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Abstract

Background / Objectives—Diet quality indices are increasingly used in nutrition 

epidemiology as dietary exposures in relation to health outcomes. However, literature on long-

term stability of these indices is limited. We aimed to assess the stability of the validated 

Framingham Nutritional Risk Score (FNRS) and its component nutrients over 8 years as well as 

the validity of the follow-up FNRS.

Subjects / Methods—Framingham Offspring/Spouse Study women and men (n=1 734) aged 

22-76 years wwver 8 years. Individuals' nutrient intake and nutritional risk scores were assessed 

using 3-day dietary records administered at baseline (1984-1988) and at follow-up (1992-1996). 

Agreement between baseline and follow-up FNRS and nutrient intakes was evaluated using 

Bland-Altman method; stability was assessed using intra-class correlation (ICC) and weighted 

Kappa statistics. The effect of diet quality (as assessed by the FNRS) on cardiometabolic risk 

factors was evaluated using ANCOVA.
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Results—Modest changes from baseline (≤15%) were observed in nutrient intake. Stability 

coefficients for the FNRS (ICC: women=0.49; men=0.46; P<0.0001) and many nutrients (ICC 

≥0.3) were moderate. Over half of women and men (58%) remained in the same or contiguous 

baseline and follow-up quartile of the FNRS and few (3-4%) shifted >1 quartile. The FNRS was 

directly associated with BMI in women (P<0.01) and HDL-cholesterol among both women 

(P<0.001) and men (P<0.01).

Conclusion—The FNRS and its constituent nutrients remained relatively stable over 8 years of 

follow-up. The stability of diet quality has implications for prospective epidemiological 

investigations.
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Introduction

Diet is a key determinant of health outcomes (Willett, 1998). Historically, studies have 

focused on single nutrient or food exposures. However, such approaches are inherently 

confounded by food and nutrient collinearities and interactions (Moeller et al., 2007; Willett, 

1998); subsequently, researchers are focusing on broader measures of dietary intake to 

address the confounding.

Dietary quality indices (theoretical dietary patterns) are typically defined relative to expert 

dietary guidelines or composite nutrient scores; conversely, empirically-derived patterns 

define habitual food intake and are derived by cluster and factor analysis or reduced rank 

regression (Moeller et al., 2007). However, a major concern has been that patterns might not 

be stable over time due to changes in dietary behaviors and/or dietary assessment methods 

resulting in failure to detect important diet-disease relationships or attenuation of observed 

effects (Moeller et al., 2007; Willett, 1998). Thus evaluating stability of dietary patterns is 

crucial. While there is increasing evidence of reproducibility and stability of empirically-

derived dietary patterns (Borland et al., 2008; Mishra et al., 2006; Newby & Tucker, 2004), 

data on the stability of dietary quality indices are limited and few studies have examined 

long-term stability of individual or composite nutrient intake despite considerable research 

interest on the importance of this topic (Moeller et al., 2007).

In this report we evaluated the stability of the validated Framingham Nutritional Risk Score 

(FNRS) and its 19 component nutrients over 8 years in the Framingham Heart Study (FHS) 

Offspring/Spouse cohort; we also examined the validity of the FNRS derived at follow-up. 

This study will help ascertain the utility of theoretical patterns in longitudinal nutrition 

studies.

Subjects and Methods

Study Population and Sample

The FHS was initiated in 1948 as a longitudinal study of cardiovascular disease (CVD) and 

other chronic diseases (Dawber, 1980). In 1971, a second generation cohort of 5 124 FHS 
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offspring and their spouses was enrolled, composing the Framingham Offspring/Spouse 

study (FOS). Members of the FOS cohort participate in standardized medical assessments 

about every 4 years (Kannel et al., 1979). At FOS exam 3 (1984-1988), the cohort's dietary 

intake was comprehensively examined and characterized as the Framingham Nutrition Study 

(FNS). These participants, 3 729 women and men aged 18-77 years (73% of the original 

offspring), completed a single 24-h recall and the Framingham food frequency questionnaire 

(FFQ); 67% also completed 3-day dietary records (Millen et al., 2001; Millen et al., 2005). 

Our study sample comprised 949 women and 785 men who participated in exams 3 and 5 

(1992-1996) and provided 3-day dietary record data. A subsample (1 398; 81%) who were 

free of CVD, diabetes mellitus, and cancer at exam 5 were used for the validation of the 

follow-up FNRS. We used the unrestricted sample for the primary analyses in order to 

maximize the statistical power.

