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The ability to interpret epidemiologic observations is limited because of potential residual confounding by cor-
related dietary components. Dietary pattern analyses by factor analysis or partial least squares may overcome the
limitation. To examine confounding by dietary pattern as well as standard risk factors and selected nutrients, the
authors modeled the longitudinal association between alcohol consumption and 7-year risk of type 2 diabetes
mellitus in 2,879 healthy adults enrolled in the Framingham Offspring Study (1991–2001) by Cox proportional
hazard models. After adjustment for standard risk factors, consumers of�9.0 drinks/week had a significantly lower
risk of type 2 diabetes mellitus compared with abstainers (hazard ratio ¼ 0.47, 95% confidence interval (CI): 0.27,
0.81). Adjustment for selected nutrients had little effect on the hazard ratio, whereas adjustment for dietary pattern
variables by factor analysis significantly shifted the hazard ratio away from null (hazard ratio ¼ 0.33, 95% CI: 0.17,
0.64) by 40.0% (95% CI: 16.8, 57.0; P ¼ 0.002). Dietary pattern variables by partial least squares showed similar
results. Therefore, the observed inverse association, consistent with past studies, was confounded by dietary
patterns, and this confounding was not captured by individual nutrient adjustment. The data suggest that alcohol
intake, not dietary patterns associated with alcohol intake, is responsible for the observed inverse association with
type 2 diabetes mellitus risk.

alcohol drinking; bias (epidemiology); confounding factors (epidemiology); diabetes mellitus, type 2; diet; factor
analysis, statistical; least-squares analysis; proportional hazards models

Abbreviations: CI, confidence interval; HRadj, hazard ratio adjusted for potential confounders; HRunadj, hazard ratio unadjusted for
potential confounders.

Residual confounding is an important concern in obser-
vational studies focusing on individual dietary factors and
health outcomes. For example, habitual intake of alcohol is
associated with lower incidence of cardiovascular diseases
(1) and type 2 diabetes mellitus (2) and higher incidence of
some types of cancer (3). However, it remains unclear
whether the observed associations are fully attributable to
alcohol intake itself, because of potential residual confound-
ing by unadjusted dietary factors that covary with alcohol
intake.

In observational studies relating individual dietary factors
to health outcomes, confounding by dietary components is
conventionally controlled by a limited number of dietary
factors. Selection of the covariates is often subjective, and

it is unclear whether the selected covariates minimize con-
founding and whether the observed association is indepen-
dent of dietary patterns. To our knowledge, no study relating
a single food or nutrient to a health outcome has addressed
the issue of residual confounding by correlated foods and
dietary patterns.

Various dietary pattern approaches have been used in the
field of nutritional epidemiology (4–8). The advantage of
this approach includes aggregation of the small effects of
individual foods and the feasibility to examine protective or
detrimental associations between overall diet and heath out-
comes. This advantage raises the possibility that the dietary
pattern approach can aggregate small confounding by di-
etary factors. Although confounding by individual foods
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or nutrients may be negligible, net confounding by corre-
lated foods or patterns could result in biased associations
between individual foods or nutrients and health outcomes
(9). Therefore, current dietary pattern techniques may be
useful to aggregate and adjust for the net confounding by
multiple correlated foods.

We used the dietary patterns approach to examine poten-
tial residual confounding of the association between habit-
ual alcohol intake and incident type 2 diabetes mellitus. An
association between alcohol and a disease is particularly
susceptible to confounding by dietary patterns, because
many earlier studies demonstrated that alcoholic beverages
tend to be consumed with certain foods or specific dietary
patterns (5, 6). In this report, we quantified the potential
confounding of dietary patterns on the association between
alcohol consumption and incident type 2 diabetes mellitus
and determined whether the association was attributable to
alcohol itself or dependent on dietary patterns related to
alcohol consumption.

MATERIALS AND METHODS

Study population

The Framingham Offspring Study is a community-based,
prospective, observational study initiated in 1971 among the
offspring generation of the original Framingham Heart
Study (10, 11). During the fifth examination cycle (1991–
1995) of the Framingham Offspring Study (the baseline visit
for these analyses), 3,799 participants underwent a standard-
ized medical examination. The participants were followed
up for 7 years on average from baseline to the sixth (1995–
1998) and seventh (1998–2001) examinations. The times of
failure and censoring for type 2 diabetes mellitus cases and
noncases were determined by the baseline and follow-up
examination dates. Type 2 diabetes mellitus in this study
was defined as being on an oral hypoglycemic drug or in-
sulin use or having a fasting glucose level of �126 mg/dL
(7.0 mmol/L).

