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Obesity affects one in three American adult women and is associated with overall mortality and major morbidities. A composite diet index to

evaluate total diet quality may better assess the complex relationship between diet and obesity, providing insights for nutrition interventions.

The purpose of the present investigation was to determine whether diet quality, defined according to the previously validated Framingham nutri-

tional risk score (FNRS), was associated with the development of overweight or obesity in women. Over 16 years, we followed 590 normal-weight

women (BMI , 25 kg/m2), aged 25 to 71 years, of the Framingham Offspring and Spouse Study who presented without CVD, cancer or diabetes at

baseline. The nineteen-nutrient FNRS derived from mean ranks of nutrient intakes from 3 d dietary records was used to assess nutritional risk. The

outcome was development of overweight or obesity (BMI $ 25 kg/m2) during follow-up. In a stepwise multiple logistic regression model adjusted

for age, physical activity and smoking status, the FNRS was directly related to overweight or obesity (P for trend¼0·009). Women with lower diet

quality (i.e. higher nutritional risk scores) were significantly more likely to become overweight or obese (OR 1·76; 95 % CI 1·16, 2·69) compared

with those with higher diet quality. Diet quality, assessed using a comprehensive composite nutritional risk score, predicted development of

overweight or obesity. This finding suggests that overall diet quality be considered a key component in planning and implementing programmes

for obesity risk reduction and treatment recommendations.

Diet quality: Nutritional risk score: Obesity: BMI: Dietary quality index

Obesity has reached epidemic proportions in the USA and
affects one in three adult women aged 20 years or older(1).
Recent estimates indicate that 62 % of women are overweight
or obese(1) (BMI $ 25 kg/m2) and experts predict that obesity
will soon surpass tobacco and become the leading cause of
preventable death in the USA(2). Women may be at greater
risk of obesity than men. The sex difference is possibly related
to differences in dietary patterns(3,4), as well as physiological
(for example, decreased RMR) and behavioural (for example,
reduced physical activity) changes associated with ageing(5),
higher levels of body fat and the ability to store more fat(6),
fluctuations in sex hormone concentrations(7), dysregulation
of serotonin(8) and higher leptin levels(9). More noteworthy
is that women may also experience a larger burden of adverse
health outcomes attributable to the disease, including CVD,
hypertension, dyslipidaemia, respiratory and pulmonary dis-
turbances, type 2 diabetes and osteoarthritis(10,11). The direct
and indirect costs of obesity in the USA are estimated to be
more than $117 billion annually(12).

At present, guidelines for obesity prevention and treatment
exist(13 – 17), but there is no consensus on an appropriate

evidence-based preventive and treatment nutrition model or
dietary interventions to sustain long-term weight loss (.1
year). It has been established that very-low-fat(18), low-fat(19)

and low-carbohydrate(20) diets produce short-term weight loss,
but evidence suggests that their long-term ineffectiveness may
relate to their restrictive nature or deviation from the habitual,
sustainable eating patterns of individuals(21). Increasingly,
experts are urging for the development of innovative nutrition
intervention strategies that are guided by research which better
characterises the links between the characteristics and quality
of habitual long-term eating behaviours and obesity-related out-
comes(12,22). Epidemiological investigations that utilise com-
prehensive measures of diet exposures, such as dietary
patterns and diet quality indices, may offer new insights into
nutrition intervention planning for obesity risk reduction. Most
research on diet quality indices and weight-related outcomes
to date is cross-sectional in nature(23 – 32). Of the two prospective
studies that have been conducted, one did not assess obesity
status(33) and the other did not stratify obesity results by sex(34).

The present study prospectively examined the relationship
between diet quality and the development of overweight or
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obesity in women over a broad age range, a subject that is not
adequately addressed in the literature. In the present investi-
gation, we evaluated whether a previously validated, global
diet index, the Framingham nutritional risk score (FNRS)(3),
predicted the development of overweight or obesity over 16
years in healthy, normal-weight (BMI , 25 kg/m2) women.