Compared to non-participants, FNS participants were older and less likely to smoke 

(P<0.0001). Additionally, FNS women had lower body mass index (BMI), a smaller waist 

circumference (WC), higher HDL-cholesterol concentration, and were more likely to be 

post-menopause while FNS men were less physically active (all P<0.05, data not shown).

The Boston University Medical Center's Human Subjects Institutional Review Board 

approved the study protocol and all participants provided informed consent.

Nutrient Intake and the Framingham Nutritional Risk Score

Nutrient intake was estimated from 3-day dietary records using the Minnesota Nutrition 

Data System (NDS) software (version 2.6; Food Database 6A; Nutrition Coordinating 

Center (NCC), University of Minnesota, Minneapolis, MN (Schakel et al., 1988) as 

described elsewhere (Posner et al., 1992a). A registered dietitian instructed participants to 

record their intake over 2 weekdays and 1 weekend day, while adhering to their usual eating 

practices. Participants estimated food portion sizes using a validated 2-dimensional food 

portion model (Posner et al., 1992b). Trained coders processed dietary records using 

standardized protocols.

The FNRS, which has been published (Kimokoti et al., 2010; Millen et al., 2006; 

Wolongevicz et al., 2009), was computed from the sum of the mean scores of 19 rank-

ordered nutrients among FOS women (n=1 265) and men (n=1 200) using a validated 

methodology (Millen et al., 2001; Quatromoni et al., 2002). In brief, FNRS nutrients were 

CVD risk-related according to 3 categories: selected macronutrients (energy, protein, 

monounsaturated fat (MUFA), polyunsaturated fat (PUFA)); risk nutrients (total fat, 

saturated fat (SFA), alcohol, cholesterol, sodium); and protective nutrients (carbohydrate, 

dietary fiber, calcium, selenium, vitamin C, vitamin B-6, vitamin B-12, folate, vitamin E, β-

carotene). A desirable intake level (e.g. lower fat or higher vitamin intake) was assigned a 

lower rank and a less desirable intake level (e.g. higher fat or lower vitamin intake) a higher 

rank. A higher MUFA intake received a higher rating since it was derived mainly from 

animal sources (e.g. beef fat) rather than vegetable sources (e.g. olive oil) among FNS 

participants. Individuals' nutrient intake and nutritional risk score were estimated at baseline 

(1984-1988) and follow-up (1992-1996). Recommended intake levels were specified 

according to expert nutrition Panels and are consistent with Dietary Guidelines for 
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Americans guidelines (AHA, 2006; FNB, 2005; NCEP, 2001; US DHHS, 2005) (Appendix). 

The FNRS was developed specifically to assess CVD, which is a focus of the FHS (Dawber, 

1980) in contrast to the Healthy Eating Index-2005, a mainly food-based index, which 

measures compliance to Dietary Guidelines for Americans that focus on chronic disease 

prevention (Guenther et al., 2007). However, the FNRS comprises many of the nutrients that 

are related to major chronic diseases.

Covariates and cardiometabolic risk factors

CVD risk factors are routinely assessed at Framingham exams (Cupples & D'Agostino, 

1987). Age, menopausal status, smoking status, physical activity, hypertension and lipid 

treatment, and hormone replacement therapy (HRT) were self-reported (Cupples & 

D'Agostino, 1987). Physical activity was assessed by a standardized questionnaire (Kannel 

& Sorlie, 1979). To calculate BMI (weight (kg)/height (m2)), participants were weighed 

using a calibrated scale and height was measured using a stadiometer (Abraham et al., 

1979). WC was measured with an anthropometric tape (Stoudt et al., 1970). Blood pressure 

was determined using a mercury sphygmomanometer (Thomas et al., 1981). Plasma glucose 

was measured with hexokinase reagent kit (Meigs et al., 1997). HDL-cholesterol and 

triglyceride were measured enzymatically (McNamara & Schaefer, 1987; Warnick et al., 

1982). LDL-cholesterol was estimated by the method of Friedewald et al. (Friedewald et al., 

1972). All covariates and cardiometabolic risk factors (CMRFs) were derived from exam 5.

Statistical Analysis

We conducted sex-specific analyses a priori given the gender differences in dietary 

exposures (Kimokoti et al., 2010; Millen et al., 2001; Millen et al., 2005).

ANCOVA was used to calculate age-adjusted least-squares means ± SE for nutrient intake 

and where indicated to identify post-hoc pair-wise mean differences between FNRS tertiles 

using Tukey's HSD test at baseline and follow-up (Lomax, 2007).

