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Background and Aims: A dietary pattern concordant with either the Dietary

Approaches to Stop Hypertension (DASH) diet or the Mediterranean diet has been

associated with a lower risk of all-cause mortality in general population. We investigated

the associations of adherence to the DASH diet and the Mediterranean diet with

all-cause mortality across three glucose regulation states (normal glucose tolerance,

prediabetes, and diabetes) using data from the National Health and Nutrition Examination

Survey (NHANES).

Methods: Data from the NHANES participants from 1999 to 2010, including their

vital status linked to the National Death Index through the end of 2011, were analyzed.

Adherence to the DASH diet and the Mediterranean diet was assessed using the DASH

score and the alternative Mediterranean Diet Index (aMED), respectively. Weighted Cox

proportional hazards regression models were used to compare the hazard ratios for the

associations of adherence (diet score >median vs. ≤ median) to the DASH diet and the

Mediterranean diet with all-cause mortality.

Results: A total of 28,905 participants were analyzed, and 2,598 of them had died after

a median follow-up of 6.3 years. The median DASH score and aMED were 2 and 3,

respectively. Adherence to the Mediterranean diet (aMED >3 vs. ≤ 3), but not the DASH

diet, was associated with a lower risk of all-cause mortality (adjusted HR 0.74, 95% CI

0.66–0.83, p < 0.001) in the overall population. The findings were consistent across the

three glucose regulation states. A joint effect of aMED >3 and DASH score >2 (adjusted

HR 0.71, 95% CI 0.52–0.99, p = 0.042) was noted in participants with diabetes.

Conclusions: Adherence to the Mediterranean diet (aMED >median) was associated

with reduced all-cause mortality in a general population. For people with diabetes, a

dietary pattern concordant with both the DASH diet and the Mediterranean diet (DASH

score >median and aMED >median) was associated with a lower risk of mortality.
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INTRODUCTION

High diet quality is a healthy lifestyle factor that has been
associated with prolonged life expectancy (1, 2). Several dietary
patterns have been associated with a lower risk of all-cause
mortality (3–5). Initially developed in the 1990s, the Dietary
Approaches to Stop Hypertension (DASH) diet is characterized
by reduced amounts of saturated fat, total fat, and cholesterol,
along with high amounts of fiber, protein, and some electrolytes
(potassium, magnesium, and calcium) from fruits and vegetables
(6, 7). Adopting the DASH diet substantially reduced blood
pressure (6, 7), with an additional effect when combined with
reduced sodium intake (7, 8). The DASH score (9) was generated
to assess adherence to the DASH diet, which has been associated
with reduced all-cause mortality rate (3–5, 10–12).

In addition to the DASH diet, the Mediterranean diet has
been recommended as a healthy dietary pattern that helps
reduce blood pressure and cardiovascular (CV) risk (13). It is
characterized by a relatively high intake of fruits, vegetables,
nuts, legumes, whole grains, and sea food, with moderate alcohol
consumption and a low intake of red/processed meat and
saturated fat (14). Adopting the Mediterranean diet was effective
for weight reduction, as well as lipids and glycemic control, for
people with obesity (15). The alternative Mediterranean Diet
Index (aMED) (16, 17) was developed to assess adherence to the
Mediterranean diet, which has been associated with a lower risk
of all-cause mortality in the general population (3–5, 18, 19).

Although a dietary pattern concordant with either the DASH
diet or the Mediterranean diet has been associated with a lower
risk of all-cause mortality (3–5), some researchers reported
inconsistent findings (20–22). Moreover, the effects of adopting
the DASH diet or the Mediterranean diet on all-cause mortality
risk reduction in people with abnormal glucose regulation
(diabetes or prediabetes) have not yet been confirmed. In this
study, we investigated the associations of adherence to the DASH
diet and the Mediterranean diet with all-cause mortality across

FIGURE 1 | Flow diagram displaying the selection of study participants for analyses.

the three glucose regulation states (normal glucose tolerance,
prediabetes, and diabetes) using data from the National Health
and Nutrition Examination Survey (NHANES).

MATERIALS AND METHODS

Study Population
The NHANES consists of a series of cross-sectional examinations
conducted by the National Center for Health Statistics.
Participants were assessed for their health and nutritional
status through anthropometric data collection, laboratory tests,
and questionnaires. All participants in the NHANES provided
informed consent. The dietary patterns of the participants
were assessed using information from the dietary interview
questionnaires (24 h dietary recalls). A second day of 24-h dietary
recalls through telephone calls was conducted since 2003. For
consistency, we used only the information from the single 24-
h dietary recalls for analyses. This study was conducted in
accordance with the Declaration of Helsinki. Our study protocol
was approved by the Institutional Review Board of Taichung
Veterans General Hospital, Taichung, Taiwan (approval number:
CE18312A). Figure 1 shows the selection of study participants
for analyses. We analyzed data of the participants in the
NHANES from 1999 to 2010. After excluding participants aged
≤18 years and those with missing information related to nutrient
intakes, laboratory data, history of diabetes, and survival status, a
total of 28,905 participants were analyzed (Figure 1).

