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ABSTRACT
Background: Indexes of diet quality have been shown to be associ-
ated with decreased risk of mortality in several countries. It remains
unclear if the Alternative Healthy Eating Index (AHEI), designed to
provide dietary guidelines to combat major chronic diseases, is re-
lated to mortality risk.
Objective: We aimed to examine the association between adher-
ence to the AHEI and cause-specific mortality over 18 y of follow-
up in a British working population.
Design: Analyses are based on 7319 participants (mean age: 49.5 y;
range: 39–63 y; 30.3% women) from the Whitehall II Study. Cox
proportional hazards regression models were performed to analyze
associations of the AHEI (scored on the basis of intake of 9 com-
ponents: vegetables, fruit, nuts and soy, white or red meat, trans fat,
polyunsaturated or saturated fat, fiber, multivitamin use, and alco-
hol) with mortality risk.
Results: After potential confounders were controlled for, partici-
pants in the top compared with the bottom third of the AHEI score
showed 25% lower all-cause mortality [hazard ratio (HR): 0.76;
95% CI: 0.61, 0.95] and .40% lower mortality from cardiovascular
disease (CVD; HR: 0.58; 95% CI: 0.37, 0.91). Consumption of nuts
and soy and moderate alcohol intake appeared to be the most im-
portant independent contributors to decreased mortality risk. The
AHEI was not associated with cancer mortality or noncancer/non-
CVD mortality.
Conclusion: Our findings suggest that the encouragement of adher-
ence to the AHEI dietary recommendations constitutes a valid and
clear public health recommendation that would decrease the risk of
premature death from CVD. Am J Clin Nutr 2011;94:247–53.

INTRODUCTION

Several studies have examined the association between diet
and mortality through consideration of an overall diet approach
(1). One line of research has attempted to identify “a posteriori”
eating patterns with the use of methods such as cluster analysis
(2), decreased rank regression (3), or principal components anal-
ysis (4). Another approach has exploited validated diet quality
indexes (5–11) that have the advantage that they are based on
existing knowledge on “healthy eating,” which has allowed com-
parisons between studies, and has provided clear food guideline
recommendations (1). However, very few studies have investigated
whether adherence to a specific set of dietary guidelines is as-
sociated with a decreased risk of mortality from all causes and

from cardiovascular disease (CVD). This is especially pertinent
in the British context, where rates of CVD mortality continue to
exceed those of most other Western nations (http://www.who.int/
research/en/).

The Alternative Healthy Eating Index (AHEI) is a particularly
relevant target for mortality research because it was originally
designed to provide dietary guidelines with the specific intention
to combat major chronic diseases (12). High scores on this index
have been shown to be associated with decreased risk of CVD
(13) and type 2 diabetes (12) in a US population, and previous
findings from the British Whitehall II study (14) suggest that
adherence to the AHEI is related to an ’2-fold higher odds of
reversal of the metabolic syndrome, a condition known to be a
strong predictor of cardiovascular morbidity and mortality (15).
Surprisingly, there has been little attempt to directly examine the
AHEI–mortality association and hence validate its presumed
efficacy as a public health intervention strategy. To our knowl-
edge, the only previous study on the AHEI and mortality was
limited to deaths from colorectal cancer (16) and we are not
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aware of prior investigations that have examined the long-term
effect of the AHEI on overall mortality and cause-specific mor-
tality, especially in a large, middle-aged population.

The present report sought to examine the association between
adherence to the AHEI and mortality risk over 18 y of follow-up
of .7000 British civil servants, the Whitehall II cohort study. A
further aim was to investigate which components of the AHEI con-
tributed most to any decrease in mortality rates in this population.

SUBJECTS AND METHODS

Participants and design

The target population for theWhitehall II study was all London-
based office staff, aged 35–55 y, who worked in 20 civil service
departments (17). Baseline screening (phase 1: 1985–1988, n =
10,308) involved a clinical examination and a self-administered
questionnaire. Subsequent phases of data collection have alter-
nated between a clinical examination alongside a questionnaire
survey and a postal questionnaire alone. Phase 3 (1991–1993) is
considered the baseline for the purpose of this study, because it
was the first assessment of the AHEI. The University College
London Ethics Committee approved the study. After the subjects
were given a complete description of the study, written informed
consent was obtained from all participants.