Methods

Participants

The cohort for this analysis is women of the Framingham
Offspring and Spouse Study (FOS). Detailed methods have
been described previously(35). Briefly, in 1948 the Framing-
ham Study was initiated to identify factors contributing to
CVD development and to study the progression of CVD
among residents from the town of Framingham (MA, USA).
The original cohort consisted of 5209 men and women, aged
28–62 years, representing a two-thirds random sample of Fra-
mingham residents. The FOS began in 1971 and includes adult
children and their spouses of the original Framingham Study
cohort. This second-generation group of 5124 offspring and
spouses are examined, on average, every 4 years. At each
examination, following a standardised protocol, participants
provide an updated, detailed medical history and undergo a
complete physical examination with laboratory and non-
invasive diagnostic testing. Of the 1956 women who attended
the third examination (Exam 3; 1984–88), 1265 (65%) had
completed a 3 d dietary record(3). Of those 1265 women,
590 were normal weight (BMI , 25 kg/m2), aged 25 to 71
years, without CVD (including CHD and stroke), cancer, or
diabetes at baseline (Exam 3) and comprise the study
sample for these analyses. Follow-up was assessed through
to Exam 7 (1998–2001) for a total of 16 years.

The present study was conducted according to the guide-
lines laid down in the Declaration of Helsinki and all
procedures involving human subjects were approved by the
Human Subjects Institutional Review Board of the Boston
University Medical Campus and Boston Medical Center.
Written informed consent was obtained from all subjects.

Diet assessment and nutritional risk score

Diet was assessed from 3 d dietary records completed accord-
ing to standardised research protocols(36,37). At the Exam 3
clinic visit, participants were instructed by a registered dieti-
tian to record all foods consumed over 2 weekdays and 1
weekend day with no deviation in their current eating habits.
To quantify portion sizes, participants were trained using a
validated two-dimensional pictorial food portion model(37).
The dietary records were reviewed and coded by trained
coders following formal protocols. Nutrient intake calculations
were performed using the Minnesota Nutrition Data System
software (NDS version 2.6, Food Database 6A, Nutrient Data-
base 23; Nutrition Coordinating Center, University of Minne-
sota, Minneapolis, MN, USA). For each woman, 3 d mean
nutrient intake estimates were determined. Diet exposure is
considered Exam 3 for these analyses because this was the
time point that the 3 d dietary records were collected.

The FNRS is a validated nutritional risk score to assess diet
quality and is comprised of nineteen nutrients which include

total energy, protein, total fat, monounsaturated, polyunsatu-
rated and saturated fats, carbohydrate, fibre, alcohol, dietary
cholesterol, Na, Ca, Se, vitamins C, B6, B12 and E, folate
and b-carotene(3). Originally, these nutrients were selected
for their relation to CVD risk following a review of the litera-
ture on diet and CVD. Macronutrients and alcohol are pre-
sented as a percentage of total energy, and fibre, dietary
cholesterol and micronutrients are presented per 4184 kJ
(1000 kcal). Although research has found monounsaturated
fat to be beneficial(38), the rationale for ranking this fat sub-
type as a risk nutrient rather than a protective nutrient in the
FNRS was done because the majority of monounsaturated
fat consumed by FOS women in the mid-1980s was derived
from animal rather than plant sources.

The FNRS is calculated using a ranking system of intakes of
each nutrient. The ranking of individual nutrients in the score
is based on the number of women in the sample (n 590) where
each nutrient is ranked from 1 (low risk) to 590 (high risk) for
each woman with completed 3 d 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-promot-
ing nutrients) receives a higher rank. Energy, protein, alcohol,
total, saturated, and monounsaturated fats, dietary cholesterol,
and Na intakes were ranked low to high, whereas polyunsatu-
rated fat, carbohydrate, fibre, Ca, Se, vitamins C, B6, B12, and
E, folate and b-carotene intakes were ranked high to low. The
mean ranks of each individual nutrient are used to calculate
the overall dietary risk score of each woman. These composite
scores are then ranked and categorised into tertiles.

Outcome measure

Body weight was measured at clinic visits with a calibrated spring
balance scale. Participants were weighed wearing lightweight
hospital gowns. Standing height was measured using a stationary
anthropometer with participants standing erect and head positioned
in the Frankfurt plane. The main outcome was development
of overweight or obesity at any time point during follow-up.
To maintain statistical power, overweight and obesity were con-
sidered together. Overweight or obesity was defined according
to the recommended BMI category (BMI $ 25 kg/m2)(14).