Dietary assessment

At the fifth examination, we assessed habitual dietary
consumption using a 126-item semiquantitative food fre-
quency questionnaire (12, 13). Participants were asked to
choose 1 of 9 categories to indicate how often, on average,
they had consumed given amounts of various specified foods
during the past year. Nutrient intakes were calculated by
multiplying the frequency of a food item with each prespe-
cified portion size and the nutrient composition for that item.
The external reproducibility and validity of the food fre-
quency questionnaire are described elsewhere (13–16). Cor-
relation coefficients of repeated measures of dietary pattern
scores and those by different dietary assessment tools
ranged from 0.45 to 0.74 (14). The correlation coefficients
of alcohol intake estimates in different studies were highly
consistent in various cohort studies, ranging from 0.65 to
0.88 (15–17). Habitual alcohol intake was estimated as the
sum of consumption frequencies of 4 types of beverages: red
wine, white wine, beer, and liquor. For these analyses,

alcohol consumption was classified into 5 categories: ab-
stainers and approximate quartile categories based on the
frequency of alcoholic beverage consumption among
drinkers. Other measures of alcohol intake, such as grams
per day, yielded similar results.

Exclusion criteria

Individuals who had been diagnosed with type 2 diabetes
mellitus at baseline (n ¼ 298) were ineligible for these
analyses. We excluded 381 individuals because their dietary
data were deemed to be invalid on the basis of the following
criteria: estimated daily caloric intake <600 kcal/day (2.51
MJ/day), �4,000 kcal/day for women, �4,200 kcal/day for
men, or �12 blank items on their food frequency question-
naire (18). We excluded an additional 193 individuals with-
out follow-up information on outcome measures and 48
individuals without information on covariates: body mass
index (kg/m2), weight change during follow-up, high den-
sity lipoprotein cholesterol, systolic or diastolic blood pres-
sure, and a fasting glucose concentration. Those with
missing variables were not associated with alcohol con-
sumption (P ¼ 0.6) and were more likely to be old, men,
and current smokers and less likely to be physically active
(P < 0.05). Multiple imputations (100 imputations) condi-
tional on the predictors of missingness showed no differ-
ences in results and no appreciable gain in precision. For the
sake of simplicity, we present only the complete-case
analysis.

Statistical analyses

Descriptive statistics. Descriptive statistics were ob-
tained for 3 of the 5 alcohol consumption groups: abstainers
and the second and fourth quartile groups of drinkers. For
continuous variables, means and standard deviations were
estimated. For categorical variables, frequencies and per-
centage across groups determined by alcohol consumption
were calculated. Bivariate associations were tested by anal-
ysis of variance for continuous variables or chi-square tests
for categorical variables.

Cox proportional hazard model. To test the association
between alcohol consumption and type 2 diabetes mellitus
risk and confounding of the association by covariates, we
used a Cox proportional hazard regression model to estimate
the hazard ratios of 4 quartile groups of alcohol drinkers
relative to abstainers. The results did not alter materially
when abstainers were excluded, and the lowest drinking
frequency group among drinkers was used as the referent
group (data not shown), indicating no serious bias due to
inclusion of abstainers or former drinkers as reviewed pre-
viously (2). Ties of the failure and censoring time were
corrected by Efron approximation to yield valid hazard ra-
tios (19). The regression model included the following co-
variates for statistical adjustment: age (<50, 50–64, or �65
years of age), parental history of diabetes (yes/no), body
mass index (<25.0, 25.0–29.9, or �30.0 kg/m2), hyperten-
sion (blood pressure >130/85 mm Hg or receiving therapy),
hyperglycemia (fasting blood glucose 100–126 mg/dL), tri-
glyceride concentration (�150 mg/dL), low high-density
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lipoprotein cholesterol concentration (<40 mg/dL for men
and <50 mg/dL for women), and sex and weight change
over the follow-up (quintiles); these standard factors were
shown to predict diabetes risk in the same study cohort (20).
Caloric intake (quintiles) was also included in the model to
allow isocaloric interpretation; a residual technique was also
performed (21) but not presented because it had no impact
on the results. Other variables, such as smoking status, men-
opausal status for women, multivitamin use, and physical
activity, were considered as covariates, but those results
were not presented because the inclusion of these additional
covariates did not affect our estimates.

