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Background. Links between dietary quality and abdominal obesity are poorly understood. Objective. To examine the association
between an obesity-specific dietary quality index and abdominal obesity risk in women. Methods. Over 12 years, we followed 288
Framingham Offspring/Spouse Study women, aged 30–69 years, without metabolic syndrome risk factors, cardiovascular disease,
cancer, or diabetes at baseline. An 11-nutrient obesity-specific dietary quality index was derived using mean ranks of nutrient
intakes from 3-day dietary records. Abdominal obesity (waist circumference >88 cm) was assessed during follow-up. Results. Using
multiple logistic regression, women with poorer dietary quality were more likely to develop abdominal obesity compared to those
with higher dietary quality (OR 1.87; 95% CI, 1.01, 3.47; P for trend = .048) independent of age, physical activity, smoking,
and menopausal status. Conclusions. An obesity-specific dietary quality index predicted abdominal obesity in women, suggesting
targets for dietary quality assessment, intervention, and treatment to address abdominal adiposity.

1. Introduction

More than 60% of adult females in the United States
have abdominal obesity [1], a condition that indepen-
dently predicts mortality [2], major morbidities [3], and
metabolic risk factors [3] in women. Recent data suggest
that waist circumference and the prevalence of abdominal
obesity continue to increase [1]. Women may be at greater
risk for abdominal obesity due to weight gain following
pregnancy [4] and/or hormonal fluctuations at menopause,
which shift body fat distribution from peripheral regions
to the abdomen [5]. Current expert guidelines recommend
initiating weight loss treatment in women whose waist
circumference is >88 cm (or BMI 25 to 29.9 kg/m2) and who

have two or more comorbidities, such as type 2 diabetes,
cardiovascular disease (CVD), hypertension, or dyslipidemia
[6]. Although abdominal fat decreases with weight loss, there
is no consensus on an appropriate evidence-based preventive
and treatment nutrition model to control abdominal obesity,
and dietary interventions to sustain long-term weight loss
(>1 year) have not been identified. Many investigations
of abdominal obesity measures and diet have focused on
single-nutrients (e.g., alcohol, fat, protein) [7]; however,
identification of the isolated nutritional effects is confounded
in observational research by the coexistence of dietary factors
in the foods we eat [8]. Examination of the total diet and
nutrient intake patterns of individuals may provide better
measures of diet exposure, helping identify individuals who
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may benefit from targeted nutritional risk interventions [9,
10]. Few studies have evaluated overall dietary quality using
composite dietary indices/scores in relation to abdominal
adiposity, [10–16] and the majority are cross-sectional
investigations [11–15]. Further, none of the existing com-
posite dietary quality indices/scores are based on a specific
evidence basis for the most consistent dietary determinants
of abdominal or peripheral obesity. The concept of a disease-
specific dietary quality index is unique and important since
general indices without disease-specificity have not been
predictive of all major chronic diseases in women [17,
18]. A dietary quality index/score that combines specific
dietary determinants of obesity may be more helpful than
existing approaches in identifying diet-obesity associations
and may offer new insights into nutritional risk assessment,
preventive intervention and treatment for abdominal obesity
risk reduction. A nutrient-based approach, such as this, is
appropriate because nutrient targeting influences patterns of
food intake [9, 19, 20], and the core of all US population-
based dietary guidelines and nutrition policy for maintaining
health focus on achieving optimal nutrient intake with both
nutrient and food-based messages.

This investigation prospectively examined the relation-
ship between dietary quality and development of abdominal
obesity in women, which has not been adequately addressed
in current literature. We evaluated the ability of a novel
obesity-specific nutritional risk score (ONRS) to predict
development of abdominal obesity over 12 years in healthy
women.

2. Subjects and Methods

2.1. Participants. The Framingham Study is a longitudinal
population-based investigation that began in 1948 to study
the progression of CVD. Detailed methods have been
described elsewhere [21]. Briefly, cohort members were 5209
men and women, aged 28 to 62 years, from the town of
Framingham, MA. In 1971, 5124 adult children and their
spouses of the original cohort were invited to participate
in the Framingham Offspring-Spouse Study (FOS). This
second-generation cohort (2483 men and 2641 women) par-
ticipated in clinical examinations every 4 years, on average.
Each clinical visit, conducted according to a standardized
protocol, consists of an updated, detailed medical history and
a complete physical exam with laboratory and noninvasive
diagnostic testing.