Covariates

Anthropometric and metabolic measurements are routinely
collected at clinic visits according to validated, published
methods(39,40): waist circumference at Exam 4, 1988–92,
systolic and diastolic blood pressure (duplicate measure-
ments), fasting lipids (total cholesterol, HDL, LDL, TAG)
and fasting glucose.

Sociodemographic and behavioural characteristics are also
assessed at clinic visits. Self-reported dietary behaviour 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 (^2·7 kg
(5 pounds)) or fluctuating (^4·5 kg (10 pounds)) body
weight. Other self-reported characteristics included age,
smoking status, parity, menopausal status, use of hormone
replacement therapy, use of hypertension or lipid medications
and physical activity.

D. M. Wolongevicz et al.1224

B
ri
ti
sh

Jo
u
rn
al

o
f
N
u
tr
it
io
n

https://doi.org/10.1017/S0007114509992893  Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S0007114509992893


Physical activity was assessed using a standardised ques-
tionnaire(41) at Exam 2 (1979–83) and not at Exam 3; these
values were used in the analyses consistent with published
Framingham protocols(33).

Statistical analysis

Age-adjusted mean levels of baseline characteristics and nutri-
ent intakes were computed for each nutritional risk score tertile.
The general linear model (GLM) procedure in SAS (analysis of
covariance; SAS Institute, Cary, NC, USA) was used to compute
the age-adjusted means for continuous variables. Logistic
regression (LOGISTIC procedure in SAS; SAS Institute, Inc.)
was used to compute age-adjusted proportions for dichotomous
variables. Bonferroni’s correction was used to adjust for mul-
tiple comparisons in analyses of baseline characteristics and
nutrient intakes. The primary research goal was to examine
the association between diet quality, assessed by the FNRS,
and the development of overweight or obesity. Stepwise mul-
tiple logistic regression was used to evaluate variables that
were related to overweight or obesity. Covariates that were
considered include age, physical activity, menopausal status,
smoking status and parity. Metabolic, anthropometric and
demographic variables that did not differ at baseline according

to nutritional risk score tertile were not identified to be confoun-
ders and were thus not added to the model. The final model
adjusted for age (continuous), physical activity (continuous)
and smoking status (never, former or current smokers). The
main analyses are not adjusted for total energy because it is a
component of the nutritional risk score and all nutrients are
energy-adjusted in the index using the nutrient-density
method. OR were calculated for each nutritional risk score ter-
tile of the FNRS, with the lowest tertile as the referent group.
The P value for trend was determined using the tertile groups
of the FNRS in a continuous form. For main outcome statistical
testing, a was set at 0·05.

Secondary analyses consistent with our primary diet quality
model which adjusted for age, physical activity and smoking
status were conducted to determine the relationship of individ-
ual risk score components to overweight or obesity. Intakes of
each index component were ranked low to high and cate-
gorised into tertiles and OR 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.
For these post hoc analyses, a was set at 0·05.

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

Table 1. Baseline characteristics of 590 healthy, normal-weight (BMI , 25 kg/m2) women in the Framingham Offspring and Spouse Study according to
diet quality*

(Least squares (LS) means and 95 % confidence intervals or percentages)

Framingham nutritional risk score†

Higher diet quality Lower diet quality
Tertile 1 (n 197) Tertile 2 (n 194) Tertile 3 (n 199)

Characteristic LSmean 95 % CI LSmean 95 % CI LSmean 95 % CI

Age (years) 48·2a 46·8, 49·5 46·3a,b 45·0, 47·6 45·7b 44·4, 47·1
Weight (kg)‡ 58·9 58·0, 59·7 58·2 57·4, 59·1 58·8 57·9, 59·6
BMI (kg/m2) 22·0 21·7, 22·2 21·9 21·7, 22·2 22·3 22·0, 22·5
Waist circumference (cm) 73·3 72·3, 74·3 73·5 72·4, 74·5 75·0 74·0, 76·0
Physical activity index§ 34·1 33·5, 34·8 33·4 32·8, 34·1 34·1 33·4, 34·7
Current smoker (%) 14·3a 19·8a 41·1b