Information on Variables for Analyses
Participants were classified as having diabetes if they reported
(1) having a history of diabetes, or (2) receiving treatment with
oral glucose lowering drugs or insulin, or had a fasting plasma
glucose ≥ 126 mg/dl or a glycated hemoglobin (HbA1c) ≥ 6.5%
(23). Among participants with no diabetes, those who had a
fasting plasma glucose 100–125 mg/dl or an HbA1c 5.7–6.4%
were classified as having prediabetes (23). Participants who did
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TABLE 1 | Characteristics of study participants according to their glucose regulation status.

Variables NGT Prediabetes Diabetes P

Number of participants 17,082 7,408 4,415

Age, years 41.4 (40.9–41.8) 53.5 (52.9–54.2) 58.3 (57.6–59.0) <0.001

Male, n (%) 7,714 (46.2) 3,966 (53.0) 2,220 (49.1) <0.001

Race/ethnicity, n (%) <0.001

Non-Hispanic white 8,745 (73.1) 3,577 (69.1) 1,778 (64.1)

Non-Hispanic black 2,987 (9.3) 1,548 (12.2) 1,101 (15.3)

Mexican American/others 5,350 (17.6) 2,283 (18.7) 1,536 (20.6)

Body mass index, kg/m2 27.1 (27.0–27.3) 29.9 (29.7–30.1) 32.4 (32.0–32.7) <0.001

Hypertension, n (%) 3,485 (19.5) 2,986 (38.3) 2,768 (60.3) <0.001

Smoking, n (%) 3,715 (52.3) 1,515 (43.6) 783 (36.0) <0.001

Total cholesterol, mg/dl 197.7 (196.8–198.6) 206.1 (204.7–207.4) 197.5 (195.4–199.6) <0.001

HDL cholesterol, mg/dl 54.3 (53.8–54.7) 50.7 (50.2–51.3) 47.6 (47.0–48.3) <0.001

Triglycerides, mg/dl 132.9 (130.4–135.5) 167.8 (163.9–171.7) 210.4 (200.5–220.3) <0.001

Fasting plasma glucose, mg/dl 86.0 (85.8–86.2) 100.1 (99.7–100.6) 149.6 (147.0–152.2) <0.001

HbA1c, % 5.18 (5.17–5.19) 5.64 (5.63–5.66) 7.11 (7.04–7.19) <0.001

eGFR, mL/min/1.73 m2 101.2 (100.5–102.0) 90.1 (89.1–91.0) 85.2 (84.1–86.3) <0.001

Chronic kidney disease, n (%)a 738 (3.3) 810 (8.9) 808 (16.6) <0.001

Daily calories, kcal/day 2,277 (2,255–2,298) 2,152 (2,116–2,188) 1,926 (1,883–1,969) <0.001

% from carbohydrate 50.6 (50.4–50.9) 49.8 (49.5–50.2) 48.3 (47.8–48.7)

% from fat 33.8 (33.6–34.0) 34.3 (33.9–34.6) 34.9 (34.5–35.4)

% from protein 15.6 (15.5–15.7) 15.9 (15.7–16.1) 16.8 (16.6–17.1)

DASH score 2.39 (2.35–2.42) 2.34 (2.29–2.38) 2.32 (2.26–2.38) <0.001

aMED 3.44 (3.39–3.50) 3.41 (3.35–3.47) 3.36 (3.30–3.43) <0.001

Data are presented as mean (95% CI) or n (%). aMED, alternative Mediterranean Diet Index; DASH, Dietary Approaches to Stop Hypertension; eGFR, estimated glomerular filtration rate;

HbA1c, glycated hemoglobin; HDL, high-density lipoprotein; NGT, normal glucose tolerance. aeGFR<60 mL/min/1.73 m2.

not fulfill the aforementioned criteria were classified as having
normal glucose tolerance. Kidney function was assessed using
estimated glomerular filtration rate (eGFR) determined with the
Chronic Kidney Disease Epidemiology Collaboration equation
(24). Chronic kidney disease was defied as having an eGFR <60
mL/min/1.73 m2. Daily calories consumption and the proportion
of energy from carbohydrate, fat, and protein were obtained from
the NHANES database. Age, sex, race/ethnicity, bodymass index,
history of hypertension, smoking, lipids profile, kidney function,
and daily calories were compared across the three glucose
regulation states, and were adjusted in the analytic models. The
vital status of the NHANES participants was confirmed by linking
to the National Death Index up to the end of 2011.

