was collected at baseline
and updated biennially during follow-up
through self-administrated questionnaires,
including age, body weight, smoking sta-
tus, physical activity, alcohol intake, aspi-
rin use, multivitamin use, menopausal
status and postmenopausal hormone use
(NHS only), family history of chronic dis-
eases (myocardial infarction, diabetes,
and cancer), baseline hypertension, and
baseline hypercholesterolemia in both
cohorts. BMI was calculated as weight in
kilograms divided by the square of the
height in meters.

Statistical Analysis
We calculated person-years of follow-up
from the date of the return of the base-
line questionnaire until the date of
death or the end of follow-up (June
2016 for NHS and January 2016 for
HPFS), whichever came first. We used
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the cumulative average of EDIH scores
calculated from baseline to the censor-
ing events to capture long-term dietary
intake and reduce within-person varia-
tion. Of note, EDIH scores were adjusted
for total energy intake using the residual
method. We used Cox proportional haz-
ards regression models to estimate haz-
ard ratios (HRs) and 95% CIs for quintiles
of EDIH in relation to all-cause and
cause-specific mortality risk, with the ref-
erence category being the lowest quin-
tile. The dose-response relationship of
EDIH with mortality risk was assessed
using restricted cubic spline regression.
All analyses were stratified by age in
month and calendar year. In the multi-
variable-adjusted model, we adjusted for
race (White and non-White), smoking
status (never, past, or current), current
aspirin use (yes or no), physical activity
(<3, 3–9, 9–18, 18–27, $27 MET/week),
multivitamin use (yes or no), meno-
pausal status and postmenopausal hor-
mone use (premenopausal, postmeno-
pausal [never, past, or current hormone
use], NHS only), family history of myo-
cardial infarction (yes or no), family his-
tory of diabetes (yes or no), family
history of cancer (yes or no), baseline
hypertension (yes or no), and baseline
hypercholesterolemia (yes or no). Addi-
tionally, we ran a multivariable-adjusted
model further adjusting for BMI (<23,
23–25, 25–30, 30–35, $35 kg/m2). Test
for trend was evaluated by assigning the
median value to each quintile and
modeling it as a continuous variable.
For the analyses of changes in the

dietary insulinemic potential, we set the
initial cycle at 1986 and the baseline at
1994. We calculated the difference in
EDIH scores over this 8-year period and
categorized it into quintiles from the
largest decrease (quintile 1) to the larg-
est increase (quintile 5). Cox propor-
tional hazards regression models were
used to estimate HR and 95% CI for the
association between EDIH changes and
mortality risk. The Cox models were
stratified by age and calendar year and
adjusted for the initial (1986) EDIH
score, race, smoking status (never-
never, never-past, past-past, current-
past, never-current, past-current, or cur-
rent-current), initial and changes in
physical activity (quintiles), family his-
tory of myocardial infarction, diabetes,
or cancer, baseline (1994) aspirin use,
multivitamin use, and menopausal sta-

tus and postmenopausal hormone use
(NHS only), baseline hypertension or
hypercholesterolemia, initial BMI, and
weight changes (quintiles). We also exam-
ined associations of 12-year (1986–1998;
baseline, 1998) and 16-year (1986–2002;
baseline, 2002) changes in the EDIH score
with subsequent total and cause-specific
mortality.

We performed several sensitivity
analyses to test the robustness of our
findings. First, we performed subgroup
analyses and assessed statistical interac-
tions according to cohort, BMI, alcohol
intake, and physical activity. Second, we
additionally adjusted for the consump-
tion of food groups that are the major
contributors to the EDIH (alcohol, cof-
fee, red and processed meat, and fruits
and vegetables) to assess whether any
of these components are mostly or
entirely accounting for the association
of EDIH with mortality. Third, we
adjusted for Alternate Healthy Eating
Index (AHEI), alternate Mediterranean
Diet (aMED), and Dietary Approaches to
Stop Hypertension (DASH) to examine
the added value of EDIH over the well-
known dietary scores in overall health
condition. Finally, we stopped updating
diet after diagnosing intermediate out-
comes (diabetes, CVD, and cancers) and
conducted 4-year lag analyses to mini-
mize reverse causation from existing
health conditions.