Statistical tests for confounding. Statistical tests for con-
founding were conducted by estimating a ratio of the hazard
ratio adjusted for potential confounders (HRadj) and the
hazard ratio unadjusted for these factors (HRunadj) as a mea-
sure of confounding, that is, HRadj/HRunadj ratio (22). For
example, if the ratio was 0.9, adjustment for the tested co-
variates would reduce the hazard ratio by 10%. Comparing
the hazard ratio of those with the highest drinking frequen-
cies with that of abstainers, we tested for confounding by the
following nutrients: saturated fatty acids, polyunsaturated
fatty acids, trans-fatty acids, glycemic index, and dietary
fiber. These were used as covariates in the previous studies
relating alcohol consumption to type 2 diabetes mellitus risk
(23, 24). As in the past studies, these dietary covariates were
residualized separately by total caloric intake and then con-
verted to categorical variables (quintile) (21).

Dietary pattern variables. To address our main hypothe-
ses, we tested confounding on the hazard ratio estimates by
dietary patterns. Variables representing dietary patterns
were generated by maximum likelihood factor analysis
and partial least-square analysis (6, 8, 25, 26). Both methods
derived uncorrelated latent variables; in factor analysis, var-
iables were generated to linearly predict covariance among
food groups including alcoholic beverages; in partial least-
square analysis, variables were generated to predict vari-
ation of 4 alcoholic beverages (beer, red wine, white wine,
and liquor) by food groups. Coefficients for the combination
were interpreted as characteristics of dietary patterns de-
rived from factor analysis and partial least-square analysis.
Other latent variable techniques were considered but not
presented. Principal component analysis using the same
food groups would derive components that are functions
of alcoholic beverages, and therefore including the compo-
nents as covariates in the regression model with the alcohol
variable would be overadjustment (25). Reduced rank re-
gression was used to derive variables predicting alcoholic
beverages, and the use of these variables yielded results
similar to those from partial least-square analysis (8, 25).
The further methodological comparison is not presented
because it is beyond the scope of this report.

For both factor analysis and partial least-square analysis,
40 food groups were created by grouping the 126 food items
of the food frequency questionnaire, including alcoholic
beverages (27). The food group variables were logarithmi-
cally transformed to improve normality, after adding 1 to all
variables to avert 0 for the log-transformation.

Factor analysis was used to derive 3 factors predicting the
40 food group variables including the 4 alcoholic beverages,

involving orthogonal rotation to balance total eigenvalues.
Different numbers of factors were considered but are not
presented. The scree plot and eigenvalue <1.0 of prerotated
factors both supported the 3-factor solution; when 1 or 2
factors were selected, the derived factors were little corre-
lated with alcoholic beverage consumption and therefore
considered inappropriate to test confounding; when �4 fac-
tors were selected, the overall conclusion was not substan-
tially different from the presented results (data not shown).
Latent variables were also derived from factor analysis not
including alcoholic beverages as input variables, and use
of the derived variables as covariates did not change our
conclusion. These results are not shown, as this approach
was considered inappropriate to capture correlations among
alcoholic beverages and other foods.

For partial least-square analysis, the 3 latent variables
were derived as a linear combination of the 36 food group
variables predicting the 4 variables of alcoholic beverages:
beer, white wine, red wine, and liquor. More variables could
be derived, but not used, because of little impact on our
results.

After derivation of the latent variables from factor anal-
ysis or partial least-square analysis, we used each or all of
the latent variables as covariates in Cox proportional hazard
models. Because the adjustment is analogous to adjustment
for dietary factors correlated with alcoholic beverages, we
also tested confounding by 36 food groups not including
alcoholic beverages; the 36 log-transformed food group var-
iables were simultaneously included in the regression
model. Statistical adjustment for neither the latent variables
nor the food group variables indicated issues of multicolli-
nearity or overadjustment, according to variance inflation
factors (<2.5) for variables of alcohol consumption in any
models (28).

All statistical analyses were performed by SAS, version
9.1, software (SAS Institute, Inc., Cary, North Carolina).
Results were considered to be statistically significant if
the associated 2-sided P values were less than 0.05 given
the null hypothesis of HRadj/HRunadj equal to 1.0. Excluding
heavy drinkers (i.e., those drinking 4 or more drinks per day,
N ¼ 96) from the analyses as outliers did not alter our
conclusions; hence, they were included in the highest fre-
quency category of alcohol consumption.

Alternatively, using the same data from the Framingham
Offspring Study cohort as presented herein, we also per-
formed Cox proportional hazard regression analyses to test
whether dietary patterns were associated with incident type
2 diabetes mellitus. These analyses are presented in supple-
mentary material posted to the Journal’s website (http://
aje.oxfordjournals.org/).