Of the 1956 women who attended the third examination
(Exam 3, 1984–1988), only 1265 (65%) had completed a
3-day dietary record [9]. Of those 1265 women, 288 were
not abdominally obese (waist circumference ≤88 cm), aged
30 to 69 years, and presented without CVD (including
coronary heart disease and stroke), cancer, diabetes or
metabolic syndrome (MetS) risk factors at baseline (Exam
4, 1988–1992), and comprise the sample for these analyses.
Waist circumference was first assessed at Exam 4; therefore,
evaluation of baseline characteristics and covariates, except
physical activity (Exam 2), also come from this exam.
Diet exposure is Exam 3, not Exam 4, for these analyses

because this is the collection time point for the 3-day dietary
records; this approach is consistent with other published
FOS research [10]. Follow-up was assessed through Exam 7
(1998–2001) for a total of 12 years.

All participants provided written informed consent. All
protocols were approved by the Human Subjects Insti-
tutional Review Board of the Boston University Medical
Campus and Boston Medical Center.

2.2. Diet Assessment and Nutritional Risk Score. Diet was
assessed from 3-day dietary records completed at the Exam
3 clinic visit according to standardized research protocols
[22, 23]. Participants were instructed by a registered dietitian
to record all foods consumed over 2 weekdays and 1 weekend
day without deviation in their current eating behavior. To
quantify portion sizes, participants were trained using a
validated 2-dimensional pictorial food portion model [23].
Trained coders reviewed and coded the dietary records
following formal protocols. Nutrient intake calculations were
performed using the Minnesota Nutrition Data System
software (version 2.6; Food Database 6A; Nutrient Database
23; Nutrition Coordinating Center, University of Minnesota,
Minneapolis, MN). Three-day mean nutrient intake esti-
mates were determined for each participant.

We previously validated our approach to composite
nutrient risk score assessment in this cohort [9] and we used
this approach to construct the obesity-specific nutritional
risk score (ONRS). The new ONRS is based on dietary
factors that have been shown to either promote or protect-
against general obesity [24–27]. Potential components of the
nutritional risk score were identified by reviewing existing
dietary composite indices [9, 28, 29], as well as the extensive
literature on diet and obesity in human studies. We selected
eleven components to include in the ONRS: total energy
(kJ), energy density (kJ/g), carbohydrate (% energy), pro-
tein (% energy), total, monounsaturated, polyunsaturated,
and saturated fats (% energy), fiber (g/4184 kJ), calcium
(mg/4184 kJ), and alcohol (% energy).

The methodology used to calculate the ONRS is similar
to that of our previously validated Framingham Nutritional
Risk Score as described in the original validation of dietary
patterns in the FOS cohort [9]. Ranking of individual
nutrients in the score is based on the number of women in
the sample where each nutrient is ranked from 1 (low risk)
to 288 (high risk) for every woman with completed 3-day
dietary records. Ranks are assigned so that a woman with a
desirable nutrient intake level (protective nutrients) receives
a lower rank while a woman with an undesirable nutrient
intake level (risk-promoting nutrients) receives a higher
rank. Energy, energy density, alcohol, and total, saturated,
monounsaturated, and polyunsaturated fat intakes were
ranked low to high, whereas protein, carbohydrate, fiber, and
calcium intakes were ranked high to low. The mean ranks
of each individual nutrient are used to calculate the overall
nutritional risk score of each woman. These composite scores
are then ranked and categorized into tertiles.

Monounsaturated and polyunsaturated fats were ranked
as risk-promoting nutrients in contrast to some reports
suggesting that they may be protective [30, 31]. This was
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done because the majority of monounsaturated fat con-
sumed by FOS women in this time-frame was derived from
animal sources with higher saturated fat content rather than
plant sources, and the polyunsaturated fat levels contained
partially hydrogenated margarine rather than marine or
plant oils.

2.3. Outcome Measure. The main outcome was development
of abdominal obesity at any time point during follow-up.
Abdominal obesity was defined according to the recom-
mended waist circumference level for women (>88 cm) [6].
Waist circumference was measured at clinic visits at the
umbilicus with participants standing and the tape measure
parallel to the floor, according to standard protocol.