Assessment of Dietary Scores
Nutrient intakes of the NHANES participants were assessed
using information from the dietary interview questionnaires
(24-h dietary recall). A detailed description is available online
(https://wwwn.cdc.gov/nchs/nhanes/Search/DataPage.aspx?
Component$=$Dietary&CycleBeginYear$=$2005). We assessed
our study population’s adherence to the DASH diet and the
Mediterranean diet using the DASH score (9) and the aMED
(16, 17), respectively, both of which had been applied to the
NHANES participants (9, 17, 21, 25). The DASH score was
determined based on 9 target nutrients (saturated fat, total
fat, protein, cholesterol, fiber, magnesium, calcium, potassium,

and sodium) (9). For each target nutrient, participants whose
intake met the goal were given 1 point, while those who met
the intermediate goal were given 0.5 point (maximum score
= 9) (9, 10). The aMED was determined with assessments of
intakes from alcohol, red and processed meat, sea food, whole
grains, legumes, nuts, fruits, vegetables (except potatoes), and
ratio of monounsaturated to saturated fat (16, 17). Participants
whose intake was greater than the median of population intake
of sea food, whole grains, legumes, nuts, fruits, vegetables (except
potatoes), and ratio of monounsaturated to saturated fat were
given 1 point (16, 17). For red/processed meat and alcohol, one
point was assigned to those who had meat intake less than the
median or moderate alcohol intake (10–25 g/day for men and
5–15 g/day for women). Participants received 0 points if the
aforementioned criteria were not met (maximum score = 9).
The higher the diet scores (the DASH score and the aMED), the
better the concordance with the respective dietary pattern.

Outcomes of Interest
The primary outcome in this study was all-cause mortality.
All deaths after 1998 were coded following the 10th revision
of the International Statistical Classification of Diseases,
Injuries, and Causes of Death (ICD-10) guidelines, and
were categorized into cause-specific mortality (such as CV
and cancer mortality) (https://www.cdc.gov/nchs/data/nhsr/
nhsr143-508.pdf). Identifying information of the NHANES

Frontiers in Nutrition | www.frontiersin.org 3 January 2022 | Volume 9 | Article 828792

https://wwwn.cdc.gov/nchs/nhanes/Search/DataPage.aspx?Component$=$Dietary&CycleBeginYear$=$2005
https://wwwn.cdc.gov/nchs/nhanes/Search/DataPage.aspx?Component$=$Dietary&CycleBeginYear$=$2005
https://www.cdc.gov/nchs/data/nhsr/nhsr143-508.pdf
https://www.cdc.gov/nchs/data/nhsr/nhsr143-508.pdf
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/journals/nutrition#articles


Wang et al. DASH and aMED With Mortality

TABLE 2 | Characteristics of study participants according to the DASH score and the aMED.

DASH score (median = 2) aMED (median = 3)

Variables ≤ median >median P ≤ median >median P

Number of participants 14,968 13,937 15,632 13,273

Age, years 46.1 (45.6–46.7) 46.1 (45.7–46.6) <0.001 44.1 (43.6–44.5) 48.5 (47.9–49.1) <0.001

Male, n (%) 6,932 (46.0) 6,968 (50.5) <0.001 7,819 (50.1) 6,081 (45.8) <0.001

Race/ethnicity, n (%) <0.001 <0.001

Non-Hispanic white 7,417 (71.6) 6,683 (70.7) 7,330 (69.5) 6,770 (73.1)

Non-Hispanic black 3,364 (12.3) 2,272 (8.8) 3,339 (11.9) 2,297 (9.2)

Mexican American/others 4,187 (16.1) 4,982 (20.5) 4,963 (18.6) 4,206 (17.7)

Body mass index, kg/m2 28.7 (28.5–28.9) 28.0 (27.8–28.1) <0.001 28.8 (28.6–29.0) 27.9 (27.7–28.0) <0.001

Hypertension, n (%) 4,889 (29.1) 4,350 (28.0) 0.063 4,837 (28.4) 4,402 (28.8) 0.514

Smoking, n (%) 3,275 (49.3) 2,738 (46.8) 0.035 4,106 (57.1) 1,907 (35.6) <0.001

Total cholesterol, mg/dl 200.1 (199.2–201.0) 199.1 (198.0–200.2) <0.001 199.3 (198.3–200.3) 200.0 (199.0–200.9) <0.001