Analyses were performed separately
in each cohort and then pooled to obtain
the overall effect using a fixed-effect
model. However, we pooled the data for
the restricted cubic spline regression and
subgroup analysis. All analyses were con-
ducted using SAS 9.4 statistical software
(SAS Institute). Statistical tests were two-
sided, and P values of <0.05 were con-
sidered to indicate statistical significance.

RESULTS

Our study included 63,464 women from
the NHS and 42,880 men from the
HPFS. Participants’ characteristics acc-
ording to quintiles of EDIH score during
follow-up are reported in Table 1. Com-
pared with participants with lower EDIH
scores, those in the highest quintile
tended to have higher BMI and lower
physical activity levels and were more
likely to have a family history of diabetes.
They also reported less consumption of
dietary fiber, alcohol, and coffee, but

higher intake of red meat and processed
meat. During 30 years of follow-up
(2,792,550 person-years), we documented
38,329 deaths in the two cohorts, includ-
ing 9,153 deaths from CVD and 11,534
deaths from cancers.

Age-adjusted and multivariable-adjusted
analyses showed a consistently positive
association between EDIH and mortality
risk (Table 2). The pooled multivariable-
adjusted HRs (95% CIs) for participants in
the highest quintile of EDIH compared
with those in the lowest quintile were
1.33 (95% CI 1.29, 1.38; P-trend <0.001)
for all-cause mortality, 1.37 (95% CI 1.27,
1.46; P-trend <0.001) for CVD mortality,
and 1.20 (95% CI 1.13, 1.28; P-trend
<0.001) for cancer mortality. Additional
adjustment for BMI did not materially
alter the associations between EDIH and
mortality risk. We observed a linear rela-
tionship between EDIH and risk of mortal-
ity from all-cause, CVD, and cancer (all P
for linearity <0.001) (Fig. 1A). For each 1-
SD increase in EDIH scores, all-cause, CVD,
and cancer mortality risk was higher by
15% (HR 1.15; 95% CI 1.13, 1.16), 14%
(HR 1.14; 95% CI 1.10, 1.18), and 9% (HR
1.09; 95% CI 1.06, 1.12), respectively.

The strong associations between EDIH
and risk of all-cause and cause-specific
mortality persisted across cohorts and
strata of BMI, alcohol intake, and level of
physical activity (Fig. 1B) when we further
adjusted for the consumption of food
items that were major contributors to the
EDIH scores (alcohol, coffee, red and
processed meat, and fruits and vegeta-
bles) (Supplementary Table 2), when we
stopped updating diet after the develop-
ment of intermediate outcomes including
diabetes, CVD, and cancers (Supple-
mentary Table 3), or when we introduced
a 4-year lag between the dietary expo-
sure and death outcome (Supplementary
Table 4). Further adjustment for other
dietary scores, including AHEI (r for the
correlation with EDIH 5 �0.41 in NHS
and �0.45 in HPFS), aMED (r for the cor-
relation with EDIH 5 �0.31 in NHS and
�0.36 in HPFS), and DASH (r for the cor-
relation with EDIH 5 �0.45 in NHS and
�0.47 in HPFS), did not change the asso-
ciations between EDIH and subsequent
risk of death from all-cause, CVD, and
cancer (Supplementary Table 5).

In the analyses for association
between changes in EDIH score and
mortality risk, compared with partici-
pants whose EDIH scores were relatively
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stable (quintile 3), those with the great-
est increase (quintile 5) had a signifi-
cantly higher risk of all-cause mortality
(HR 1.13; 95% CI 1.09, 1.18; P-trend
<0.001) and CVD mortality (HR 1.10;
95% CI 1.01, 1.21; P-trend 5 0.006)
(Supplementary Table 6). These positive
associations persisted after further
adjusting for weight change or introduc-
ing a 4-year lag (Supplementary Table
7). When we examined the joint associ-
ation of scores at the initial assessment
and 8 years later, compared with partici-
pants who had consistently low EDIH
scores over time, participants with the
largest increase in EDIH (low to high)
had 20% higher risk of all-cause mortal-
ity (HR 1.20; 95% CI 1.12, 1.28) and
28% higher risk of CVD mortality (HR

1.28; 95% CI 1.12, 1.47) (Fig. 2A). There
were no significant associations bet-
ween change in EDIH and cancer-re-
lated deaths. We observed similar asso-
ciations between changes in EDIH scores
over 12- and 16-year periods and subse-
quent mortality risk (Fig. 2B).