Baseline examination

Dietary intake at phase 3 was assessed with the use of a
semiquantitative food-frequency questionnaire (FFQ) with 127
food items, as described previously (2, 14, 18). The selected fre-
quency category for each food itemwas converted to a daily intake.
Nutrient intakes were computed by multiplication of the con-
sumption frequency for each food by its nutrient content (for
specified portions), and then the nutrient contributions from all
foods were summed. Frequency of consumption for multivitamin
supplements was also collected. Nutrient values were calculated
with the use of a computerized system developed for theWhitehall
II dietary data. Information on this can be found in the supple-
mental Appendix materials under “Supplemental data” in the
online issue.

The AHEI (12) was scored on the basis of the intake levels
of 9 components. The original components of the index include
vegetables, fruit, nuts and soy, the ratio of white (seafood and
poultry) to red meat, cereal fiber, trans fat, the ratio of poly-
unsaturated fatty acids to saturated fatty acids, long-term mul-
tivitamin use (,5 or !5 y), and alcohol consumption. Because
cereal fiber was not available in our nutrient data set, we adapted
the score by the replacement of it with total fiber. Each com-
ponent had the potential to contribute 0–10 points to the total
score, with the exception of multivitamin use, which contributed
either 2.5 or 7.5 points (see Tables S1 and S2 under “Supple-
mental data” in the online issue). All the component scores were
summed to obtain a total AHEI score, which ranged from 2.5 to
87.5; higher scores corresponded to a healthier diet (Table S1
under “Supplemental data” in the online issue). Correlations be-
tween AHEI components and with total AHEI score are shown in
Table S3 under “Supplemental data” in the online issue.

Covariates were measured at phase 3. Sociodemographic var-
iables consisted of age; sex; ethnicity (white, South Asian,black);

marital status (married or cohabiting, single, divorced, widowed);
and occupational position with the use of current (or last for retired
participants) British civil service employment grade, defined on
the basis of salary and grouped into 3 categories: high (senior
administrators)/intermediate (executives, professionals, and tech-
nical staff)/low (clerical and office support staff) grades.

Health behaviors included in the analysis were smoking (current/
former/nonsmoker), total energy intake estimated from the FFQ, and
physical activity assessed via questionnaire data and categorized
into 3 groups (high, intermediate, low) according to frequency of
participation in “vigorous” (eg, running, hard swimming, playing
squash), “moderately energetic” (eg, dancing, cycling, leisurely
swimming), and “mildly energetic” physical activity.

Baseline health status (phase 3) was ascertained with the use
of a number of measures: prevalence of coronary heart diseases
(CHD) on the basis of clinically verified events, which included
nonfatal myocardial infarction and definite angina; self-reported
stroke or transient ischemic attack; diabetes (diagnosed with the
use of the World Health Organization definition); hypertension
(systolic or diastolic blood pressure ! 140 or ! 90 mm Hg,
respectively, or use of hypertensive drugs); dyslipidemia (LDL
cholesterol ! 4.1 mmol/L or use of lipid-lowering drugs); body
mass index (BMI; in kg/m2) [underweight, BMI , 20; normal
(reference), BMI !20 to ,25; overweight, BMI !25 to ,30 ;
obese, BMI !30]; metabolic syndrome defined with the use
of the National Cholesterol Education Program criteria (19);
and inflammatory markers, interleukin-6 and C-reactive protein,
measured from serum stored at 270"C; procedures are detailed
elsewhere (20).