RESULTS

Compared with abstainers, those individuals with the
highest frequencies of alcoholic beverage consumption
were less likely to be women or to have a parental history
of diabetes mellitus (Table 1). They had a significantly lower
mean body mass index, dietary glycemic index, and intakes
of dietary fiber, saturated fatty acids, and trans-fatty acids.
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Those with the highest frequency of alcohol consumption
had significantly higher mean blood concentrations of total
cholesterol, high density lipoprotein cholesterol, low den-
sity lipoprotein cholesterol, and fasting glucose, as well as
a higher mean diastolic blood pressure. There were signif-
icant nonlinear associations for smoking status, hyperten-
sion, weight change, systolic blood pressure, and plasma
triglycerides across the alcohol consumption groups. Of
these variables, the lowest or the highest prevalence or mean
value was observed in the light drinker group.

Loadings obtained from factor analysis and partial least-
square analysis are depicted in Table 2. The matrix from
factor analysis indicates how consumption of alcoholic
beverages was correlated with other food groups and that
3 patterns were typical in this population. For example,
according to the factor we named ‘‘Western,’’ consumption
of meat and processed meat was positively associated with
beer consumption, but not with red or white wine. Partial
least-square analysis indicated food groups predicting the

variability of different types of alcoholic beverages. Pattern
solutions were similar to those from factor analysis with
respect to correlations between food and alcoholic beverage
consumption.

Results from Cox proportional hazard regression analyses
(Table 3) show that individuals with a higher frequency of
alcoholic beverage consumption had a lower risk of diabe-
tes. The crude model and the model adjusted for diabetes
risk factors showed hazard ratios of 0.45 (95% confidence
interval (CI): 0.27, 0.75) and 0.47 (95% CI: 0.27, 0.81),
respectively. Adjustment for individual nutrients shifted
the hazard ratio slightly; including all of the selected nu-
trients resulted in a hazard ratio of 0.53 (95% CI: 0.29,
0.94).

Results from the tests of confounding by the dietary pat-
tern variables are also presented in Table 3. Adjustment for
Western and prudent patterns had little impact on the hazard
ratios of interest, whereas the alcohol pattern shifted the
adjusted hazard ratios away from the null more than 35%.

Table 1. Descriptive Statistics of Participants in the Framingham Offspring Cohort (N ¼ 2,879) According to

Alcoholic Beverage Consumption Category, 1991–2001

Characteristics of Participantsa
Alcoholic Beverage Consumption, drinks/weekb P

Valuec0 1.1–3.4 ‡9.0

Alcohol, median g/day (range) 0 3.6 (1.5–7.6) 33.9 (14.5–160.8)