2.4. Covariates. Metabolic and anthropometric measure-
ments are routinely collected at clinic visits according to
validated methods [32, 33]: systolic and diastolic blood
pressure (duplicate measurements), fasting lipids [total
cholesterol, high density lipoprotein (HDL), low density
lipoprotein (LDL), and triglycerides], fasting glucose, and
BMI (height and weight). The National Cholesterol Edu-
cation Program’s Adult Treatment Panel III cutoffs were
used to evaluate each woman’s MetS risk factors [34].
Women were considered to be free of MetS risk factors
according to the following criteria: glucose <110 mg/dL,
blood pressure <130/<85 mmHg, triglycerides <150 mg/dL,
HDL >50 mg/dL, and waist circumference ≤88 cm.

Selected socio-demographic and behavioral characteris-
tics are also assessed at clinic visits. Self-reported dietary
behavior was evaluated using the Framingham Food Habit
Questionnaire and included adherence to a modified diet
(currently “on a diet”) and usual weight pattern described
as stable (±5 pounds) or fluctuating (±10 pounds) body
weight. Other self-reported characteristics included age,
smoking status, physical activity, parity, menopausal status,
and use of hormone replacement therapy. Physical activity
was assessed using a standardized questionnaire [35] at
Exam 2 (1979–1983) and not at Exam 3; these values were
used in the analyses consistent with published Framingham
protocols [29].

2.5. Statistical Analysis. Age-adjusted mean levels of baseline
characteristics and nutrient intakes were computed for each
nutritional risk score tertile. The GLM procedure in SAS
(analysis of covariance) was used to compute age-adjusted
means for continuous variables. Logistic regression (SAS
procedure LOGISTIC) was used to compute age-adjusted
proportions for dichotomous variables. Bonferroni’s correc-
tion was used to adjust for multiple comparisons in analyses
of baseline characteristics and nutrient intakes. The primary
research goal was to examine the association between dietary
quality, assessed by the ONRS, and development of abdom-
inal obesity. Stepwise multiple logistic regression was used
to evaluate other variables that were related to abdominal
obesity. After the stepwise regression, we constructed a
final model to establish that the variables did not attenuate
the ONRS-abdominal obesity relationship. The final, fixed
model included the following variables: age (continuous),

physical activity (continuous), menopausal status (yes/no)
and smoking status (never, former, or current smokers).
Metabolic, anthropometric, and demographic variables that
did not differ at baseline according to nutritional risk score
tertile were not identified as confounders and were thus
not added to the model. Odds ratios (ORs) were calculated
for each nutritional risk score tertile of the ONRS with the
lowest tertile as the referent group. The P-value for trend
was determined using the tertile groups of the ONRS in a
continuous form. Alpha was set at 0.05 for main outcome
statistical testing.

Secondary analyses adjusting for age, physical activity,
menopausal status, and smoking status, were conducted to
determine the relationship of individual nutrient risk score
components to abdominal obesity. Intakes of each index
component were ranked low to high and categorized into
tertiles, and ORs were calculated for each intake tertile with
the lowest tertile as the referent group. The P-value for trend
was determined using the tertile groups of intake for each
individual nutrient in a continuous form. Alpha was set at
0.05 for this set of secondary analyses.

All analyses were performed using SAS software (version
9.1; 2003, SAS Institute, Cary, NC).

3. Results

At baseline, women with higher dietary quality (i.e., lowest
nutritional risk tertile) were significantly older and smoked
less during their lifetimes (Table 1). These women did not
differ across tertiles in other baseline characteristics. Their
metabolic profiles reflect the health status of this disease-
free cohort at baseline; their blood pressure, total cholesterol,
LDL, HDL, triglyceride, and blood glucose levels were within
normal ranges.

Nutrient intakes differed according to dietary quality
(Table 2). Relative to women with higher dietary quality
(i.e., lowest nutritional risk tertile), women with the poorest
dietary quality (i.e., highest nutritional risk tertile) had lower
intakes of fiber, calcium, protein, and carbohydrate, higher
energy-dense diets, and higher intakes of total energy, alcohol
and total, saturated, polyunsaturated, and monounsaturated
fats.

The overall incidence of abdominal obesity over 12 years
was ∼52% (n = 149; Table 3). The ONRS was directly related
to abdominal obesity (P for trend = .048). In multiple
logistic regression analyses adjusted for age, physical activity,
menopause, and smoking status, women in the highest
nutritional risk tertile were 1.87 (95% CI, 1.01, 3.47) times
more likely to become abdominally obese compared to those
in the lowest tertile of nutritional risk.