Smoking (pack years) 6·3a 4·0, 8·5 9·8a 7·5, 12·0 15·2b 12·9, 17·4
Current dieter (%) 90·2 94·3 94·8
Fluctuating weight (%) 7·9 7·5 13·4
Postmenopausal (%) 47·9 41·0 38·5
On hormone replacement therapy (%) 3·6 6·1 4·6
Parity (no. of births) 2·3 2·1, 2·5 2·4 2·2, 2·7 2·5 2·3, 2·7
Systolic blood pressure (mmHg) 116·5 114·6, 118·4 117·1 115·2, 119·0 116·6 114·7, 118·5
Diastolic blood pressure (mmHg) 74·2 73·0, 75·4 74·8 73·6, 75·9 74·4 73·3, 75·6
Hypertension treatment (%) 7·7 9·1 8·1
Total cholesterol (mmol/l)k 5·19 5·07, 5·32 5·24 5·12, 5·36 5·29 5·17, 5·41
HDL-cholesterol (mmol/l) 1·54 1·49, 1·59 1·63 1·57, 1·68 1·59 1·54, 1·64
LDL-cholesterol (mmol/l) 3·24 3·12, 3·35 3·23 3·11, 3·34 3·26 3·15, 3·38
TAG (mmol/l){ 0·92 0·85, 0·98 0·86 0·79, 0·92 0·95 0·89, 1·01
Lipid treatment (%) 0·5 0·5 0·5
Glucose (mmol/l)** 4·84 4·78, 4·91 4·82 4·76, 4·88 4·85 4·79, 4·91

a,b Values within a row with unlike superscript letters were significantly different (P,0·05).
* The general linear model (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.

† The risk score was calculated from the consumption of nineteen nutrients (protein, carbohydrate, fibre, Ca, alcohol, total fat, polyunsaturated fat, monounsaturated fat,
saturated fat, cholesterol, Na, Se, vitamin C, vitamin B6, vitamin B12, folate, vitamin E, b-carotene, total energy), which were ranked for each woman in the sample.

‡ To convert kg to pounds, divide by 0·454.
§ Physical activity index scores range from 24 (total bed rest) up to 120.
kTo convert mmol/l cholesterol to mg/l, divide by 0·00259.
{To convert mmol/l TAG to mg/l, divide by 0·00113.
** To convert mmol/l glucose to mg/l, divide by 0·00555.
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Results

Women did not differ across tertiles in most baseline charac-
teristics (Table 1). Women with higher diet quality (i.e. lowest
nutritional risk tertile) were significantly older and smoked
less currently and during their lifetimes. Those with the poor-
est diet quality scores (i.e. highest nutritional risk tertile) had
lower intakes of energy, carbohydrate, fibre and all micronu-
trients (except vitamin B12) and higher intakes from alcohol
and total, saturated and monounsaturated fats (Table 2).

The overall incidence of overweight or obesity over 16
years was 44 % (n 258; Table 3). In multiple logistic
regression analyses adjusted for age, physical activity and
smoking status, women in the highest nutritional risk tertile
were 1·76 (95 % CI 1·16, 2·69) times more likely to become
overweight or obese compared with those in the lowest (refer-
ent) nutritional risk tertile (P for trend¼0·009). We also
explored associations with quartiles and results were similar
(data not shown). In additional analyses, including total
energy intake in the regression model attenuated the findings
(data not shown).

In post hoc analyses, energy, fibre, alcohol and vitamin E
were inversely associated, while protein was positively
associated, with development of overweight or obesity
(P for trend,0·05). In multiple logistic regression analyses
adjusted for age, smoking status and physical activity, com-
pared with the lowest tertile of intake, the odds of becoming
overweight or obese were lower in the highest tertile of
energy intake (OR 0·56; 95 % CI 0·37, 0·84), fibre intake
(OR 0·51; 95 % CI 0·34, 0·78), alcohol intake (OR 0·67;

95 % CI 0·46, 0·99) and vitamin E intake (OR 0·64; 95 %
CI 0·42, 0·95) and higher in the highest tertile of protein
intake (OR 1·89; 95 % CI 1·25, 2·86).