No. of subjects 754 574 582

Age, years 55.3 (10.0) 52.8 (9.5) 53.9 (9.4) 0.23

Women, % 62.6 59.1 33.3 <0.001

Current smoking, % 20.3 15.5 24.1 <0.001

Parental history of diabetes, % 17.6 20.7 12.2 <0.001

Body mass index, kg/m2 27.5 (5.0) 27.3 (5.1) 26.9 (4.1) 0.04

Weight change, kg 1.8 (7.5) 2.4 (6.5) 1.2 (5.8) 0.02

Systolic blood pressure, mm Hg 125.1 (19.2) 122.3 (17.5) 127.0 (17.8) <0.001

Diastolic blood pressure, mm Hg 73.7 (10.2) 74.1 (9.9) 75.4 (9.9) <0.001

Hypertension (>130/85 mm Hg
or receiving therapy), %

39.7 34.0 39.9 0.05

Total cholesterol, mg/dL 202.6 (36.8) 202.6 (35.6) 210.3 (36.2) 0.003

Triglyceride, mg/dL 147.7 (91.9) 128.5 (74.7) 143.6 (107.5) <0.001

HDL cholesterol, mg/dL 47.3 (13.8) 51.6 (14.5) 54.0 (15.7) 0.002

LDL cholesterol, mg/dL 125.8 (32.8) 125.3 (32.7) 127.6 (34.1) <0.001

Fasting glucose, mg/dL 94.2 (9.6) 94.5 (9.4) 96.7 (9.4) <0.001

Total energy, kcal/day 1,844.7 (639.7) 1,821.2 (618.5) 2,081.0 (610.2) 0.29

Glycemic index 55.3 (3.6) 54.8 (3.2) 53.6 (3.5) <0.001

Dietary fiber, g/1,000 kcal/day 9.9 (3.4) 10.3 (3.1) 8.5 (2.5) 0.02

Saturated fatty acids, % energy 10.8 (3.0) 10.6 (2.9) 9.8 (2.6) <0.001

trans-Fatty acids, % energy 1.6 (0.9) 1.5 (0.7) 1.3 (0.6) <0.001

PUFA, % energy 5.9 (1.7) 5.8 (1.5) 5.5 (1.7) 0.42

Abbreviations: HDL, high density lipoprotein; LDL, low density lipoprotein; PUFA, polyunsaturated fatty acids.
a For continuous variables, means and standard deviations are presented.
b Drinkers were divided into 4 groups by approximate quartile values of alcoholic beverage consumption among

drinkers; the abstainers and the second and fourth quartile groups of alcoholic beverage consumption are presented

for simplicity.
c P values for the association of alcohol consumption with covariates were tested by analysis of variance for age for

continuous variables and by chi-square tests for categorical variables.
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Table 2. Factor Loadings From Factor Analysis and Partial Least Squares Using 40 Food Groups in the

Framingham Offspring Cohort (N ¼ 2,879), 1991–2001

Food Group

Factor Analysisa Partial Least Squaresa

Western Prudent Alcohol
Beer

Drinkers
Wine

Drinkers
Liquor
Drinkers

Beera 0.21 �0.29 0.09 0.87 �0.01 0.30

Red winea �0.01 �0.16 0.22 0.19 0.47 0.15

White winea �0.06 �0.09 0.32 0.05 0.81 0.09

Liquora 0.07 �0.17 0.15 0.46 0.36 0.94

High-fat dairy 0.32 0.01 0.14 0.13 �0.08 �0.28

Reduced-fat dairy �0.08 0.39 0.00 �0.25 �0.06 �0.01

High-fat dairy desserts 0.35 0.12 �0.06 0.05 �0.20 �0.11

Low-fat dairy desserts �0.01 0.17 0.05 �0.13 0.01 �0.05

Margarine 0.18 0.25 �0.01 �0.11 �0.07 0.06

Nondairy creamers 0.06 �0.02 0.01 0.02 �0.06 �0.07

Fruit juices 0.07 0.26 0.14 0.07 0.21 0.17

Fruits �0.18 0.50 0.35 �0.34 0.13 �0.32

Fruit drinks 0.18 0.15 0.08 0.03 �0.06 �0.22

Tofu and beans �0.01 0.18 0.30 �0.12 0.08 �0.15

Nuts and seeds 0.30 0.24 0.18 0.27 0.06 0.10

Vegetables �0.11 0.22 0.77 0.04 0.48 �0.18

Starchy vegetables 0.26 0.23 0.27 �0.01 �0.01 �0.18

Eggs 0.39 �0.01 0.05 0.26 �0.09 �0.04

Poultry 0.05 0.14 0.35 �0.03 0.15 �0.30

Processed meat 0.61 �0.09 �0.05 0.39 �0.26 �0.03

Liver 0.14 0.00 0.10 0.07 0.06 0.04

Meat 0.55 �0.06 0.12 0.28 �0.05 �0.04

Fish and other seafood 0.00 0.19 0.41 0.10 0.33 0.01

Whole-grain cereal �0.06 0.29 0.07 �0.14 0.04 �0.09

Refined-grain cereal �0.06 0.33 0.06 �0.29 �0.05 �0.14

Refined grains 0.34 0.17 0.13 0.02 0.02 �0.35

Whole grains �0.02 0.35 0.29 �0.07 0.22 �0.10

Pasta 0.12 0.09 0.29 0.10 0.18 �0.44

Chocolate 0.38 0.13 �0.11 �0.07 �0.25 �0.33

Candy without chocolate 0.12 0.20 �0.05 �0.26 �0.11 �0.14

Sweet baked goods 0.46 0.37 �0.07 �0.13 �0.20 �0.26

Miscellaneous sweets 0.12 0.42 0.06 �0.16 0.07 0.00

Vegetable oils 0.19 0.04 0.47 0.18 0.39 �0.18

Chowder/cream soup 0.32 0.05 0.14 0.26 0.14 0.13

Soda 0.38 �0.06 �0.16 0.15 �0.30 �0.09

Low-calorie soda 0.04 0.00 0.10 0.08 0.06 0.11

Coffee and tea 0.12 �0.04 0.11 0.14 0.17 �0.02

Pizza, sandwich, casserole 0.36 �0.01 0.09 0.21 0.00 �0.32

Potato or corn chips 0.48 �0.08 0.05 0.30 0.00 �0.23

Fried foods 0.48 �0.14 �0.03 0.24 �0.21 �0.20

a In factor analysis, 4 alcoholic beverages were included as input variables in addition to the other 36 food group