HDL cholesterol, mg/dl 52.6 (52.2–53.1) 52.8 (52.3–53.2) <0.001 51.3 (50.8–51.8) 54.3 (53.9–54.8) <0.001

Triglycerides, mg/dl 147.5 (143.9–151.2) 152.2 (148.8–155.6) <0.001 155.8 (152.1–159.4) 142.8 (139.9–145.8) <0.001

Fasting plasma glucose, mg/dl 96.4 (95.7–97.1) 96.3 (95.7–97.0) <0.001 96.8 (96.1–97.4) 95.9 (95.2–96.6) <0.001

HbA1c, % 5.51 (5.49–5.54) 5.50 (5.47–5.52) <0.001 5.51 (5.49–5.54) 5.49 (5.47–5.52) <0.001

eGFR, mL/min/1.73 m2 96.7 (95.9–97.5) 97.0 (96.3–97.7) <0.001 98.5 (97.8–99.3) 94.9 (94.0–95.7) <0.001

Chronic kidney disease, n (%)a 1,270 (6.4) 1,086 (5.8) 0.023 1,169 (5.6) 1,187 (6.6) 0.002

Daily calories, kcal/day 2,140 (2,120–2,160) 2,282 (2,249–2,314) <0.001 2,169 (2,145–2,194) 2,251 (2,228–2,273) <0.001

% from carbohydrate 46.9 (46.6–47.1) 53.8 (53.5–54.1) 49.2 (48.9–49.5) 51.3 (51.0–51.6)

% from fat 37.9 (37.7–38.1) 29.8 (29.5–30.1) 34.8 (34.5–35.0) 33.2 (32.9–33.4)

% from protein 15.3 (15.1–15.4) 16.4 (16.3–16.6) 16.0 (15.9–16.2) 15.6 (15.4–15.7)

participants (e.g., Social Security Number, sex, date of birth,
last name, first name, . . . etc) were matched with the National
Death Index. Participants who did not meet minimum data
requirement for matching were ineligible for record linkage, and
were excluded from the study population (missing information
on survival status, Figure 1). All participants were divided into
different groups according to the median of the DASH score and
the aMED to determine whether a better adherence to the dietary
pattern (>median vs. ≤ median) was associated with a lower
risk of all-cause and CV mortality. We also conducted analyses
in subgroups with different glucose regulation status (normal
glucose tolerance, prediabetes, and diabetes).

Statistical Analyses
All of the statistical analyses were conducted using the Statistical
Analysis System survey procedures (SAS version 9.4, 2013, Cary,
NC, USA). The Chi-square test and the independent sample
t-test were used to determine the statistical significance of
the between-group differences in categorical and continuous
variables, respectively. All analyses were adequately weighted
according to the analytic guidelines (https://wwwn.cdc.gov/nchs/
nhanes/analyticguidelines.aspx). To compare the hazard ratios
(HR) and 95% CI for the associations of adherence (diet score
>median vs.≤median) to the DASH diet and theMediterranean
diet with all-cause mortality, weighted Cox proportional hazards
regression models (proc surveyphreg; SAS version 9.4, 2013,
Cary, NC, USA) were used with adjustment for age, sex,
race, body mass index, history of hypertension, smoking, total

cholesterol, chronic kidney disease, and daily energy intake. The
analyses were also conducted in study participants with different
glucose regulation states. In addition, joint effects of adherence
to the DASH and Mediterranean diet were tested in the overall
population as well as in participants with different glucose
regulation states. Finally, the associations of each component of
the DASH score and the aMED with all-cause mortality were
examined in participants with or without diabetes. In all of the
statistical analyses, a two-sided p value < 0.05 was considered
statistically significant.

RESULTS

The characteristics of study participants according to their
glucose regulation status are shown in Table 1. Participants with
diabetes were older, had a higher body mass index and systolic
blood pressure, had a higher proportion of having hypertension,
were less likely to smoke, had lower high-density-lipoprotein
cholesterol and higher triglyceride, and had lower eGFR and daily
calorie intake compared with participants with normal glucose
tolerance or prediabetes. Table 2 shows the characteristics of
study participants according to the DASH score (median = 2)
and the aMED (median= 3) (≤median vs. >median).

After a median follow-up of 6.3 years, 2,598 participants
had died (9.9 per 1,000 person-years). The risk of all-cause
mortality was higher in participants with diabetes (27.8 per 1,000
person-years) and prediabetes (15.3 per 1,000 person-years),
compared with those who had normal glucose tolerance (5.9
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TABLE 3 | Associations of adherence to DASH and Mediterranean diet with

all-cause and CV mortality.