Discussion

Diet quality, assessed using the validated nineteen-nutrient
Framingham composite nutritional risk score, predicted the
development of overweight or obesity over 16 years in dis-
ease-free FOS women, aged 25–71 years, at baseline.
Women with the poorest diet quality (i.e. highest nutritional
risk) consumed diets that were lower in energy, carbohydrate
and micronutrients and higher in total fat, particularly satu-
rated fat, and alcohol. These findings suggest that overall
diet quality appears to be an important component of the
diet–obesity relationship and provide potential new insights
for use in future translational research on developing preven-
tive nutrition strategies.

We performed independent single-nutrient analyses of
FNRS index components which, for comparison purposes,
controlled for covariates consistent with our primary model.
All results were found to be in agreement with those of the
overall composite FNRS score. Higher energy, fibre and vita-
min E intakes were associated with a lower risk of developing
overweight or obesity. Higher protein consumption was
associated with a higher risk of becoming overweight or
obese in this sample of women who also consumed a
higher-carbohydrate, higher-fat diet. While it is difficult to
draw conclusions regarding alcohol, as consumption levels

Table 2. Baseline daily nutrient intake profiles of 590 healthy, normal-weight (BMI , 25 kg/m2) women in the Framingham Offspring and Spouse Study
according to diet quality*

(Least squares (LS) means and 95 % confidence intervals)

Framingham nutritional risk score†

Higher diet quality Lower diet quality
Tertile 1 (n 197) Tertile 2 (n 194) Tertile 3 (n 199)

Nutrient LSmean 95 % CI LSmean 95 % CI LSmean 95 % CI

Energy (kJ)‡ 7297a 7032, 7561 6966a 6702, 7223 6026b 5762, 6289
Protein (% energy) 16·7a,b 16·1, 17·2 16·3a 15·8, 16·9 17·3b 16·8, 17·8
Total fat (% energy) 33·3a 32·5, 34·1 37·8b 37·0, 38·6 40·7c 39·9, 41·5
Saturated fat (% energy) 11·1a 10·8, 11·5 13·1b 12·7, 13·4 14·9c 14·6, 15·3
Monounsaturated fat (% energy) 11·7a 11·4, 12·0 13·8b 13·5, 14·1 14·9c 14·6, 15·3
Polyunsaturated fat (% energy) 7·9 7·5, 8·3 8·1 7·7, 8·5 7·6 7·2, 8·0
Carbohydrate (% energy) 50·3a 49·3, 51·3 43·9b 42·9, 44·9 38·3c 37·3, 39·3
Fibre (g/4184 kJ) 17·1a 16·5, 17·7 12·6b 12·0, 13·1 9·0c 8·4, 9·5
Alcohol (% energy) 2·0a 1·3, 2·7 3·5b 2·8, 4·2 4·7b 4·0, 5·4
Cholesterol (mg/4184 kJ) 209·7a 194·2, 225·2 243·0b 227·6, 258·4 240·0b 224·6, 255·5
Na (mg/4184 kJ) 2549a 2435, 2664 2553a 2439, 2667 2344b 2230, 2458
Ca (mg/4184 kJ) 762a 727, 797 627b 592, 662 505c 470, 540
Se (mg/4184 kJ) 107a 103, 112 100a 96, 105 87b 82, 91
Vitamin C (mg/4184 kJ) 137·0a 130·2, 143·8 84·6b 77·9, 91·4 50·1c 43·3, 56·9
Vitamin B6 (mg/4184 kJ) 1·8a 1·7, 1·9 1·3b 1·3, 1·4 1·1c 1·0, 1·1
Vitamin B12 (mg/4184 kJ) 5·9 4·5, 7·2 6·7 5·4, 8·0 4·6 3·3, 5·9
Folate (mg/4184 kJ) 313a 301, 326 215b 202, 228 144c 131, 157
Vitamin E (mg/4184 kJ) 9·7a 9·2, 10·3 8·1b 7·6, 8·7 6·2c 5·7, 6·7
b-Carotene (mg/4184 kJ) 4735a 4246, 5224 3359b 2873, 3846 2057c 1570, 2544

a,b,c Mean values within a row with unlike superscript letters were significantly different (P,0·05).
* The general linear model (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.
† The risk score was calculated from the consumption of nineteen nutrients (protein, carbohydrate, fibre, Ca, alcohol, total fat, polyunsaturated fat, monounsaturated fat,