To assess stability, raw means and mean differences ± SD for the FNRS and constituent 

nutrients at baseline and follow-up were calculated. Agreement between baseline and 

follow-up FNRS and nutrient intakes was assessed using Bland-Altman method. Limits of 

agreement were calculated as mean difference ±2 SD (Bland & Altman, 1986). Stability of 

the FNRS and nutrient intakes was evaluated using intra-class correlation (ICC) (Koch, 

1982). Intra-individual changes of the FNRS and nutrient intakes were assessed using shift 

tables of FNRS quartiles at baseline and follow-up; analyses utilized the weighted Kappa 

statistic for symmetry (Fleiss & Cohen, 1973). In secondary analyses, we examined stability 

of the FNRS using shift tables of FNRS quintiles.

The follow-up FNRS was validated by relating it to CMRFs (BMI, WC, systolic blood 

pressure, diastolic blood pressure, glucose, triglycerides, HDL-cholesterol, LDL-

cholesterol). ANCOVA was used to calculate multivariable-adjusted least-squares means ± 

SE of the factors and to calculate pair-wise mean differences between FNRS tertiles using 

Tukey's HSD test (Lomax, 2007). Models were adjusted for age, BMI, WC, physical activity 

index, smoking status, hypertension treatment, lipid treatment, HRT (women), and 
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menopausal status (women). The association between the FNRS and CMRFs was evaluated 

using Pearson correlation coefficient. In secondary analyses, models were adjusted for 

covariates in the primary model and energy intake. We also conducted analyses in FNRS 

quartiles and quintiles. The effect of diet quality on CMRFs was assessed using ANCOVA 

(Lomax, 2007); results were summarized as linear regression coefficients ± SE. In 

secondary analyses, the FNRS was modeled as a repeated measure using the cumulative 

average diet approach (Hu et al., 1999).

All analyses were performed using the Statistical Analysis Software (version 9.2, 2008, SAS 

Institute Inc. Cary, NC) (SAS, 2008). All statistical tests were two-sided (P<0.05).

Results

At both baseline and follow-up, participants with lower diet quality (tertile 3) had higher 

mean consumption of dietary lipids and alcohol and lower mean intakes of carbohydrate, 

fiber, micronutrients, sodium, and energy than those with higher diet quality (all P<0.05, 

data not shown).

Secular improvement was evident in nutrient intake overall apart from energy, protein, and 

sodium, whose intakes increased over the 8-year period. Most changes in the consumption 

of the 19 nutrients were modest (≤15%) except for SFA, alcohol, vitamin C, vitamin B-6, 

folate, and beta-carotene in women as well as alcohol and vitamin B-12 in men. Stability 

coefficients for many nutrients were moderate (ICC ≥0.3) as was agreement; energy, 

sodium, calcium, and β-carotene in both sexes had lowest agreement levels (Tables 1 and 
2).

The FNRS changed the least (3%) among both sexes and, excepting alcohol, correlations 

were higher than those of individual nutrients (women: ICC=0.49; men: ICC=0.46, 

P<0.0001). Both correlation and agreement were moderate (Tables 1 and 2), (Figures 1 and 
2).

From baseline to follow-up, over one-third of women (36%) and men (37%) stayed in the 

same FNRS quartile while 58% remained in the same quartile or changed only one quartile 

up or down. Changes in extreme quartiles (1 to 4 or 4 to 1) were minimal (women: 3%; men: 

4%) (weighted Kappa: women=0.29, P=0.6519; men=0.29, P =0.8980) (Table 3). In 

secondary analyses, nearly one-third of women (31%) and men (31%) stayed in the same 

quintile whereas 50% remained in the same or contiguous baseline and follow-up quintile 

(weighted Kappa: women=0.31, P=0.9076; men=0.29, P=0.7468) (data not shown).

In validation analyses, BMI at follow-up was positively correlated with the follow-up FNRS 

among women. In multivariable-adjusted analysis, women with lower diet quality (tertile 3) 

had lower mean triglyceride and LDL-cholesterol concentration and higher mean HDL-

cholesterol concentration than those with higher diet quality (P<0.05). In men, follow-up 

BMI and HDL-cholesterol directly correlated with the FNRS. Mean HDL-cholesterol 

concentration was higher in men with lower diet quality compared to those with higher diet 

quality (P<0.05). In secondary analyses among FNRS quartiles and quintiles, comparable 
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findings were observed in both sexes. Adjusting for energy intake did not qualitatively alter 

the main results (data not shown).