Mortality follow-up

The study is linked to the National Health Services death and
electronic patient records with the use of the National Health
Services identification number assigned to all British citizens. A
total of 10,297 participants (99.9%) were successfully traced and
have been followed through these registers. Mortality data (me-
dian: 17.7 y, range: 0.08–18.4), which included the cause of death,
were available through the National Health Services Central
Registry until 31 January 2010. Death certificates were coded
with the use of the 9th or 10th revision of the International
Classification of Diseases (ICD) (http://www.who.int/classi-
fications/icd/en/). We analyzed all-cause mortality and mortality
from specific causes, such as CVD (ICD-9 codes 390.0–458.9
and ICD-10 codes I00–I99) and cancer (ICD-9 140.0–209.9 and
ICD-10 C00–C97). Noncancer/non-CVD mortality includes all
deaths that remain that are not classified as cancer or CVD, and
included deaths from diseases of the respiratory system (most
common other cause of death), digestive system, or nervous sys-
tem; injuries; poisoning; and external causes.

Statistical methods

We generated survival curves with the use of actuarial life
table methods with Wilcoxon tests to compare survival be-
tween AHEI tertile groups, as shown in Figure 1. Associations
between tertiles (thirds) of the AHEI score distribution and the
risk of mortality and cause-specific mortality were determined
by Cox proportional hazards regression and were adjusted for
sociodemographic factors, health behaviors, and health factors.
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The proportional hazards assumption was verified by the addi-
tion of a time-dependent variable to the model and was shown
not to be violated. Interactions between the AHEI and covariates
on all-cause mortality were tested and were not shown to be
statistically significant at P , 0.05. A set of analyses that cor-
responded was also performed to examine the separate associ-
ation between each AHEI component score (standardized by the
use of the z score) and mortality risk.

To assess whether the overall AHEI score predicts mortality
better than the sum of its 9 components, we compared the goodness-
of-fit of 2 nested models [model 1: Y = bt* (total AHEI score)
compared with model 2: Y= R (bi* component i)] with the use
of a likelihood ratio test. Further analyses were performed to
examine the contribution of AHEI components to the associa-
tion between the AHEI and mortality risk. For each component
(component i), we computed a modified AHEI score on the basis
of the total AHEI score without the component i (modified
AHEI score i = total AHEI score 2 score of the component i).
Separate Cox proportional hazards regression models were per-
formed, in which each component, adjusted for the modified
AHEI score that corresponded to it, was included. These anal-
yses allowed us to examine whether some specific AHEI com-
ponents would independently predict all-cause mortality risk.
Similar analyses were conducted for CVD mortality. In these
analyses, adjusted for potential confounders, all component scores
and modified AHEI scores were standardized with the use of z
scores (mean = 0, SD = 1). Analyses were conducted with the use
of SAS software, version 9.2 (SAS Institute, Cary, NC).

RESULTS

The analyses were carried out on 7319 participants who had
complete data on mortality status, dietary assessment, and other
covariates. Compared with these participants, who were included
in the present analyses, those excluded were slightly older, more
likely to be women, and of lower occupational grade.

Over the 18-y follow-up, 534 participants (7.3%) died. An-
alyses of cause of death (available for 7312 participants) showed

that the majority of participants died of cancer (49.1%, n = 259)
or CVD (26.8%, n = 141). Among the 141 CVD deaths, 52.5%
were caused by CHD (n = 74) and 19.9% by stroke (n = 28). Of
the 134 deaths that remained, 127 were classified as noncancer/
non-CVD death (for 7 deaths, information on cause of death was
missing). Comparison of characteristics of the participants by
vital status is shown in Table 1.

The survival curves diverged as a function of the AHEI tertiles
across the entire follow-up period, with the highest mortality seen
among participants in the bottom tertile and the lowest mortality
among those in the top tertile, as shown in Figure 1. The age- and
sex-adjusted hazard ratios (HR) for the top and the intermediate

FIGURE 1. Survival distribution over 18 y of follow-up as a function of
Alternative Healthy Eating Index (AHEI) tertiles (tert) for the 7319
Whitehall II participants. Tertile 1—mean 6 SD: 36.5 6 6.3; median (range):
37.5 (13.5244.5). Tertile 2—mean 6 SD: 50.6 6 3.1; median (range): 50.5
(45.5255.5). Tertile 3—mean 6 SD: 63.3 6 5.3; median (range): 62.5
(56.5285.5). Survival curves were generated with the use of actuarial life
table methods with Wilcoxon tests to compare survival between AHEI tertile
groups. S(t), survival function.