CONCLUSIONS

In the current study, we found that a
higher dietary insulinemic potential was
associated with a higher risk of all-cause
and cause-specific mortality. Compared
with individuals consuming a diet with
low insulinemic potential, those con-
suming hyperinsulinemia diets had a
33%, 37%, and 20% higher subsequent
risk of all-cause, CVD, and cancer mor-
tality, respectively. Results were con-

firmed by not further updating dietary
scores after the diagnosis of intermedi-
ate outcomes or introducing a 4-year
time lag. Furthermore, compared with
participants whose EDIH scores remained
stable over an 8-year period, those with
the greatest increases had a higher sub-
sequent risk of all-cause and CVD mor-
tality.

Numerous studies have examined the
association of various dietary patterns
with mortality risk. Meta-analyses of
prospective cohort studies reported
that high adherence to healthy dietary
patterns, including AHEI, aMED, and
DASH, were associated with a 17 to
26% reduction in the risk of death from
any cause (25,26). A similar reduction of
risk was also observed in a pooled

Table 1—Age-adjusted characteristics of participants across the entire follow-up period, according to quintiles of the EDIH
score in the NHS (1986–2016) and the HPFS (1986–2016)*

NHS HPFS

Quintile 1 Quintile 3 Quintile 5 Quintile 1 Quintile 3 Quintile 5

Age, years 66.1 (10.5) 65.5 (10.8) 62.9 (10.5) 65.9 (11.4) 65.0 (11.6) 62.4 (11.3)

BMI, kg/m2 23.7 (3.4) 25.3 (4.2) 27.4 (5.3) 25.0 (3.1) 25.8 (3.3) 26.8 (3.9)

Physical activity, MET-h/week 21.8 (20.5) 16.3 (16.3) 13.3 (13.8) 36.3 (32.3) 29.3 (27.2) 27.1 (28.4)

White, % 98.3 97.7 97.6 95.4 94.9 95.0

Current smoking, % 11.2 10.3 12.4 4.2 4.9 6.2

Current aspirin use (yes), % 51.9 51.0 48.1 58.9 59.2 57.0

Multivitamin use (yes), % 60.5 58.6 53.9 58.1 55.7 51.2

Baseline hypertension, % 17.1 21.7 27.3 16.2 17.9 18.8

Baseline hypercholesterolemia, % 10.7 10.9 10.9 11.6 10.0 9.0

Family history of

myocardial infarction (yes), % 25.7 26.2 26.3 32.9 31.6 31.1

Family history of diabetes (yes), % 25.9 28.5 31.1 18.1 18.8 19.0

Family history of cancer (yes), % 48.5 48.1 46.2 25.1 26.2 24.2

Any use of postmenopausal hormone (yes), % 62.4 62.0 61.0 NA NA NA

Dietary intake

Total energy, kcal/day 1,850 (451) 1,668 (442) 1,818 (474) 2,104 (546) 1,885 (527) 2,103 (583)
Total carbohydrates, g/day† 207.1 (30.9) 203.5 (24.9) 190.2 (26.2) 256.8 (42.9) 243.6 (34.9) 226.5 (34.8)
Total protein, g/day† 70.5 (10.0) 74.0 (10.3) 75.4 (11.7) 85.7 (13.3) 90.4 (12.9) 93.7 (14.5)
Total fat, g/day† 51.7 (9.3) 55.1 (8.2) 60.1 (8.5) 62.6 (12.9) 69.8 (11.0) 77.0 (11.0)

Saturated fat, g/day† 17.4 (4.4) 18.8 (3.7) 20.9 (3.7) 20.1 (5.8) 23.3 (4.9) 26.4 (4.8)
Monounsaturated fat, g/day† 19.5 (4.1) 20.8 (3.6) 22.9(3.7) 24.2 (5.7) 27.0 (4.8) 30.0 (4.8)
Polyunsaturated fat, g/day† 10.2 (2.4) 10.5 (2.2) 10.9 (2.3) 12.8 (3.3) 13.2 (2.8) 13.6 (2.7)