In multivariable mixed model analysis, the FNRS was directly associated with BMI in 

women and HDL-cholesterol among both sexes (Table 4). Similar results were obtained in 

cross-sectional (follow-up) linear regression analyses (data not shown).

Discussion

In this study, the FNRS was moderately stable over 8 years (ICC: women=0.49; men=0.46). 

Among FNRS nutrient components, changes in consumption were modest and individual 

nutrient intakes showed low to moderate but significant stability. Nearly two-fifths of 

women (36%) and men (37%) remained in the same FNRS quartile while 58% remained in 

the same or contiguous baseline and follow-up FNRS quartile and few (3-4%) shifted to 

extreme quartiles. The FNRS was associated with HDL-cholesterol in both sexes and BMI 

among women.

Secular trends in nutrient intake paralleled those found in the general US population. 

National Health and Nutrition Examination Surveys (NHANES) data show that 

macronutrient intakes have shifted ≤15% during a similar duration (Briefel & Johnson, 

2004) and, consistent with our data, on average meet recommendations for population health 

and chronic disease reduction except for SFA, which exceeds the recommended levels 

(albeit half the population continues to fail expert-advised intake levels). National studies 

also indicate that calcium intake in women has risen somewhat (Briefel & Johnson, 2004) 

but, similar to our study, still falls below the expert guidelines (FNB, 2005; US DHHS, 

2005). Likewise, adult folate intakes have increased but are generally low among African 

and Mexican Americans and younger (15-44 years) women (Briefel & Johnson, 2004).

Our findings also corroborate those of the UK National Survey of Health and Development 

(NSHD). Changes of 25 nutrients in adults followed for 17 years were modest (≤15%) 

except for alcohol, vitamin C, retinol, pyridoxine, and copper in both sexes as well as 

carotene and thiamine in women. Nutrient intakes improved in accordance with dietary 

guidelines. However, neither stability of the nutrient intakes nor dietary quality of the cohort 

were evaluated (Prynne et al., 2005).

Most comparable to FNS results were those obtained in the Health Professionals Follow-up 

Study (HPFS) (Newby et al., 2003). Correlation for the Dietary Quality Index-Revised 

(DQI-R) scores assessed 1 year apart was r=0.72 while correlations for total fat, SFA, 

cholesterol, calcium, and iron ranged from r=0.41 to r=0.69. Agreement of the indices and 

constituent nutrients were, however, not assessed. Short-term stability (1 year) of the 

glycemic index has been examined in several studies (Du et al., 2009; Murakami et al., 

2008); ICC coefficients ranged between 0.40 and 0.78. Agreement of the indices was 

likewise not examined. Our study, to the best of our knowledge, is the first to evaluate long-

term stability of dietary quality using a nutrient risk score.

Two studies investigating the stability of empirically-derived dietary patterns in adults also 

provide results consistent with those for the FNRS. In the British NSHD mentioned earlier 
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(Prynne et al., 2005), factor score agreement for 4 of 5 dietary patterns was similar to that of 

the FNRS; Kappa (95% CI): women=0.28 (0.23-0.34) to 0.36 (0.31-0.42); men=0.38 

(0.32-0.44) to 0.39 (0.33, 0.45) (Mishra et al., 2006). Of 2 dietary patterns defined among 

participants of the Southampton Women's Survey, the Prudent pattern was very stable over 2 

years (Bland-Altman limits of agreement: -1.00, 1.26) (Borland et al., 2008). In the 

Cardiovascular Risk in Young Finns Study, 2 patterns identified were stable over 21 years. 

Among older adolescents (15-18 years), 27-29% remained in quintile 1 and 38-42% in 

quintile 5 (Mikkila et al., 2005). Estimates were somewhat lower than those observed in the 

FNS cohort most likely due to the long follow-up.

Several studies of CVD risk factors in relation to diet quality indices have obtained 

discrepant findings similar to ours. The Healthy Eating Index (HEI) was inversely related to 

both BMI and HDL-cholesterol but was not associated with triglycerides and blood pressure 

in NHANES III participants (Kant & Graubard, 2005). In the SUpplementation en 

VItamines et Minéraux AntioXydants study, the HEI was inversely associated with BMI and 

blood pressure but was unrelated to plasma lipids (Drewnoski et al., 2009). The 

Comprehensive Healthy Dietary Pattern was associated with BMI, WC, HDL-cholesterol, 

and triglycerides but not with LDL-cholesterol and blood pressure in the Multi-Ethnic Study 

of Atherosclerosis (Nettleton et al., 2008).