In secondary analyses that explored all ONRS nutrients
individually, carbohydrate intake was inversely associated,
while monounsaturated fat intake was positively associated,
with development of abdominal obesity (P for trend <.05).
In multiple logistic regression analyses adjusted for age,
physical activity, menopause, and smoking status, compared
to the lowest tertile of intake, odds of becoming abdominally
obese were lower in the highest tertile of carbohydrate intake
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Table 1: Baseline characteristics of 288 healthy women without abdominal obesity (waist circumference ≤88 cm) in the Framingham
Offspring-Spouse Study according to dietary quality1,2.

Obesity-Specific Nutritional Risk Score3

Higher Lower

Dietary Quality Dietary Quality

Tertile 1 Tertile 2 Tertile 3

Characteristic n = 96 n = 96 n = 96

Age (years) 51.7 (0.88)a 48.0 (0.88)b 46.1 (0.88)b

Weight (kg)4 60.0 (0.74) 59.9 (0.72) 60.6 (0.73)

BMI (kg/m2) 22.9 (0.23) 22.6 (0.23) 23.0 (0.23)

Waist Circumference
(cm)

71.9 (0.63) 72.0 (0.62) 73.4 (0.63)

Physical Activity
Index5 37.5 (0.65) 37.4 (0.64) 36.2 (0.65)

Current Smoker (%) 10.4 12.5 19.8

Smoking (pack years) 6.0 (1.46)a 6.8 (1.40)a 11.8 (1.44)b

Current Dieter (%) 94.7 94.7 94.6

Fluctuating Weight
(%)

10.1 9.8 11.4

Postmenopausal (%) 59.4 35.4 36.5

On Hormone
Replacement Therapy
(%)

9.4 9.5 6.3

Parity (# of births) 2.1 (0.15) 2.6 (0.14) 2.4 (0.14)

Systolic Blood
Pressure (mmHg)

111.6 (1.03) 110.3 (1.00) 110.9 (1.01)

Diastolic Blood
Pressure (mmHg)

71.8 (0.72) 70.3 (0.70) 70.9 (0.71)

Total Cholesterol
(mmol/L)6 5.11 (0.09) 4.98 (0.08) 5.05 (0.09)

High Density
Lipoprotein
Cholesterol (mmol/L)

1.64 (0.03) 1.72 (0.03) 1.72 (0.03)

Low Density
Lipoprotein
Cholesterol (mmol/L)

3.08 (0.08) 2.9 (0.08) 2.98 (0.08)

Triglycerides
(mmol/L)7 0.84 (0.03) 0.77 (0.03) 0.75 (0.03)

Glucose (mmol/L)8 4.75 (0.04) 4.77 (0.04) 4.78 (0.04)

1Values are least squares means (SE) or percent. The GLM procedure in SAS (analysis of covariance) was used to obtain age-adjusted means for continuous
variables and to identify subgroups that differed significantly. Logistic regression (SAS procedure LOGISTIC) was used to obtain age-adjusted proportions for
dichotomous variables and to identify subgroups that differed significantly. Both sets of analyses used Bonferroni’s correction for each variable.
2Values in a row with different superscript letters are significantly different from each other (P < .05). Rows with no superscript letters indicate NS differences.
3The risk score was calculated from the consumption of 11 nutrients (protein, carbohydrate, fiber, calcium, alcohol, total fat, polyunsaturated fat,
monounsaturated fat, saturated fat, energy density, and total energy), which were ranked for each woman in the sample.
4To convert kg to pounds divide by 0.454.
5Physical Activity Index scores range from 24 (total bed rest) up to 120.
6To convert mmol/L cholesterol to mg/dL divide by 0.0259.
7To convert mmol/L triglyceride to mg/dL divide by 0.0113.
8To convert mmol/L glucose to mg/dL divide by 0.0555.
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Table 2: Baseline daily nutrient intake profiles of 288 healthy women without abdominal obesity (waist circumference ≤88 cm) in the
Framingham Offspring-Spouse Study according to dietary quality1,2.