Total fiber, g/day† 20.4 (5.6) 18.5 (4.3) 16.1 (3.7) 25.4 (7.7) 21.9 (5.7) 18.9 (4.7)
Alcohol, g/day 10.4 (12.0) 4.6 (7.7) 3.7 (7.7) 16.8 (16.8) 10.2 (12.5) 8.1 (11.9)
Coffee, servings/day 3.0 (1.7) 2.2 (1.5) 1.5 (1.4) 4.3 (2.4) 3.2 (2.3) 2.3 (2.3)
Red meat, servings/week 2.3 (1.6) 2.9 (1.7) 4.2 (2.4) 2.8 (2.0) 3.9 (2.3) 6.3 (3.4)
Processed meat, servings/week 1.1 (1.1) 1.5 (1.3) 2.6 (2.2) 1.3 (1.4) 2.0 (1.8) 3.7 (3.4)

Data are presented as mean (SD) for continuous variables and percentage of participants for categorical variables. NA, not applicable. *All
variables are standardized to the age distribution of the study population, except for age. EDIH scores were adjusted for energy intake using
the residual method. †Energy-adjusted values.
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analysis that showed improved adher-
ence to these dietary patterns over 12
years was consistently associated with a
decreased risk of all-cause and cause-spe-
cific mortality (27). However, previous

studies have not comprehensively evalu-
ated the insulinemic potential of diet and
its relationship with risk of death. EDIH
accounts for the impact of the whole diet
on chronic insulin exposure, which might

be more predictive of long-term dietary
insulinemic potential on chronic disease
and conditions. The strong positive associ-
ations of EDIH and subsequent mortality
risk persisted after further adjustment for

Table 2—HRs (95% CIs) of all-cause and cause-specific mortality according to EDIH in NHS and HPFS pooled*

Quintile of EDIH

P-trend†Quintile 1 Quintile 2 Quintile 3 Quintile 4 Quintile 5

All-cause mortality
NHS
Cases/person-years 3,923/341,804 4,193/341,780 4,270/341,641 4,434/341,090 4,290/340,573
Age-adjusted 1.00 1.05 (1.00, 1.09) 1.14 (1.09, 1.19) 1.31 (1.25, 1.36) 1.59 (1.53, 1.67) <0.001
Multivariable-adjusted 1.00 1.02 (0.97, 1.06) 1.07 (1.02, 1.11) 1.19 (1.14, 1.24) 1.33 (1.28, 1.40) <0.001
Multivariable 1 BMI 1.00 1.03 (0.99, 1.08) 1.09 (1.04, 1.14) 1.22 (1.16, 1.27) 1.36 (1.30, 1.43) <0.001

HPFS
Cases/person-years 3,358/217,313 3,581/217,085 3,489/217,323 3,515/217,074 3,276/216,867
Age-adjusted 1.00 1.09 (1.04, 1.14) 1.12 (1.07, 1.18) 1.26 (1.20, 1.32) 1.47 (1.40, 1.54) <0.001
Multivariable-adjusted 1.00 1.07 (1.02, 1.12) 1.08 (1.03, 1.14) 1.19 (1.14, 1.25) 1.33 (1.27, 1.40) <0.001
Multivariable 1 BMI 1.00 1.07 (1.02, 1.13) 1.09 (1.04, 1.14) 1.20 (1.15, 1.26) 1.33 (1.26, 1.40) <0.001

Pooled
Cases/person-years 7,281/559,117 7,774/558,865 7,759/558,964 7,949/558,164 7,566/557,440
Age-adjusted 1.00 1.06 (1.03, 1.10) 1.13 (1.10, 1.17) 1.29 (1.24, 1.33) 1.54 (1.49, 1.59) <0.001
Multivariable-adjusted 1.00 1.04 (1.00, 1.07) 1.07 (1.04, 1.11) 1.19 (1.15, 1.23) 1.33 (1.29, 1.38) <0.001
Multivariable 1 BMI 1.00 1.05 (1.02, 1.09) 1.09 (1.06, 1.13) 1.21 (1.17, 1.25) 1.35 (1.30, 1.39) <0.001

CVD mortality

NHS
Cases/person-years 741/341,804 817/341,780 892/341,641 851/341,090 845/340,573
Age-adjusted 1.00 1.06 (0.96, 1.18) 1.26 (1.14, 1.39) 1.35 (1.23, 1.50) 1.81 (1.63, 1.99) <0.001
Multivariable-adjusted 1.00 1.01 (0.92, 1.12) 1.13 (1.02, 1.25) 1.16 (1.05, 1.28) 1.39 (1.25, 1.54) <0.001
Multivariable 1 BMI 1.00 1.01 (0.91, 1.12) 1.12 (1.01, 1.24) 1.14 (1.03, 1.26) 1.34 (1.20, 1.48) <0.001