TABLE 1
Characteristics of participants according to survival status over 18 y of
follow-up

Covariates measured at phase 3
Alive

(n = 6785)
Deceased
(n = 534)

P
value1

Age (y) 49.3 6 6.02 52.9 6 5.9 ,0.001
Female sex (%) 30.3 30.3 0.98
Married/cohabiting (%) 77.3 73.8 0.06
Ethnicity (%) 0.74
White 91.8 90.8
South Asian 5.0 5.6
Black 3.2 3.6

Occupational grade (%) ,0.001
Low 15.0 21.1
Intermediate 45.8 42.9
High 39.2 36.0

Smoking habit (%) ,0.001
Nonsmoker 51.4 40.5
Former smoker 34.6 36.5
Current smoker 14.0 23.0

Total energy intake (kcal/d) 2101 6 625 2052 6 630 0.08
Physical activity (%)
Low 12.7 16.7 0.006
Intermediate 54.0 47.9
High 33.4 35.4

BMI (%) ,0.001
Underweight (,20 kg/m2) 4.5 3.9
Normal (!20 to ,25 kg/m2) 49.5 42.7
Overweight (!25 to ,30 kg/m2) 37.3 38.8
Obese (!30 kg/m2) 8.7 14.6

C-reactive protein tertiles (%)3 ,0.001
Highest tertile 34.1 22.9
Intermediate tertile 33.6 29.1
Lowest tertile 32.2 48.0

Interleukin-6 tertiles (%)3 ,0.001
Highest tertile 34.4 19.8
Intermediate tertile 33.6 30.5
Lowest tertile 32.0 49.7

Metabolic syndrome (%) 9.3 17.2 ,0.001
History of ischemic vascular

diseases (%)
2.5 7.1 ,0.001

Dyslipidemia 58.5 65.7 0.001
Hypertension 17.9 27.9 ,0.001
Type 2 diabetes 1.1 2.8 ,0.001

1 Chi-square and Student’s t tests (for age and total energy intake) were
applied to compare characteristics of 7319 participants as a function of
mortality status.

2 Mean 6 SD (all such values).
3 The number of subjects with missing values for C-reactive protein and

interleukin-6 were 355 and 402, respectively.
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tertile of the AHEI compared with the lowest tertile were 0.65
(95% CI: 0.53, 0.80) and 0.74 (95% CI: 0.60, 0.90), respectively.

To identify potential confounders or mediators of these rela-
tionships, factors associated with AHEI tertiles were identified
(Table 2). The multivariable-adjusted Cox proportional hazards
models showed the association between AHEI tertiles and risk
of all-cause mortality to be robust to adjustment for covariates.
After sex, age, ethnic group, marital status, occupational grade,
smoking habits, physical activity, and total energy intake were
controlled for, to be in the higher tertiles of the AHEI was as-
sociated with a decreased risk of all-cause mortality (inter-
mediate compared with bottom tertile HR: 0.79, 95% CI: 0.64,
0.97; top compared with bottom tertile HR: 0.73, 95% CI: 0.58,
0.91) and CVD mortality (intermediate compared with bottom
tertile HR: 0.64, 95% CI: 0.42, 0.95; top compared with bottom
tertile HR: 0.58, 95% CI: 0.37, 0.89) (results not shown). Further
adjustment for BMI categories, inflammatory markers (C-reactive
protein and interleukin-6), metabolic syndrome, prevalence of
CVD, dyslipidemia, hypertension, and type 2 diabetes did not
attenuate these results much (Figure 2). Participants in the
highest tertile of the AHEI score had ’25% lower risk of all-
cause mortality (HR: 0.76, 95% CI: 0.61, 0.95) and 40% lower

risk of CVD mortality (HR: 0.58, 95% CI: 0.37, 0.91) compared
with those in the lowest tertile. Adherence to the AHEI was not
associated with cancer mortality (HR: 0.80, 95% CI: 0.58, 1.11)
or noncancer/non-CVD deaths (HR: 0.89, 95% CI: 0.57, 1.41)
(Figure 2).