Obesity-Specific Nutritional Risk Score3

Higher Lower

Dietary Quality Dietary Quality

Tertile 1 Tertile 2 Tertile 3

Nutrient n = 96 n = 96 n = 96

Total Energy (kJ)4 6258.8 (205.9)a 7124.5 (201.7)b 7247.9 (204.2)b

Energy Density
(kJ/g)5 3.05 (0.08)a 3.77 (0.08)b 4.18 (0.08)c

Total Fat (% energy) 31.6 (0.43)a 37.7 (0.42)b 44.2 (0.43)c

Polyunsaturated Fat
(% energy)

6.4 (0.29)a 8.0 (0.28)b 9.4 (0.29)c

Monounsaturated Fat
(% energy)

11.1 (0.18)a 13.7 (0.18)b 16.2 (0.18)c

Saturated Fat (%
energy)

11.4 (0.26)a 13.2 (0.26)b 15.4 (0.26)c

Alcohol (% energy) 2.9 (0.57) 3.5 (0.55) 4.0 (0.56)

Protein (% energy) 18.1 (0.39)a 16.1 (0.36)b 15.9 (0.37)b

Carbohydrate (%
energy)

49.4 (0.65)a 44.4 (0.63)b 37.1 (0.64)c

Fiber (g/4184 kJ) 14.9 (0.57)a 13.6 (0.56)a 11.1 (0.56)b

Calcium (mg/4184 kJ) 678.3 (28.3)a 685.8 (27.7)a 571.1 (28.1)b

1
Values are least squares means (SE). The GLM procedure in SAS (analysis of covariance) was used to obtain age-adjusted means for continuous variables

and to identify subgroups that differed significantly. This set of analyses used Bonferroni’s correction for each variable.
2Values in a row with different superscript letters are significantly different from each other (P < .05). Rows with no superscript letters indicate NS differences.
3The risk score was calculated from the consumption of 11 nutrients (protein, carbohydrate, fiber, calcium, alcohol, total fat, polyunsaturated fat,
monounsaturated fat, saturated fat, energy density, and total energy), which were ranked for each woman in the sample.
4To convert kJ to kcal divide by 4.184.
5Energy density was calculated by dividing total energy intake by total gram weight of all foods and beverages reported on the 3-day dietary records.

Table 3: Development of abdominal obesity over 12 years in 288 healthy women in the Framingham Offspring-Spouse Study according to
dietary quality1.

Obesity-Specific Nutritional Risk Score3

Higher Lower

Dietary Quality Dietary Quality

Tertile 1 Tertile 2 Tertile 3

n = 96 n = 96 n = 96

Abdominally obese
Overall

Incidence

n (%) 47 (49) 47 (49) 55 (57.3) 149 (51.7)

Odds ratio (95% CI) P for Trend3

Age-adjusted 1 1.20 (0.67, 2.16) 1.86 (1.01, 3.41) 0.044

Multivariate-adjusted4 1 1.23 (0.68, 2.24) 1.87 (1.01, 3.47) 0.048
1

Abdominal obesity defined as waist circumference >88 cm.
2The risk score was calculated from the consumption of 11 nutrients (protein, carbohydrate, fiber, calcium, alcohol, total fat, polyunsaturated fat,
monounsaturated fat, saturated fat, energy density, and total energy), which were ranked for each woman in the sample.
3The P-value for trend was determined using the tertile groups of the Obesity-Specific Nutritional Risk Score in a continuous form. Significance testing P < .05.
4Multiple logistic regression model adjusted for age, smoking, physical activity, and menopause.
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(OR 0.50; 95% CI, 0.27, 0.92) and higher in the highest
tertile of monounsaturated fat intake (OR 1.91; 95% CI,
1.04, 3.52).

4. Discussion

We evaluated dietary quality and its relationship to abdomi-
nal obesity using an 11-nutrient obesity-specific composite
dietary risk index/score developed in the FOS. The ONRS
predicted development of abdominal obesity over 12 years
in women, aged 30 to 69 years, who were free of disease
and MetS risk factors at baseline. Women with eating habits
of poorest dietary quality (i.e., highest nutritional risk)
consumed diets that were significantly lower in protein,
carbohydrate, fiber, and calcium, and higher in total calories,
energy-density, total fat, and alcohol.