variables. In partial least squares, 4 alcoholic beverages were used as the outcome set, whereas the other 36 food

group variables were used as the predictor set.
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Adjustment for all the dietary pattern variables from factor
analysis significantly shifted the adjusted hazard ratios away
from the null by 40% (HRadj/HRunadj ratio ¼ 0.60, 95% CI:
0.43, 0.83; P ¼ 0.002). Similarly, adjustment for the vari-
ables derived from partial least-square analysis strengthened
the inverse associations between alcohol consumption and
type 2 diabetes mellitus risk, particularly adjustment for the
dietary patterns predicting beer drinkers and wine drinkers,
but not those predicting liquor drinkers. Adjustment for all
of the partial least-square analysis variables shifted the ad-
justed hazard ratios by 30% (HRadj/HRunadj ratio ¼ 0.70,
95% CI: 0.56, 0.88; P ¼ 0.002). Comparing the adjustment
for these dietary pattern variables with the adjustment for 36
food groups, adjustment for partial least-square analysis

variables showed a narrower 95% confidence interval for
the HRadj/HRunadj ratio ¼ 0.32 (0.88 � 0.56), whereas ad-
justment for factors from factor analysis showed a wider
95% confidence interval ¼ 0.43; the adjustment for 36 food
groups resulted in a 95% confidence interval width of 0.40.
The hazard ratios adjusted for dietary pattern variables were
not affected by additional adjustment for selected nutrients
(data not presented).

DISCUSSION

Using dietary pattern analyses and capturing correlations
between alcoholic beverages and other food groups, we
found that the association between alcohol consumption

Table 3. Results From Cox Proportional Hazard Regression Analyses to Estimate Hazard Ratios of Alcohol Consumers to Abstainers and the

Ratio of 2 Hazard Ratios (HRadj/HRunadj) as an Indicator of Confounding in the Framingham Offspring Cohort (N ¼ 2,879), 1991–2001

Alcoholic Beverage Consumption Frequency, drinks/week
HRadj/HRunadj Ratio

a

0

0.1–1.0 1.1–3.4 3.5–8.9 ‡9.0

Hazard
Ratio

95%
Confidence
Interval

Hazard
Ratio

95%
Confidence
Interval

Hazard
Ratio

95%
Confidence
Interval

Hazard
Ratio

95%
Confidence
Interval

Hazard
Ratio

95%
Confidence
Interval

No. of cases 54 23 37 24 20

% 7.2 5.8 6.5 4.2 3.4

Person-years, no. 5,063.2 2,698.4 3,881.9 3,880.4 3,984.8

Crude model 1.0 0.78 0.48, 1.27 0.91 0.60, 1.38 0.58 0.36, 0.94 0.45 0.27, 0.75

Adjusted modelb 1.0 0.97 0.59, 1.60 0.99 0.65, 1.53 0.68 0.41, 1.11 0.47 0.27, 0.81 Referent

þ SFAc 1.0 0.99 0.60, 1.63 0.99 0.64, 1.52 0.68 0.41, 1.12 0.47 0.27, 0.83 1.01 0.93, 1.10

þ PUFA 1.0 0.97 0.59, 1.58 1.05 0.68, 1.62 0.72 0.44, 1.18 0.50 0.29, 0.87 1.06 0.96, 1.17

þ trans-Fatty acids 1.0 0.98 0.59, 1.61 1.01 0.66, 1.57 0.68 0.42, 1.13 0.47 0.27, 0.82 1.02 0.94, 1.10

þ Glycemic index 1.0 0.94 0.57, 1.55 0.98 0.64, 1.51 0.67 0.41, 1.10 0.47 0.27, 0.83 1.01 0.94, 1.09

þ Dietary fiber 1.0 0.99 0.60, 1.63 0.99 0.64, 1.52 0.68 0.41, 1.12 0.47 0.27, 0.82 1.02 0.96, 1.08

þ All of the above 1.0 0.96 0.58, 1.59 1.06 0.68, 1.65 0.71 0.43, 1.17 0.53 0.29, 0.94 1.13 0.93, 1.37

Variables derived
from factor analysis

þ Western pattern 1.0 0.97 0.59, 1.58 1.00 0.65, 1.54 0.69 0.42, 1.12 0.49 0.28, 0.84 0.95 0.90, 1.01