Adjusted HR

(95% CI)a
P P for

interaction

All-cause mortality

DASH score (>2 vs. ≤ 2)

Overall population 0.93 (0.82–1.05) 0.215

Normal glucose tolerance 1.02 (0.83–1.24) 0.874 0.168

Prediabetes 0.86 (0.71–1.03) 0.103

Diabetes 0.86 (0.71–1.05) 0.147

aMED (>3 vs. ≤ 3)

Overall population 0.74 (0.66–0.83) <0.001

Normal glucose tolerance 0.75 (0.63–0.89) 0.002 0.777

Prediabetes 0.71 (0.59–0.86) <0.001

Diabetes 0.82 (0.66–1.03) 0.092

CV mortality

DASH score (>2 vs. ≤ 2)

Overall population 1.00 (0.78–1.28) 0.995

Normal glucose tolerance 1.17 (0.77–1.78) 0.452 0.350

Prediabetes 0.91 (0.58–1.44) 0.694

Diabetes 0.88 (0.57–1.37) 0.569

aMED (>3 vs. ≤ 3)

Overall population 0.81 (0.61–1.07) 0.135

Normal glucose tolerance 0.73 (0.50–1.09) 0.121 0.329

Prediabetes 0.76 (0.52–1.11) 0.152

Diabetes 1.06 (0.67–1.67) 0.807

aMED, alternative Mediterranean Diet Index; CV, cardiovascular; DASH, Dietary

Approaches to Stop Hypertension. aAdjusted for age, sex, race, body mass index,

history of hypertension, smoking, total cholesterol, chronic kidney disease, and daily

energy intake.

per 1,000 person-years). Overall, adherence to the DASH diet
(DASH score >2 vs. ≤2) was not associated with a lower risk
of all-cause mortality (adjusted HR 0.93, 95% CI 0.82–1.05, p
= 0.215, Table 3). In contrast, adherence to the Mediterranean
diet (aMED >3 vs. ≤3) was associated with a lower risk of all-
cause mortality (adjusted HR 0.74, 95% CI 0.66–0.83, p < 0.001,
Table 3). The findings were consistent across the three glucose
regulation states (p for interaction 0.168 and 0.777, respectively).
There were no significant associations between the two dietary
patterns and risk of CV mortality.

Table 4 shows the joint effects of adherence to the DASH diet
and the Mediterranean diet on all-cause mortality. Compared
with the reference group (DASH score ≤ 2 and aMED ≤3),
aMED >3 (with DASH score ≤ 2 or >2) was associated with a
lower risk of all-cause mortality in the overall population (both p
< 0.001, Table 4). The findings were similar in participants with
normal glucose regulation or prediabetes. Among participants
with diabetes, the lower risk of all-cause mortality in those who
had aMED >3 and DASH score >2 (adjusted HR 0.71, 95%
CI 0.52–0.99, p = 0.042) was not observed in participants who
had aMED >3 but DASH score ≤ 2 (adjusted HR 1.00, 95% CI
0.76–1.32, p= 0.995, Table 4).

TABLE 4 | Joint effects of adherence to DASH and Mediterranean diet on

all-cause mortality.

Adjusted HR

(95% CI)a
P P for trend

Overall population

DASH score ≤ 2 and aMED ≤ 3 1 (ref) <0.001

DASH score >2 and aMED ≤ 3 0.99 (0.84–1.18) 0.931

DASH score ≤ 2 and aMED >3 0.76 (0.65–0.89) <0.001

DASH score >2 and aMED >3 0.72 (0.61–0.85) <0.001

Normal glucose tolerance

DASH score ≤ 2 and aMED ≤ 3 1 (ref) 0.017

DASH score >2 and aMED ≤ 3 1.10 (0.84–1.44) 0.500

DASH score ≤ 2 and aMED >3 0.76 (0.60–0.96) 0.024

DASH score >2 and aMED >3 0.79 (0.61–1.02) 0.073

Prediabetes

DASH score ≤ 2 and aMED ≤ 3 1 (ref) <0.001

DASH score >2 and aMED ≤ 3 0.79 (0.61–1.02) 0.065

DASH score ≤ 2 and aMED >3 0.65 (0.51–0.82) <0.001

DASH score >2 and aMED >3 0.66 (0.51–0.85) 0.002

Diabetes

DASH score ≤ 2 and aMED ≤ 3 1 (ref) 0.047

DASH score >2 and aMED ≤ 3 1.07 (0.82–1.38) 0.626

DASH score ≤ 2 and aMED >3 1.00 (0.76–1.32) 0.995

DASH score >2 and aMED >3 0.71 (0.52–0.99) 0.042

aMED, alternative Mediterranean Diet Index; DASH, Dietary Approaches to Stop

Hypertension. aAdjusted for age, sex, race, body mass index, history of hypertension,

smoking, total cholesterol, chronic kidney disease, and daily energy intake.