Our longitudinal findings support those of cross-
sectional studies investigating the association of a priori
dietary quality indices/scores and abdominal adiposity [11–
13, 15]. For example, Fogli-Cawley et al. [13] found that
adults in the highest quartile of the 2005 Dietary Guidelines
Adherence Index (DGAI) had the lowest waist circumference
compared to those in the lowest quartile (90 cm versus 96 cm;
P for trend across 2005 DGAI quintiles <.001). The 2005-
DGAI uses 20 criteria, each with a maximum value of 1,
reflecting key dietary recommendations in the 2005 Dietary
Guidelines for Americans [36].

These results are also consistent with earlier research
using the Framingham Nutritional Risk Score (FNRS), a
19-nutrient CVD-oriented nutritional risk index, which
also predicted abdominal obesity in FOS women [10].
Compared to women with higher dietary quality (i.e.,
lowest nutritional risk), those with poorer dietary quality
(i.e., highest nutritional risk) had more than a twofold
risk of developing abdominal obesity (OR 2.3; 95% CI,
1.2, 4.3). An advantage of the ONRS, however, is that it
incorporates new foci of research, such as energy density and
evidence-based predictors of obesity-related outcomes (e.g.,
carbohydrate, protein, fat, fiber, calcium, and total calories).
Synergistic mechanisms among nutrients in the ONRS may
be modulating metabolic pathways that may lead to excess
abdominal fat. The lower fat and energy-density combined
with higher fiber and protein intakes in women consuming a
higher quality diet may reduce circulating levels of glucose
and free-fatty acids, which may prevent insulin resistance
and/or high insulin levels, leading to decreased visceral fat
storage [37–39].

The role of diet in abdominal fat accumulation, however,
is not clearly established. The findings of single-nutrient
analyses by Halkjaer et al. [40] did not show total energy
or macronutrient intake as a predictor of five-year changes
in waist circumference in adults. To our knowledge, we are
among the first to prospectively examine development of
abdominal obesity and nutrient intake patterns using an
obesity-specific dietary quality index/score with a specific
energy density component and other evidence-based pre-
dictors of obesity. The results of these analyses suggest that
overall dietary quality influences abdominal adiposity inde-
pendent of age, physical activity, smoking, and menopausal

status. Composite dietary quality appears more informative
than the single nutrient approach in determining risk of
abdominal obesity. While the ONRS cannot be directly
applied “as is”, dietary quality and intakes of the nutrients
that comprise the score could become a new focus as these
results are translated into public policy and assessment,
prevention and treatment recommendations for abdominal
obesity. Specifically, future translational research would
assess nutrient-related risk using the ONRS combined with
an evaluation of established dietary patterns [9] to identify
food- and nutrient-based targets for preventive intervention
to help control abdominal weight gain. As this type of
translational research progresses, we could then encourage
that nutrition interventions be guided by use of both a
composite nutrient index and dietary pattern approach.

In a recent randomized controlled clinical trial [41], a
calorie-reduced diet modeled on the Dietary Approaches
to Stop Hypertension (DASH) protocol resulted in a
significantly greater weight loss and reduction in waist
circumferences in overweight and obese women after 6
months (−14 kg, P = .03 and −5 cm, P = .04, resp.) than
the control group (+1 kg, NS and −1 cm, NS, resp.). The
DASH diet plan emphasizes fruits, vegetables, low-fat dairy,
whole grains, poultry, fish, and nuts and is higher in
calcium and magnesium and lower in total and saturated
fat. It is important to note that longer term efficacy of
this dietary protocol was not determined and that this
protocol may be difficult for some individuals to follow for
extended periods, particularly if it requires major changes
in habitual eating behavior and is not compatible with
personal preferences and tastes. A dietary quality approach
that targets obesity-specific nutrients, as demonstrated by
the ONRS, combined with approaches that are informed by
habitual eating patterns offers an alternative methodology.
This current research suggests that opportunities exist for
a new intervention paradigm that promotes improved
nutrient quality while retaining the beneficial aspects of the
individual’s established eating pattern.

Although our results suggest that higher intakes of
polyunsaturated and monounsaturated fats may increase a
woman’s risk of abdominal weight gain, it is important
to emphasize that the food sources of monounsaturated
and polyunsaturated fats consumed by FOS women in
the mid-1980s baseline time-frame were not derived from
protective plant sources, but rather animal sources high
in saturated fat and partially hydrogenated margarines
potentially high in trans fat, respectively. The increased risk
of abdominal obesity associated with saturated and trans fat
has been demonstrated in animal [42] and human [43, 44]
investigations. Further, current clinical trial literature has
demonstrated a protective effect of monounsaturated and
polyunsaturated fats derived from plant oils on central fat
distribution [45, 46]. If the ONRS were to be applied to
more recent dietary data, it would seem important to alter
the scoring of these fat subtypes to reflect current diets.