The associations between each AHEI component and mor-
tality risk are shown in Table S4 under "Supplemental data" in the
online issue. After adjustment for potential confounders, only 4
of the 9 components (nuts and soy, ratio of white to red meat, total
fiber, and alcohol) were significantly associated with all-cause
mortality risk. A decreased risk of CVD mortality was observed
with consumption of nuts and soy and with moderate alcohol
consumption.

To examine whether the effect of the total AHEI score on
mortality is as strong as the sum of its separate component effects,
we first compared a fully adjusted model (model 1), in which total
AHEI score was included, with a second model (model 2), in
which all of the 9 components of the AHEI score were included
separately. Results of the likelihood ratio test indicated that the
total AHEI score did not predict mortality risk as well as did the
use of each component separately (P = 0.007), as shown in Table
S5 under “Supplemental data” in the online issue. In other words,

TABLE 2
Cross-sectional associations between baseline characteristics and tertiles of Alternative Healthy Eating Index (AHEI) score

Baseline characteristics

AHEI tertiles

Low (n = 2458) Intermediate (n = 2477) High (n = 2384) P value1

AHEI score 36.6 6 6.32 50.6 6 3.1 63.3 6 5.3
Age (y) 49.4 6 6.0 49.4 6 6.1 49.8 6 6.0 0.08
Female sex (%) 24.2 28.9 38.1 ,0.001
Living alone (%) 75.4 78.7 77.1 0.02
White (%) 94.5 91.9 88.7 ,0.001
High-grade occupational position (%) 33.2 41.8 42.0 ,0.001
Current smoker (%) 20.4 13.9 9.3 ,0.001
Total energy intake (kcal/d) 1922 6 583 2137 6 628.4 2236 6 622 ,0.001
Low physical activity (%) 14.7 12.1 12.0 0.01
Overweight (%)3 38.5 37.5 36.3 0.59
Obese (%)4 9.5 8.8 9.0
C-reactive protein in highest tertile (%)5 38.1 32.4 29.4 ,0.001
Interleukin-6 in highest tertile (%)5 38.0 31.9 29.7 ,0.001
Metabolic syndrome (%) 11.3 9.0 9.3 0.02
History of cardiovascular disease (%) 2.4 2.7 3.4 0.10
Dyslipidemia (%) 62.0 59.0 56.1 ,0.001
Hypertension (%) 19.1 17.8 19.1 0.37
Type 2 diabetes (%) 1.2 1.0 1.4 0.49
AHEI component scores (points)
Vegetables 3.7 6 2.4 5.6 6 2.6 7.4 6 2.4 ,0.001
Fruit 3.7 6 2.5 6.1 6 2.7 8.1 6 2.2 ,0.001
Nuts and soy 1.9 6 2.5 3.0 6 2.9 4.6 6 3.1 ,0.001
Ratio of white to red meat 3.6 6 2.4 5.1 6 2.6 6.6 6 2.5 ,0.001
Total fiber 5.5 6 3.2 8.1 6 2.6 9.3 6 1.6 ,0.001
trans Fat 7.6 6 3.1 8.4 6 2.7 9.3 6 1.9 ,0.001
Ratio of PUFAs to SFAs 3.8 6 2.4 5.3 6 2.6 6.7 6 2.4 ,0.001
Duration of multivitamin use 3.4 6 1.9 4.1 6 2.4 5.1 6 2.5 ,0.001
Alcohol 3.2 6 3.3 4.7 6 3.6 6.2 6 3.6 ,0.001

1 Chi-square test and Fisher’s F statistic (for age and total energy intake) were applied to compare characteristics of 7319 participants as a function of
tertiles of AHEI score. PUFAs, polyunsaturated fatty acids; SFAs, saturated fatty acids.