þ Prudent pattern 1.0 0.98 0.60, 1.60 0.98 0.63, 1.51 0.65 0.39, 1.07 0.41 0.22, 0.76 0.92 0.78, 1.09

þ Alcohol pattern 1.0 0.96 0.59, 1.58 0.89 0.57, 1.38 0.56 0.34, 0.93 0.34 0.19, 0.62 0.74 0.61, 0.92

þ All of the above 1.0 0.96 0.58, 1.57 0.87 0.56, 1.35 0.53 0.32, 0.90 0.33 0.17, 0.64 0.60 0.43, 0.83

Variables derived from
partial least squares

þ Beer pattern 1.0 0.98 0.60, 1.61 0.98 0.64, 1.52 0.65 0.40, 1.07 0.43 0.25, 0.74 0.86 0.76, 0.96

þ Wine pattern 1.0 0.97 0.59, 1.59 0.93 0.60, 1.44 0.61 0.37, 1.01 0.39 0.22, 0.69 0.84 0.72, 0.97

þ Liquor pattern 1.0 0.97 0.59, 1.60 1.00 0.65, 1.53 0.66 0.40, 1.09 0.41 0.23, 0.74 0.96 0.89, 1.03

þ All of the above 1.0 0.98 0.60, 1.61 0.93 0.60, 1.43 0.59 0.36, 0.97 0.35 0.19, 0.63 0.70 0.56, 0.88

36 food groups 1.0 0.93 0.56, 1.56 0.95 0.60, 1.50 0.62 0.37, 1.04 0.35 0.19, 0.66 0.63 0.48, 0.84

Abbreviations: HRadj, hazard ratio adjusted for potential confounders; HRunadj, hazard ratio unadjusted for potential confounders; PUFA, poly-

unsaturated fatty acids; SFA, saturated fatty acids.
a The confounding test ratio is the ratio of the hazard ratio adjusted for the indicated covariates in the first column over the hazard ratio adjusted

for only the standard risk variables.
b Covariates: age (<50, 50–64, or�65 years of age), parental history of diabetes (yes/no), bodymass index (<25.0, 25.0–29.9, or�30.0 kg/m2),

hypertension (yes/no, yes if>130/85 mm Hg or receiving therapy), hyperglycemia (<100 or 100–126 mg/dL), triglyceride concentration (�150 mg/dL

or else), low high-density lipoprotein cholesterol concentration (yes/no, yes if <40 mg/dL for men and <50 mg/dL for women), sex, weight change

over the follow-up period (quintiles), and total caloric intake (quintiles).
c All nutrients are quintiles of residuals derived from regressing on caloric intake.
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and type 2 diabetes mellitus risk was significantly negatively
confounded by dietary patterns. Adjustment for dietary pat-
tern variables showed stronger inverse associations rather
than attenuation. This indicates that consumption of alco-
holic beverages was correlated with dietary patterns that
were positively associated with type 2 diabetes mellitus risk.
Moreover, dietary pattern analyses did not capture the ben-
efit of drinking for reduced risk of type 2 diabetes mellitus in
the study population, indicating that this association was
independent of dietary patterns.

The observed inverse association between alcohol con-
sumption and type 2 diabetes mellitus risk was stronger than
the one based on meta-analysis of past observational stud-
ies; the pooled risk ratio was estimated to be 0.72 (95% CI:
0.62, 0.84) comparing moderate alcohol drinkers with ab-
stainers (2), whereas we showed hazard ratios of 0.47 after
adjustment for the standard type 2 diabetes mellitus risk
factors and 0.33 after additional adjustment for dietary pat-
terns. The difference may be partially attributable to the lack
of adjustment for dietary covariates in the past observational
studies, under the assumption of negligible difference in
study bases between studies, and therefore past studies
likely underestimated the inverse association. Therefore,
our study suggests that epidemiologic findings of this asso-
ciation were confounded by intakes of other foods, because
alcoholic beverages are typically consumed with certain
types of foods. Indeed, a dietary pattern characterized
by high alcohol consumption was often identified in prior
studies (5, 6).