In addition, given that the scoring system is based on
ranking within a study population, direct application of
the ONRS is not advised at this time. Future translational
research needs to determine an optimal method of ranking
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individuals in other populations. Before we would advocate
a direct translation of this index, we would wish to conduct
a formal translational research study similar to one we
conducted with FOS food-based dietary patterns developed
from cluster analyses [9, 47]. Translational research of this
nature was beyond the scope of the present study but the
importance of carrying out such analytical research seems
supported by our present findings.

The major strength of this study is the longitudinal
design with long duration of follow-up and direct measure-
ment of the outcome variable (i.e., waist circumference), as
opposed to self-report. Additionally, the ONRS is nutrient-
based, which is consistent with the foundation of the
Dietary Guidelines for Americans [36] for determining ade-
quacy of intake and overall dietary quality. Other strengths
include calculation of dietary quality using energy-adjusted
index components and consideration of a wide range of
potential confounders in stepwise analyses with the final
fixed model adjusted for age, physical activity, smoking,
and menopausal status. In addition, our methodology of
including only components associated with obesity in the
ONRS potentially increased the diagnostic accuracy of the
index. This is a methodological strength in dietary quality
index construction that has recently been noted by Kourlaba
and Panagiotakos [48]. And although our scoring system
approach, in which components of the ONRS are weighted
equally, is consistent with other dietary quality indices
[28, 29], ongoing work is required to refine the use and
construction of such indices.

We acknowledge our relatively small sample size. Our
outcome was development of abdominal obesity; therefore,
it was critical to exclude women with abdominal obesity
and those with related risk factors at baseline. The fact
that fewer than 25% of women in the FOS cohort met
the inclusion criteria underscores the high prevalence of
abdominal obesity and related metabolic risk factors. Despite
the smaller number of women included in this investigation,
we were able to demonstrate the predictive validity between
a lower quality diet and abdominal obesity.

Another limitation is the use of 3-day dietary records
which may introduce error as they have been reported to
underestimate intake [49] and are subject to reporting bias.
We attempted to partially correct for energy misreporting
in that all nutrients are energy-adjusted in the index
using the nutrient-density method (i.e., % kcal or unit of
nutrient/4184 kJ) as discussed in a recent systematic review
[50]. Nonetheless, it is our view that in this lean sample
of women at baseline, energy mis-reporting (notably over-
reporting) would likely have attenuated the results and led
to a failure to detect a relationship between dietary quality
and abdominal obesity. While it is also true that we cannot
assess nutritional risk over time, intakes in the FOS cohort
have been shown to be stable [51].

We also note the potential for bias in our sample since of
the 1956 women who attended Exam 3, only 1265 completed
a 3-day dietary record. Previously, we have compared women
who completed the 3-day dietary records to those who did
not [9]. Women who completed the records were older (∼49
years versus ∼47 years), had lower BMIs (25 versus 26), and

were more likely to be nonsmokers. Further, these results may
not be generalizable to women outside of the FOS as 98%
of these women are white and eating patterns and nutrient
intakes may differ by ethnicity [52]. We further recognize the
importance of socio-economic status; however, information
on this and other potential confounders was not available for
these analyses.

In conclusion, we identified a relationship between
dietary quality assessed using an obesity-specific dietary
quality index/score and accumulation of central body fat.
An energy-adjusted, nutrient-based risk score, like the
ONRS, identifies important components of nutritional risk
assessment for abdominal obesity prevention in women and
suggests that new opportunities exist for preventive nutrition
intervention paradigms that target specific improvements in
dietary quality in the context of the individual’s nutrient
intake pattern. As future research moves to a translational
model, the nutrient components of interest can be translated
into targeted food sources, which can be used to guide
improvements by establishing guidelines for the counseling
process and optimal approaches to dietary interventions.
Strategies of this nature are crucial in planning and imple-
menting programs for abdominal and peripheral obesity risk
reduction and individualized treatment recommendations.
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