2 Mean 6 SD (all such values).
3 BMI (in kg/m2) !25 and ,30.
4 BMI !30.
5 The number of subjects with missing values for C-reactive protein and interleukin-6 were 355 and 402, respectively.
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the coefficients for effects of the 9 components that comprised
the total AHEI score were not all equal. Model 2 also showed
that consumption of nuts and soy, total fiber, and moderate al-
cohol, and, to a lesser extent, the ratio of white to red meat,
remained associated with a decreased risk of all-cause mortality,
after adjustment for other AHEI components (Table S5 under
“Supplemental data” in the online issue). No association was
observed between other components of the AHEI and all-cause
mortality risk.

Further analyses were performed to identify which of the AHEI
components contributed most to the decreased mortality risk
associated with adherence to the AHEI. Cox regression models
were performed separately for each component and were adjusted
for a modified total AHEI score that excluded the component
considered in the analysis. Of the 9 components, consumption of
nuts and soy and moderate alcohol intake were significantly as-
sociated with a decreased risk of all-cause mortality, independent
of the modified AHEI score and after potential confounders were
controlled for (Table 3). The observed attenuation of the asso-
ciation between the AHEI computed without the alcohol com-
ponent and mortality risk suggested that this component makes
a major contribution to the association between the AHEI and the
risk of both all-cause mortality and CVD mortality. In addition,
when the AHEI was computed without the nuts and soy compo-
nent, a similar attenuation of the association between the modified
AHEI and CVD mortality was observed, which highlights the
importance of this component in the AHEI in the assessment of
CVD mortality risk.

DISCUSSION

The results from a large British occupational cohort suggest
that adherence to the AHEI is associated with a decreased risk
of mortality over an 18-y follow-up. After a wide range of
sociodemographic factors, health behaviors, and health status
measures (which included major cardiovascular and metabolic
risk factors and inflammatory markers) were controlled for,
participants in the highest third of the AHEI score had ’25%
lower risk of death from all causes and .40% lower risk of

death from CVD, compared with those in the lowest third. There
was evidence that the 9 components of the AHEI did not predict
mortality equally. Of these components, alcohol, nuts and soy,
total fiber, and, to a lesser extent, ratio of white to red meat were
associated with a decreased risk of mortality independent of
other components. Our analyses highlight particularly the major
role of the alcohol and nuts and soy components in the associ-
ation between the AHEI and decreased risk of mortality. Our
findings are consistent with those of several studies that have in-
vestigated other diet-quality scores and mortality. The majority of
these investigations focused on the Mediterranean diet score,
which measures adherence to a traditional Greek Mediterranean
type of diet (11) characterized by high intake of fruit, vegeta-
bles, cereal, potatoes, and fish; high ratio of polyunsaturated
fatty acids to saturated fatty acids; low intake of meat (white and
red) and dairy products; and moderate alcohol consumption. Those
studies support an inverse association between Mediterranean
diet score and all-cause, CHD, and cancer mortality (21). Although
the Mediterranean diet has similarities to the AHEI, the use of the
latter in a British population can be justified by the closer match
between traditional British and US diets. Indeed, a previous report
from the present cohort showed no evidence of beneficial effects
of the “Mediterranean-like” diet pattern identified by cluster anal-
ysis (2).