saturated fat, cholesterol, Na, Se, vitamin C, vitamin B6, vitamin B12, folate, vitamin E, b-carotene, total energy), which were ranked for each woman in the sample.
‡ To convert kJ to kcal, divide by 4·184.
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were low (,5 % of energy intake in all tertiles), it is note-
worthy that alcohol appeared to have a protective effect in
the single-nutrient analysis; yet when combined with the set
of nutrients in the composite FNRS, women with lower overall
diet quality consumed more alcohol and were at greater risk of
becoming overweight or obese. Thus, it is important to empha-
sise that single-nutrient comparisons may not reflect the true
magnitude or direction of risk due to food and nutrient colli-
nearity, nutrient synergy and other complex metabolic and
biochemical interactions.

To our knowledge, this is one of the first long-term prospec-
tive investigations of overweight or obesity status specifically
in women in relation to diet quality. As the FNRS contains
both macro- and micronutrients, it may better represent total
diet quality and its reflection of the nutrient density of a diet
may explain its ability to predict development of overweight
or obesity. This finding is consistent with an earlier prospec-
tive investigation that demonstrated a direct relationship
with a five-point diet quality index and weight gain(33). This
index included five nutrients (total and saturated fat, dietary
cholesterol, Na and carbohydrate) and a score of 1 was
given for each nutrient if mean intake levels met the 2000
Dietary Guidelines for Americans (42). Adults with the highest
scores gained less weight over 8 years than those with lower
scores. Average weight gain was about 1·4 kg (3 pounds) for
those with higher-quality diets (i.e. higher scores) compared
with 2·3–3·6 kg (5–8 pounds) for those with poorer-quality
diets (i.e. lower scores) (P,0·05). A recent longitudinal inves-
tigation(34) conducted over 18 months demonstrated that for
every 1-unit increase on the original 1990 healthy eating
index(43) or a modified healthy eating index, based upon the
2005 Dietary Guidelines for Americans (13), the odds of obes-
ity decreased by 3 % in a combined sample of white men and
women in multinomial logistic regression analysis.

The cross-sectional literature using a priori diet quality
indices or scores as correlates of obesity are also consistent
with our findings(31,32). For example, in multivariate-adjusted
analyses, Guo et al. (31) found that American women with
the lowest diet quality measured using the healthy eating
index were 1·7 (95 % CI 1·2, 2·6) times more likely to be
obese than women with higher-quality diets. In Spanish

adults, Schroder et al. (32) demonstrated a significant decrease
in obesity risk for those in the top quartile of healthy eating
index adherence (OR 0·68; 95 % CI 0·52, 0·89) compared
with those in the first quartile in multivariate-adjusted ana-
lyses. In this same investigation(32), men and women in the
top Mediterranean diet score adherence quartile were 0·68
(95 % CI 0·52, 0·89) times less likely to be obese compared
with those in the first quartile. The FNRS also may have
been predictive of overweight or obesity, as it may better cap-
ture dietary variety as reflected in a broad range of macro- and
micronutrients. This is in agreement with cross-sectional data
from Kennedy et al. (44) who found that adults consuming a
diet with more variety had significantly lower BMI and were
less likely to have BMI . 25 kg/m2.

Our research is a step towards moving diet quality index
research into the translational phase of designing dietary
interventions and informing current guidelines for obesity pre-
vention and risk reduction. This is essential, as the prevalence
of obesity in adult women increases substantially each decade
beginning in their twenties and does not decline until
they reach their seventies(45); also, long-term weight loss in
women is disappointing, with estimates that only 5 % of
initially overweight or obese women successfully maintain
at least 5 % of their lost weight at 9 years(46). The FNRS
captures nutrient intake levels in an overall pattern that
poses the greatest risk, as well as the greatest benefit(13).
As demonstrated here, a higher-quality diet appears to be
less obesity promoting and provides support for national nutri-
tion guidelines, which emphasise a balanced eating plan.
While the FNRS cannot be applied directly ‘as is’ to design
targeted nutrition interventions, we have previously linked
the FNRS with food-related dietary patterns, derived using
cluster analysis, in FOS women(3). Since the clusters are
based on foods and food groups, this previous research pro-
vided increased interpretability, as well as a framework for
application of this score in conjunction with food-based
approaches to dietary assessment and intervention. Transla-
tional research has not identified an optimal composite diet
quality index method for obesity risk assessment. Therefore,
as translational research moves forward we would advocate
that preventive nutrition interventions be guided by the