Methods of assessment in the FNS cohort remained constant, as did nutrient databases; 

however, improvements in nutrient intake attributable to nationwide nutrition education 

campaigns might have affected our findings (Millen & Quatromoni, 2001; Millen et al., 

1997). Of note, however, were the significant ICC coefficients. Improvements in CMRFs 

due to changes in dietary behavior and improved treatment methods (Millen & Quatromoni, 

2001; Millen et al., 1997) may similarly explain our inability to detect associations between 

some of the factors and dietary quality as evaluated by the FNRS.

Reverse causality may account for the lower mean triglyceride and LDL-cholesterol 

concentration among women with lower diet quality as well as the higher mean HDL-

cholesterol concentration in both women and men with lower diet quality at follow-up. 

However, greater consumption of TF, SFA, MUFA, and PUFA with concomitant low 

carbohydrate intake among these participants might also explain the observed associations 

(ADA, 2007; Miller, 2011). In the mixed model analysis, this nutrient intake pattern may 

similarly account for the direct relationship of HDL-cholesterol and the FNRS in both sexes. 

Among women, the direct association of BMI and the FNRS might be attributable to 

reduction of postprandial and hepatic fatty acid oxidation by estrogen (O'Sullivan, 2009).

Use of repeated diet measures, which increases accuracy of dietary data (Hu et al., 1999), is 

an important strength of our research. Bland-Altman method is considered one of the best 

procedures for evaluating agreement between two measurements (Bland & Altman, 1986) 

and ICC is regarded as the best measure of stability for continuous data (Koch, 1982). We 

believe that our study is the first to show stability of diet quality using an index and its 

nutrient components. Inclusion of both women and men with a broad age range and the 

well-characterized study cohort are additional strengths of our study.
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The exclusively Caucasian sample of our study may limit generalizability of results obtained 

as dietary patterns may differ across race/ethnic groups and culture (Moeller et al., 2007) 

although a comprehensive review (Newby & Tucker, 2004) and the INTERHEART study 

(Iqbal et al., 2008) provide evidence to show reproducibility of major patterns across these 

characteristics. Further, diet quality indices are subjective with regard to dietary variables 

included (e.g. the disease outcome focus of the FNRS), cut-off points and scoring methods 

(Moeller et al., 2007). Moreover, dietary guidelines across countries may lack scientific 

consensus (Newby & Tucker, 2004). Comparison across studies is thus not always 

straightforward.

Only two-thirds of FNS participants had 3-day dietary records and the reduced sample size 

may have underrated the observed relationships. Dietary records are considered a gold 

standard for diet assessment and we elected to collect 3-day due to their relatively lower 

respondent burden compared to multiple-day records. Weighed food records are the most 

accurate method and are commonly utilized in Europe; we determined food-specific units 

and volumes, which is the generally used approach in the United States (Willett, 1998). 

Furthermore, usually random errors that are associated with any dietary self-report may have 

underestimated our findings (Willett, 1998). Additionally, the ‘healthy cohort’ effect may 

somewhat limit the generalizability of study findings. Nonetheless, the secular trends found 

in the FHS population synchronize with those observed in nationally representative samples, 

and the comparability of our data on nutrient stability provide evidence of our population's 

representativeness.

In conclusion, the FNRS and nutrient intakes of FNS adults remained relatively stable over 8 

years of follow-up. The stability of diet quality has implications for prospective 

epidemiological investigations. Additional longitudinal studies are needed to further 

understand the stability and validity of population-specific dietary quality indices and how 

measures of diet quality assessed over time are associated with health outcomes.
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Figure 1. Bland-Altman plot of the Framingham Nutritional Risk Score at baseline (1984–1988) 
and follow-up (1992–1996) in Framingham Offspring-Spouse Nutrition Study women (n = 949)1
1Limits of agreement: Mean difference +/−2 SD of the difference.

Kimokoti et al. Page 12

Eur J Clin Nutr. Author manuscript; available in PMC 2013 August 07.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2. Bland-Altman plot of the Framingham Nutritional Risk Score at baseline (1984–1988) 
and follow-up (1992–1996) in Framingham Offspring-Spouse Nutrition Study men (n = 785)1
1Limits of agreement: Mean difference +/−2 SD of the difference.
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