Our findings emphasize the importance of a high intake of nuts
and soy, a high ratio of white to red meat, a high intake of fiber,
and moderate alcohol intake in the decrease of all-cause mortality.
These findings are in agreement with results from other studies that
have shown a decreased risk of all-cause mortality in relation to
higher dietary intakes of fiber (22). The protective effect of moderate
alcohol consumption on all-cause and CVD mortality, shown to be
independent of other AHEI components, is also consistent with
results of a meta-analysis that confirmed the beneficial effect of
moderate drinking in terms of survival (23). With regard to meat
consumption, the high ratio of white to red meat shown to be as-
sociated with a decreased risk of all-cause but not CVDmortality in
our study is in accordance with the findings of a recent study carried
out among more than half a million Americans (24), in which high
consumption of red meat was associated with an increased risk of

FIGURE 2. Associations between Alternative Healthy Eating Index (AHEI) tertiles (T) and all-cause and cause-specific mortality over 18 y of follow-up
for the 7319 Whitehall II participants. Cox proportional hazards models were adjusted for sex, age, ethnic group, marital status, occupational grade, smoking
habits, total energy intake, physical activity, BMI categories, concentrations of inflammatory markers (C-reactive protein and interleukin-6) categorized in
tertiles, metabolic syndrome status, prevalence of cardiovascular disease (CVD), dyslipidemia, hypertension, and prevalence of type 2 diabetes status at
baseline. For 7 participants, data on cause of death were missing.
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all-cause and CVD mortality, whereas high consumption of white
meat was associated with a decreased risk of all-cause mortality but
with an increased risk of CVD mortality.

Some AHEI components were not shown to be associated with
mortality risk. This was the case, for example, for the trans fat
component, for which healthy rates were unexpectedly observed
in the lowest AHEI tertile. In 1980, mean intake of trans fat in the
Nurses’ Health Study was estimated to be 2.2% of energy intake
(25), compared with 0.4% in the present study (results not shown).
The original cutoffs we used ("0.05% of total energy intake), al-
though considered to be ideal in the original score, may not be
appropriate in this British cohort and may explain the absence of
association in our study. Similarly, the high consumption of fruit
and vegetables, even among participants in the lowest tertile of the
AHEI scores, shows a ceiling effect, which may explain why the
fruit and vegetable components were not associated with mortality.
We observed a protective effect on both all-cause and CVD mor-
tality for consumption of nuts and soy products. These are the 2
important sources of protein in vegetarian diets (12), and the intake
of dietary fiber (the component most strongly correlated with fruit
and vegetable consumption in our study) may partially account for
the beneficial effect of a diet rich in fruit and vegetables (12).

In this report we also sought to examine which components
contributed most to the association observed between overall diet
and mortality. The attenuation of the association between mod-
ified AHEI score computed without the alcohol component and
mortality risk highlights evidence that moderate alcohol intake
substantially contributes to the decrease in mortality associated
with the AHEI score. Similarly, our study highlighted the high
contribution of the nuts and soy component to the AHEI-CVD
mortality relation.

Our study was limited by the assessment of dietary intake. We
used a semiquantitative FFQ that covers only specific foods and is
recognized to be less precise than dietary assessment by diary
records. However, we have shown previously that nutrient intake
estimated by the FFQ method is well correlated with biomarker
concentrations and with intake estimates from the generally more
accurate 7-d diary in this study (18). To measure overall diet we
decided to derive dietary patterns theoretically by the application
of an “a priori” approach. Because the AHEI was originally
designed for American populations, the cutoff used for some
components, such as the one for trans fat, might not be optimal
to assess the association between trans fat intake and health
outcomes in a British population and should be reevaluated.
However, compared with the use of indexes such as the Medi-
terranean diet score (in which the cutoffs used for 7 of its 9 items
are defined in accordance with the median of the food/nutrient
intakes in the population studied) or other approaches (in which
dietary patterns are derived “a posteriori” with the use of data-
driven methods), the AHEI provides clear and concrete guide-
lines, which allows comparison between studies.

The extent to which our results are generalizable is an im-
portant consideration. Whitehall II study participants are mainly
white, office-based civil servants who worked in London at study
baseline (17). Because low socioeconomic status has been shown
to be related to high-risk health behavior (which includes diet)
and a higher rate of mortality in this cohort, the results may
represent an underestimation of the association between AHEI
and mortality risk reported in the general population.