HPFS
Cases/person-years 974/217,313 1,043/217,085 995/217,323 1,053/217,074 942/216,867
Age-adjusted 1.00 1.09 (1.00, 1.20) 1.10 (1.00, 1.20) 1.32 (1.20, 1.44) 1.50 (1.37, 1.65) <0.001
Multivariable-adjusted 1.00 1.07 (0.98, 1.17) 1.05 (0.96, 1.15) 1.23 (1.12, 1.34) 1.35 (1.23, 1.48) <0.001
Multivariable 1 BMI 1.00 1.06 (0.97, 1.14) 1.03 (0.94, 1.13) 1.19 (1.09, 1.31) 1.27 (1.15, 1.39) <0.001

Pooled
Cases/person-years 1,715/559,117 1,860/558,865 1,887/558,964 1,904/558,164 1,787/557,440
Age-adjusted 1.00 1.08 (1.01, 1.15) 1.17 (1.09, 1.25) 1.33 (1.25, 1.42) 1.63 (1.53, 1.75) <0.001
Multivariable-adjusted 1.00 1.04 (0.97, 1.10) 1.09 (1.02, 1.16) 1.19 (1.12, 1.26) 1.37 (1.27, 1.46) <0.001
Multivariable 1 BMI 1.00 1.04 (0.97, 1.11) 1.07 (1.00, 1.15) 1.17 (1.09, 1.25) 1.30 (1.21, 1.39) <0.001

Cancer mortality

NHS
Cases/person-years 1,281/341,804 1,265/341,780 1,199/341,641 1,327/341,090 1,274/340,573
Age-adjusted 1.00 0.99 (0.91, 1.07) 0.98 (0.90, 1.06) 1.16 (1.07, 1.25) 1.28 (1.19, 1.39) <0.001
Multivariable-adjusted 1.00 0.98 (0.91, 1.06) 0.95 (0.88, 1.03) 1.10 (1.02, 1.19) 1.16 (1.07, 1.26) <0.001
Multivariable 1 BMI 1.00 0.99 (0.91, 1.07) 0.96 (0.89, 1.04) 1.11 (1.03, 1.20) 1.17 (1.07, 1.27) <0.001

HPFS
Cases/person-years 1,027/217,313 1,076/217,085 1,046/217,323 1,033/217,074 1,006/216,867
Age-adjusted 1.00 1.07 (0.98, 1.16) 1.09 (1.00, 1.19) 1.16 (1.06, 1.27) 1.36 (1.24, 1.48) <0.001
Multivariable-adjusted 1.00 1.05 (0.97, 1.15) 1.06 (0.97, 1.16) 1.12 (1.02, 1.22) 1.26 (1.15, 1.38) <0.001
Multivariable 1 BMI 1.00 1.05 (0.97, 1.15) 1.06 (0.97, 1.16) 1.12 (1.02, 1.22) 1.26 (1.15, 1.38) <0.001

Pooled
Cases/person-years 2,308/559,117 2,341/558,865 2,245/558,964 2,360/558,164 2,280/557,440
Age-adjusted 1.00 1.02 (0.96, 1.08) 1.03 (0.97, 1.09) 1.16 (1.09, 1.23) 1.32 (1.24, 1.39) <0.001
Multivariable-adjusted 1.00 1.01 (0.96, 1.07) 1.00 (0.94, 1.06) 1.11 (1.05, 1.18) 1.20 (1.13, 1.28) <0.001
Multivariable 1 BMI 1.00 1.02 (0.96, 1.08) 1.01 (0.95, 1.07) 1.11 (1.05, 1.18) 1.21 (1.13, 1.28) <0.001

*EDIH scores were adjusted for energy intake using the residual method. All analyses were conducted using Cox models stratified by age and
calendar years. Multivariable adjusted models were further adjusted for race, smoking status, physical activity, current aspirin use, multivita-
min use, family history of cancer, family history of diabetes, family history of myocardial infraction, baseline hypertension, baseline hypercho-
lesterolemia, and menopausal status and postmenopausal hormone use for women. †The P-trend was calculated by assigning the median to
all the participants in the quintile and modeling as continuous variables.
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other dietary pattern scores (AHEI, aMED,
and DASH), suggesting insulinemic poten-
tial of diet might play a unique and strong
role in overall health.