The associations of individual components of the DASH score
and the aMED with all-cause mortality in participants with
or without diabetes are shown in Tables 5, 6, respectively. In
general, diabetes was associated with a higher risk of mortality
compared with no diabetes (score = 0 with diabetes vs. score
= 0 with no diabetes [the reference group]). Examining each
component of the DASH score (Table 5), adequate fiber (adjusted
HR 0.70, 95% CI 0.56–0.88, p= 0.003), magnesium (adjusted HR
0.73, 95% CI 0.58–0.93, p = 0.001), or potassium (adjusted HR
0.83, 95% CI 0.67–1.03, p = 0.087) intake was associated with a
lower risk of mortality in participants with no diabetes (score= 1
with no diabetes vs. the reference group). The risk of mortality
in participants with diabetes who had adequate intake of fiber
(adjusted HR 0.94, 95% CI 0.77–1.14, p = 0.513), magnesium
(adjusted HR 1.02, 95% CI 0.78–1.32, p = 0.909), or potassium
(adjusted HR 1.12, 95% CI 0.92–1.36, p = 0.269) was similar to
the reference group (Table 5). Examining each component of the
aMED (Table 6), similar findings were noted in participants who
had a higher intake of whole grains, nuts, fruits, or vegetables.

DISCUSSION

In this study, we investigated the associations of adherence to the
DASH diet and theMediterranean diet with all-causemortality in
people with different glucose regulation states. We demonstrated
that better adherence to the Mediterranean diet (aMED >3
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TABLE 5 | Associations of individual components of DASH score with all-cause

mortality.

Adjusted HR (95% CI)a P

Saturated fat score = 0, no diabetes 1 (ref)

Saturated fat score = 1, no diabetes 1.03 (0.86–1.23) 0.755

Saturated fat score = 0, diabetes 1.42 (1.23–1.65) <0.001

Saturated fat score = 1, diabetes 1.20 (0.98–1.47) 0.073

Total fat score = 0, no diabetes 1 (ref)

Total fat score = 1, no diabetes 0.99 (0.83–1.18) 0.915

Total fat score = 0, diabetes 1.39 (1.19–1.62) <0.001

Total fat score = 1, diabetes 1.25 (1.04–1.50) 0.016

Protein score = 0, no diabetes 1 (ref)

Protein score = 1, no diabetes 0.96 (0.79–1.15) 0.626

Protein score = 0, diabetes 1.39 (1.18–1.63) <0.001

Protein score = 1, diabetes 1.24 (1.02–1.49) 0.030

Cholesterol score = 0, no diabetes 1 (ref)

Cholesterol score = 1, no diabetes 1.10 (0.89–1.36) 0.387

Cholesterol score = 0, diabetes 1.46 (1.21–1.75) <0.001

Cholesterol score = 1, diabetes 1.39 (1.16–1.66) <0.001

Fiber score = 0, no diabetes 1 (ref)

Fiber score = 1, no diabetes 0.70 (0.56–0.88) 0.003

Fiber score = 0, diabetes 1.35 (1.17–1.56) <0.001

Fiber score = 1, diabetes 0.94 (0.77–1.14) 0.513

Magnesium score = 0, no diabetes 1 (ref)

Magnesium score = 1, no diabetes 0.73 (0.58–0.93) 0.001

Magnesium score = 0, diabetes 1.35 (1.17–1.56) <0.001

Magnesium score = 1, diabetes 1.02 (0.78–1.32) 0.909

Calcium score = 0, no diabetes 1 (ref)

Calcium score = 1, no diabetes 0.94 (0.77–1.15) 0.535

Calcium score = 0, diabetes 1.33 (1.14–1.55) <0.001

Calcium score = 1, diabetes 1.32 (1.09–1.60) 0.005

Potassium score = 0, no diabetes 1 (ref)

Potassium score = 1, no diabetes 0.83 (0.67–1.03) 0.087

Potassium score = 0, diabetes 1.35 (1.16–1.57) <0.001

Potassium score = 1, diabetes 1.12 (0.92–1.36) 0.269

Sodium score = 0, no diabetes 1 (ref)