To the best of our knowledge, this study is the first to provide
epidemiologic evidence that adherence to dietary recommen-
dations of the AHEI may decrease the long-term risk of all-cause

TABLE 3
Association between Alternative Healthy Eating Index (AHEI) components and all-cause mortality risk and cardiovascular disease (CVD) mortality risk1

AHEI components

Association between AHEI components and all-cause
mortality risk (534 deaths/7319 participants)

Association between AHEI components and CVD mortality
risk (141 CVD deaths/6926 participants)

Effect of AHEI
component z score

Effect of AHEI z
score computed without

the component
Effect of AHEI

component z score

Effect of AHEI z score
computed without the

component

HR2 95% CI P value HR3 95% CI P value HR2 95% CI P value HR3 95% CI P value

Vegetables 1.06 0.96, 1.16 0.27 0.83 0.76, 0.92 ,0.001 0.96 0.80, 1.16 0.70 0.79 0.66, 0.96 0.02
Fruit 1.02 0.92, 1.12 0.75 0.85 0.77, 0.94 0.001 1.06 0.88, 1.29 0.53 0.75 0.62, 0.91 0.003
Nuts and soy 0.90 0.82, 0.99 0.03 0.89 0.81, 0.98 0.01 0.80 0.65, 0.95 0.01 0.85 0.71, 1.01 0.07
Ratio of white to red meat 0.94 0.86, 1.03 0.19 0.88 0.80, 0.97 0.01 0.95 0.80, 1.14 0.61 0.79 0.66, 0.96 0.02
Total fiber 0.93 0.84, 1.04 0.21 0.89 0.81, 0.98 0.02 0.91 0.74, 1.12 0.36 0.82 0.67, 0.99 0.04
trans Fat 1.07 0.98, 1.18 0.14 0.83 0.81, 0.91 ,0.001 1.08 0.89, 1.30 0.44 0.75 0.62, 0.90 0.003
Ratio of PUFAs to SFAs 1.03 0.94, 1.13 0.52 0.84 0.76, 0.93 ,0.001 1.02 0.86, 1.22 0.79 0.76 0.63, 0.92 0.006
Duration of multivitamin use 0.99 0.90, 1.08 0.80 0.86 0.78, 0.94 0.002 1.03 0.87, 1.23 0.71 0.77 0.64, 0.92 0.005
Moderate alcohol 0.84 0.77, 0.92 ,0.001 0.92 0.83, 1.00 0.06 0.80 0.67, 0.96 0.01 0.84 0.70, 1.00 0.06
Total AHEI score4 — — — 0.86 0.78, 0.94 0.001 — — — 0.78 0.65, 0.94 0.008

1 Cox regression models were performed separately for each component and were adjusted for a modified total AHEI score that excluded the component
considered in the analysis and for sex, age, ethnicity, occupational grade, marital status, smoking status, total energy intake, physical activity, BMI categories,
prevalent CVD, type 2 diabetes, hypertension, dyslipidemia, metabolic syndrome, and inflammatory markers. HR, hazard ratio; PUFAs, polyunsaturated fatty
acids; SFAs, saturated fatty acids.

2 HR of mortality associated with each increase of 1 SD of component score. Cox proportional hazards regression models were performed.
3 HR of mortality associated with each increase of 1 SD of total AHEI score.
4 Each AHEI component contributed from 0 to 10 points to the total AHEI score (See Table S1 and Appendix under “Supplemental data” in the online

issue), except for the multivitamin component, which was dichotomous and contributed either 2.5 points (for nonuse) or 7.5 points (for use). A score of 10
indicates that the recommendations were fully met, whereas a score of 0 represents the less healthy dietary behavior. Intermediate intakes were scored
proportionately between 0 and 10.
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and CVD mortality. Our findings emphasize the benefit of ad-
herence to the AHEI and suggest that encouragement of the
consumption of nuts and soy products and white meat instead of
red meat, a high fiber intake, and moderate alcohol consumption
may have a significant benefit in terms of a decrease in all-cause
and cardiovascular mortality. Our analyses underline the impor-
tance and usefulness of observational studies to evaluate the
benefit of the introduction of dietary recommendations into public
health promotion packages.
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