We demonstrated that dietary pattern analyses can aggre-
gate small confounding effects by correlated foods and that
derived pattern variables were useful for confounding ad-
justment. Using a dietary pattern technique is a novel ap-
proach to address the issue of confounding by multiple
correlated food groups (9). Importantly, adjustment for di-
etary pattern variables did not result in attenuation of the
association between alcohol consumption and type 2 diabe-
tes mellitus risk. This indicates that the dietary pattern vari-
ables failed to capture the benefit of alcohol consumption
for type 2 diabetes mellitus risk reduction. This is plausible
because factor and partial least-square analyses derive vari-
ables solely by capturing correlations among food groups
(6–8). Dietary pattern analyses may succeed in describing
certain correlations among food groups, but not in charac-
terizing the benefit of individual food groups. On the basis
of our findings, dietary pattern analyses appear to be useful
to characterize how food consumption covaries and to use
the correlations for analyses and interpretation in studies of
individual foods or nutrients.

To obtain dietary pattern variables, we used factor anal-
ysis and partial least-square analysis (6–8). Factor analysis
derived the variables from correlations between food
groups including alcoholic beverages, whereas partial
least-square analysis derived the variables from regression
between alcoholic beverages and other food groups. The
2 sets of dietary pattern variables resulted in similar out-
comes when used for statistical adjustment in examining
the association between alcohol consumption and type 2
diabetes mellitus. As expected, the 2 techniques were in-
formative about dietary patterns; factor analysis showed

dietary patterns including alcoholic beverages, and partial
least-square analysis showed the food groups predicting
alcoholic beverages consumption. This information pro-
vided by the techniques and the usefulness of the derived
variables as covariates may offer advantages over simulta-
neous statistical adjustment for food groups used as
independent exploratory covariates. A slight difference ap-
peared in the precision estimates from these techniques; in
the present example, partial least-square analysis provided
narrower confidence intervals. Wider confidence intervals,
by using variables derived from factor analysis, are likely
because the derivation of variables captured the variation
unrelated to confounding from the correlations between
alcohol and certain food groups. With regard to the infor-
mation and usefulness of dietary patterns, the choice of
partial least-square analysis, factor analysis, or other latent
variable techniques, such as principal component analysis,
needs further research. Use of these techniques should also
be investigated regarding several assumptions, such as dis-
tribution normality and linear association among dietary
variables.

It is noteworthy that our approach is similar to the pro-
pensity score approach with respect to application of a la-
tent variable (29, 30). A propensity score is generated by
scoring the estimated probability of having a certain expo-
sure level, and it is used as a covariate in a regression
analysis, a matching factor, a stratification variable, or an
inverse probability weight to control for confounding. We
generated dietary pattern variables to collapse between-
foods correlations and used the variables as covariates in
regression analyses. In contrast to the propensity score
technique, dietary pattern techniques allow practical inter-
pretation of diet. Compared with studies of the propensity
score technique with real and simulated data (31, 32),
adopting a dietary pattern approach for statistical adjust-
ment may be premature. However, this technique shows
potential to deal with multiple correlated confounders,
and more discussion is warranted.

Strengths of our study include the longitudinal analyses
based on a well-characterized, community-based cohort and
the availability of high-quality data for both standard risk
factors for type 2 diabetes mellitus and diet. One potential
limitation of this study is that we could not test the pre-
viously reported hypothesis of U-shaped association be-
tween alcohol and type 2 diabetes mellitus risk (2),
because too few subjects in our cohort reported heavy drink-
ing, defined as �5 drinks per day. Hence, this limits the
generalizability of our results regarding heavy drinkers. An-
other limitation is the use of frequency data to assess habit-
ual alcoholic intake. We could not examine potential
associations between type 2 diabetes mellitus risk and con-
sumption patterns, such as variability by day of the week,
binge drinking, and temporal relations of alcohol and food
intake.

In summary, our findings from the Framingham Offspring
Study demonstrated that light to moderate alcohol consump-
tion was inversely associated with type 2 diabetes mellitus
risk, and that this association was independent of differ-
ences in diet between abstainers and drinkers. We demon-
strated that the association was negatively confounded by

Confounding by Dietary Patterns 43

Am J Epidemiol 2009;170:37–45



correlations among food groups, and that adjustment for the
correlated food groups by a dietary pattern approach
strengthened the inverse association. In addition, we have
shown that this dietary pattern approach to adjust for con-
founding can be useful in examining potential associations
between individual foods or nutrients and disease outcomes.
In conclusion, our findings add further evidence to support
the hypothesis that moderate alcohol consumption is asso-
ciated with a decreased risk for type 2 diabetes mellitus;
however, we cannot recommend moderate alcohol con-
sumption solely for the prevention of type 2 diabetes melli-
tus because of the potential adverse health effects associated
with alcohol consumption (33, 34).
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