Sodium score = 1, no diabetes 1.44 (1.19–1.74) <0.001

Sodium score = 0, diabetes 1.53 (1.28–1.84) <0.001

Sodium score = 1, diabetes 1.76 (1.42–2.18) <0.001

DASH, Dietary Approaches to Stop Hypertension. aAdjusted for age, sex, race, body

mass index, history of hypertension, smoking, total cholesterol, chronic kidney disease,

and daily energy intake.

vs. ≤ 3), but not the DASH diet (DASH score >2 vs. ≤ 2),
was associated with a lower risk of all-cause mortality in the
NHANES participants (Table 3). A joint effect of adherence to
the DASH diet and the Mediterranean diet was noted in people
with diabetes (Table 4). Our findings suggest that adherence to
the Mediterranean diet (aMED > median) was associated with
a lower risk of mortality in a general population. For people
with diabetes, a lower risk of mortality was noted in those
who had a dietary pattern concordant with both the DASH

TABLE 6 | Associations of individual components of aMED with all-cause

mortality.

Adjusted HR (95% CI)a P

Alcohol score = 0, no diabetes 1 (ref)

Alcohol score = 1, no diabetes 0.80 (0.58–1.10) 0.173

Alcohol score = 0, diabetes 1.35 (1.18–1.56) <0.001

Alcohol score = 1, diabetes 0.98 (0.72–1.34) 0.909

Red/processed meat score = 0, no diabetes 1 (ref)

Red/processed meat score = 1, no diabetes 1.00 (0.80–1.25) 0.995

Red/processed meat score = 0, diabetes 1.31 (1.07–1.60) 0.010

Red/processed meat score = 1, diabetes 1.40 (1.11–1.76) 0.005

Sea food score = 0, no diabetes 1 (ref)

Sea food score = 1, no diabetes 0.89 (0.72–1.10) 0.283

Sea food score = 0, diabetes 1.37 (1.19–1.57) <0.001

Sea food score = 1, diabetes 1.40 (1.11–1.76) 0.238

Whole grains score = 0, no diabetes 1 (ref)

Whole grains score = 1, no diabetes 0.87 (0.70–1.07) 0.183

Whole grains score = 0, diabetes 1.42 (1.17–1.73) <0.001

Whole grains score = 1, diabetes 1.12 (0.92–1.36) 0.254

Legumes score = 0, no diabetes 1 (ref)

Legumes score = 1, no diabetes 1.10 (0.94–1.30) 0.230

Legumes score = 0, diabetes 1.40 (1.19–1.64) <0.001

Legumes score = 1, diabetes 1.42 (1.20–1.68) <0.001

Nuts score = 0, no diabetes 1 (ref)

Nuts score = 1, no diabetes 0.67 (0.57–0.80) <0.001

Nuts score = 0, diabetes 1.33 (1.15–1.54) <0.001

Nuts score = 1, diabetes 0.94 (0.79–1.13) 0.520

Fruits score = 0, no diabetes 1 (ref)

Fruits score = 1, no diabetes 0.80 (0.68–0.95) 0.012

Fruits score = 0, diabetes 1.24 (1.03–1.49) 0.027

Fruits score = 1, diabetes 1.14 (0.96–1.36) 0.137

Vegetables score = 0, no diabetes 1 (ref)

Vegetables score = 1, no diabetes 0.83 (0.71–0.99) 0.033

Vegetables score = 0, diabetes 1.41 (1.19–1.66) <0.001

Vegetables score = 1, diabetes 1.06 (0.91–1.23) 0.481

MUFA/SFA score = 0, no diabetes 1 (ref)

MUFA/SFA score = 1, no diabetes 1.12 (0.95–1.32) 0.179

MUFA/SFA score = 0, diabetes 1.48 (1.24–1.77) <0.001

MUFA/SFA score = 1, diabetes 1.39 (1.20–1.61) <0.001

aMED, alternative Mediterranean Diet Index; MUFA, monounsaturated fat; SFA, saturated

fat; aAdjusted for age, sex, race, body mass index, history of hypertension, smoking, total

cholesterol, chronic kidney disease, and daily energy intake.

diet and the Mediterranean diet (DASH score >median and
aMED >median).