Table 3. Development of overweight or obesity over 16 years in 590 healthy women in the Framingham Offspring and Spouse Study according to diet
quality

Framingham nutritional risk score*

Higher diet quality Lower diet quality
Overall incidence Tertile 1 (n 197) Tertile 2 (n 194) Tertile 3 (n 199) P for trend†

Overweight or obese‡
Subjects (n) 258 73 79 106
Subjects (%) 43·7 37·1 40·7 53·3

OR
Age-adjusted 1·00 1·16 1·92 0·001
95 % CI Reference 0·77, 1·75 1·29, 2·88
Multivariate-adjusted§ 1·00 1·07 1·76 0·009
95 % CI Reference 0·71, 1·62 1·16, 2·69

* The risk score was calculated from the consumption of nineteen nutrients (protein, carbohydrate, fibre, Ca, alcohol, total fat, polyunsaturated fat, monounsaturated fat,
saturated fat, cholesterol, Na, Se, vitamin C, vitamin B6, vitamin B12, folate, vitamin E, b carotene, total energy), which were ranked for each woman in the sample.

† The P value for trend was determined using the tertile groups of the Framingham nutritional risk score in a continuous form. Significance testing was at P,0·05.
‡ Overweight defined as BMI 25–29·9 kg/m2; obesity defined as BMI $ 30 kg/m2.
§ Stepwise multiple logistic regression model adjusted for age, smoking and physical activity.
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combination of composite nutrient index (diet quality) and
dietary pattern approaches.

The major strengths of the present investigation are the
longitudinal design with a long duration of follow-up,
inclusion of a relatively large sample of disease-free normal-
weight women over a broad age range who had otherwise
varying risk factor status and direct measurement of anthropo-
metric outcome variables (as opposed to self-report).
Additionally, the FNRS is nutrient-based, which is consistent
with the foundation of the Dietary Guidelines for Ameri-
cans (13) for determining adequacy of intake and overall diet
quality. Other strengths include consideration of potential con-
founders (age, physical activity, smoking, parity, menopausal
status) and calculation of nutritional risk (diet quality) using
energy-adjusted index components. In contrast, our reliance
on 3 d dietary records may introduce error into estimates of
nutrient intake and result in a lower estimate of diet–obesity
relationships, as 3 d dietary records may not fully capture
usual diet, which would be more strongly connected with
weight. While it is also true that we cannot assess nutritional
risk over time, intakes in the FOS cohort have been shown
to be stable(47). Lastly, 98 % of FOS women are white,
which would limit the generalisability of our findings, since
food and nutrient intake patterns have been shown to differ
by ethnicity(48).

In conclusion, we identified a link between diet quality,
assessed using the FNRS, and risk of becoming overweight
or obese in women. This finding has significant implications
for obesity prevention and treatment, as it suggests the import-
ance of comprehensively assessing nutritional risk, particu-
larly at the time of initiating weight-gain prevention
recommendations and weight-loss interventions. Fundamental
to obesity management is identification of the behaviour to
target in interventions. With respect to diet, focusing on
food intake behaviour is essential. A nutritional risk score
that is comprehensive and nutrient-based, like the FNRS,
allows assessment of overall nutrient intake patterns of indi-
viduals to identify areas for translation to dietary changes in
food patterns, rather than using a more uniform set of inter-
vention guidelines that are potentially irrelevant or more
restrictive than appropriate to the individual. These findings
suggest that obesity risk reduction may be possible through
strategies which optimise the nutrient quality of the individ-
ual’s habitual eating behaviour. They also suggest that diverse
dietary patterns in a population may be possible to maintain,
as long as their nutrient composition and quality are enhanced
by the use of nutrient-dense foods and suitable recipe modifi-
cations. Using this approach in future research would require
the assessment of the individual’s (or population’s) habitual
dietary patterns and their nutritional risk profiles and the
development of options for dietary intervention that achieve
an optimal balance between the individual’s (or population’s)
food preferences, dietary patterns and nutrient-dense foods.
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