Diet modulates insulin response.
Hyperinsulinemic diets are rich in red
meat, processed meat, and sugar-
sweetened beverages but low in wine,
coffee, fruits, and green leafy vegetables.
These are in accordance with the inverse
associations found for fruits, green leafy
vegetables, and coffee and the positive
associations found for sugar-sweetened
beverages with mortality risk (28–30).
Existing studies that addressed dietary
insulinemic potential with mortality risk
are sparse. According to our knowledge,
only one study created a dietary score to
measure the insulinemic potential of diet
and found a positive association between
insulinemic potential and mortality risk in
22,246 U.S. adults (31). However, dietary
intake in that study was assessed using

only a single 24-h recall, which cannot
reflect the long-term impact and dynamic
change of diets.

In our study, diet was assessed using
validated semiquantitative FFQs with
>130 items administered every 4 years.
Benefiting from the repeated measure-
ments of diet in our cohorts, we assessed
not only the long-term impact but also
changes in dietary insulinemic potential
on subsequent all-cause and cause-spe-
cific mortality. Most previous studies
have used GI and GL as contributors to
an acute insulin response by evaluating
the ability of carbohydrate-containing
foods on raising postprandial blood glu-
cose (32). However, the association of
dietary glycemic potential with cardiome-
tabolic outcomes and mortality is still
unclear, as shown in two recent meta-
analyses that reported discrepant find-
ings (8,9). The discrepancies in findings of
mortality risk might be because death is

usually the result of a long sequence of
multiple hazards, while GI and GL only
reflect a short-term insulin response. In
addition, noncarbohydrate factors, such
as protein, fat, and alcohol, may also
influence insulin secretion.

The EDIH score was developed based
on predicting circulating C-peptide con-
centrations, which is considered a valid
marker of long-term insulin secretion.
Our recent analyses demonstrated that
dietary insulinemic potential was posi-
tively associated with risk of T2D and
colorectal cancer (18,19) and showed
enhanced predictive potential for T2D
risk compared with dietary glycemic
potential (21). The observed higher mor-
tality risk was associated with a higher
EDIH in the current study, suggesting the
link between chronic insulin exposure
and unfavorable health outcomes and
thereby rendering dietary modification
to follow a diet with low insulinemic

Figure 1—Association of EDIH with all-cause and cause-specific mortality. A: The dose-response relationship is shown. Reference levels were set to
the median EDIH values of the first quintile (�1.01). Vertical dotted lines indicate median values of each EDIH quintile (�1.01, �0.43, �0.05, 0.33,
and 0.95). Solid lines indicate HRs, and dashed lines depict 95% CIs. No spline variables were selected in the analyses. All P for linearity <0.001. B:
Subgroup analysis results are presented. All models in A and B were stratified by cohort, age, and calendar years, and were adjusted for race,
smoking status, physical activity, current aspirin use, multivitamin use, family history of cancer, family history of diabetes, family history of myocar-
dial infraction, baseline hypertension, baseline hypercholesterolemia, BMI, and menopausal status and postmenopausal hormone use for women.
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potential might be a potentially effective
strategy for preventing premature death.
Adiposity is closely related to diet

and can partly mediate its health effect
(33). Our previous study showed that
EDIH was associated with substantial
long-term weight gain (20). In our study,
BMI was not a mediator or an effect
modifier for the association between
dietary insulinemic potential and risk of
mortality from all-cause, CVD, and can-
cers, suggesting that insulinemic poten-
tial of diet might be associated with risk
of death through insulin response, which
is not necessarily mediated by adiposity.
The positive association between a hyper-
insulinemic diet and the risk of subse-
quent death might be explained by the
exacerbation of insulin-related pathologi-
cal pathways. These align well with prior

reports on hyperinsulinemia and risk of
all-cause, CVD, and cancer mortality. The
Helsinki Policemen Study, a small pro-
spective study in a selected group of men
with 22 years of follow-up, reported the
positive association between insulin level
during oral glucose tolerance tests and
all-cause and CVD mortality (34). The
result of hyperinsulinemia predicting all-
cause mortality was further confirmed in
a larger population-based prospective
study of healthy men without diabetes
(35). Apart from CVD mortality, the asso-
ciation between hyperinsulinemia and
cancer death has been consistently obs-
erved as well. Previous studies conducted
in Europe (36), North America (37), and
Asia (38) all suggested that people with
hyperinsulinemia were at higher risk of
cancer mortality than those without