Adherence to the DASH diet (10–12, 26) and the
Mediterranean diet (18, 19, 27, 28) has been associated with
reduced risk of mortality, although the results are inconsistent.
For example, adherence to the DASH diet in adults with
hypertension (10) has been associated with a lower risk of
all-cause mortality. However, there was no significant association
between the DASH scores and risk of all-cause mortality in a
general population (21). The DASH diet, initially proposed in
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the 1990s to help treat hypertension (6, 7), was effective for blood
pressure reduction (6–8). A recent meta-analysis (26) reported
that adherence to the DASH diet was associated with a lower risk
of all-cause mortality. However, some researchers suggested that
strict adherence to the DASH diet might be necessary to attain a
survival benefit (29). Unfortunately, concordance with the DASH
diet was not good enough in the general population (median
DASH score= 3) (21), even in patients with hypertension (mean
DASH score= 2.9) (9). Overall low concordance with the DASH
diet (median DASH score = 2) in the study population might
help explain the null effect on all-cause mortality in our results.
We stratified our study participants into three groups by their
DASH scores (<2 [the reference group], 2–5, ≥ 5), and we
observed that the adjusted HR [95% CI] for all-cause mortality
were 1 (ref), 0.92 [0.80–1.05], and 0.80 [0.62–1.03], respectively
(data not shown in Results). We speculate that maintenance of
high concordance with the DASH diet is important in order to
obtain a beneficial effect on outcomes (29).

In contrast, adherence to the Mediterranean diet (aMED >3
vs. ≤ 3) was associated with a lower risk of all-cause mortality in
the NHANES participants. This finding was consistent across the
three glucose regulation states, although there was only a modest
decrease in participants with diabetes (p= 0.092, p for interaction
= 0.777, Table 3). It is interesting to note that the effect of aMED
>3 (vs.≤ 3) on all-cause mortality in people with normal glucose
tolerance or prediabetes was significant irrespective of the DASH
score (>2 or ≤ 2) (Table 4). A joint effect was noted in people
with diabetes, i.e., a lower risk of mortality was noted in those
who had an aMED >3 and a DASH score >2. Greater adherence
to the Mediterranean diet has been associated with improved
survival (18, 19). Nevertheless, it is not yet clear whether the
survival benefit is consistent across different glucose regulation
states. Adherence to the Mediterranean diet has been associated
with a decrease in all-cause mortality risk in people with a
metabolically healthy obese phenotype, but not in those with
a metabolically unhealthy obese phenotype (30). In contrast,
adherence to the DASH diet was associated with a reduction
in the risk of all-cause mortality in a metabolically unhealthy
phenotype, but not in a metabolically healthy phenotype (31).
These findings may help explain our results that a beneficial effect
of aMED >3 in our participants with diabetes was noted in those
who also had a DASH score >2 (Table 4).

We examined the associations of the individual components
of the diet scores with all-cause mortality (Tables 5, 6). Among
the components of the DASH score, an increase in fiber (32,
33), magnesium (34, 35), or potassium (36, 37) intake was
associated with a reduction in the risk of all-cause mortality. It
is interesting to note that a low-sodium intake (sodium score =
1, <2,400 mg/2,100 kcal diet) was associated with a higher risk
of mortality in participants with or without diabetes (Table 5).
A higher risk of all-cause mortality associated with low sodium
excretion (approximately <4.0 g/day) has been reported (36,
37). The mean sodium intake in the NHANES participants was
around 3,500 mg/2,000 kcal (38). As sodium is an essential
nutrient required for normal physiology, whether a low sodium
intake (<2,400 mg/2,100 kcal diet) is appropriate for CV health
warrants further investigation (39). Regarding the components of

aMED (Table 6), an increase in intake of whole grains (40–42),
nuts (43–45), fruits (46–48), or vegetables (48, 49) was associated
with a lower risk of all-cause mortality.

There were some limitations in this study. First, our analyses
were based on information collected through a 24-h dietary
recall interview with questionnaires. All dietary interviewers
in the NHANES were required to complete a training course
and to conduct supervised practice interviews before working
independently to minimize data collection bias. Moreover,
retraining sessions were conducted annually to reinforce the
proper protocols. Thus, the quality of dietary information was
satisfactory for research use. Nevertheless, long-term adherence
to the dietary patterns was not addressed in this study. This
issue should be taken into account when interpreting our
results. Second, this was a cohort study and the between-group
differences in baseline characteristics might have confounded
our results. Ideally, the effect of a healthy dietary pattern on
risk of mortality in patients with diabetes or prediabetes should
be investigated in a randomized trial with long-term follow-
up. Our findings provide novel insights into the nutritional
recommendations for people with abnormal glucose regulation.

In conclusion, adherence to the Mediterranean diet (aMED >

median) was associated with a lower risk of all-cause mortality
in a general population. For people with diabetes, the benefit
was noted in those whose dietary pattern was concordant
with both the DASH diet and the Mediterranean diet (DASH
score >median and aMED >median). Higher intake of fiber,
magnesium, potassium, whole grains, nuts, fruits, and vegetables
was associated with a lower risk of mortality in people with or
without diabetes.
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