hyperinsulinemia. The mechanisms under-
lying the association between hyperinsuli-
nemic diet and mortality can be multi-
factorial. Hyperinsulinemic diet might
contribute to acceleration of atheroscle-
rosis progression through inhibiting nitric
oxide production and stimulating the
mitogen-activated protein kinase path-
way, which is the major cause of CVD
mortality (39). In addition, the direct
mitogenic effect of insulin and the indi-
rect effect through increased production
of insulin-like growth factor 1 (IGF1), and
reduction of IGF1-binding proteins
might help to explain the link bet-
ween hyperinsulinemic diet and can-
cer mortality (40). Free IGF1 has
mitogenic and antiapoptotic effects
and has been suggested to be associ-
ated with increased cancer mortality

Figure 2—HRs (95% CIs) for the association between changes in EDIH and risk of death. A: Risk of death is shown according to the initial EDIH score
(1986) and the EDIH score 8 years later. Initial EDIH score are shown as low, medium, and high. At 8 years later, participants may have had a consis-
tently low EDIH scores over time, a change from a low score to a medium or high score, a consistently medium score over time, a change from a
medium score to a low or high score, a consistently high score over time, or a change from a high score to a low or medium score. The fully
adjusted models were adjusted for the initial (1986) EDIH score, race, smoking status, initial and changes in physical activity, family history of myo-
cardial infarction, diabetes, or cancer, baseline (1994) aspirin use, multivitamin use, and menopausal status and postmenopausal hormone use
(NHS only), baseline hypertension or hypercholesterolemia, initial BMI, and weight changes. The error bars represent 95% CIs. *P < 0.05 for the
associations of HRs compared with participants who had consistently low EDIH scores over time. B: Risk of death is shown per 1-SD increase in
EDIH scores for preceding 8-, 12-, and 16-year changes. The fully adjusted HRs of death from any cause per 1-SD increase in EDIH for preceding 8,
12, and 16 years are shown. The error bars represent 95% CIs.
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(40). More research is needed to elu-
cidate the underlying mechanisms
linking insulinemic potential of diet
and overall health.

Major strengths of our study include
the prospective design, the large sample
size, and comprehensively collected data
on diet and important covariates, which
minimizes the potential for residual con-
founding. More importantly, we repeat-
edly measured dietary intakes, enabling
us to assess the association of the long-
term diet and its dynamic changes.

Nevertheless, our study also has sev-
eral limitations. First, our dietary assess-
ment was based on the self-reported
questionnaire and might have measure-
ment errors. Although, the FFQs used in
the NHS and HPFS have been extensively
validated against diet and biomarkers
(22–24), the validation studies have not
focused the comparability of EDIH to
other food-based insulin response meas-
ures such as the insulin index.

Second, our study participants were
health professionals and were mostly
White, and our analyses did not address
the potential variability in mortality risk
associated insulin resistance, which might
limit the generalizability. However, we
postulate that our health professional
cohorts could also be considered an
advantage because they allowed us to
collect accurate information on dietary
and lifestyle variables and minimize con-
founding by socioeconomic status. Fur-
thermore, we suggest that the biological
mechanisms would not differ qualita-
tively in other populations, although we
acknowledge that the magnitudes of the
association might vary.

Third, the possibility of reverse causa-
tion cannot be entirely ruled out. How-
ever, we excluded participants with
known major chronic diseases at base-
line. Also, our results were robust in sen-
sitivity analyses of introducing a 4-year
lag and stopping updating diet after
major chronic diseases developed. Finally,
as with all observational studies, we can-
not confirm causality and completely
exclude unmeasured confounding.

In conclusion, we found that higher
insulinemic potential of diet was stro-
ngly associated with higher risk of all-
cause, CVD, and cancer mortality. Adopt-
ing a diet with low insulinemic potential
might be an effective approach to imp-
rove overall health. Dietary recommen-
dations emphasizing the importance of

avoiding high insulinemic dietary pat-
terns as one of the important compo-
nents of a healthy diet could be
considered for the primary preven-
tion of premature death.
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