o

British Journal of Nutrition

British Journal of Nutrition (2021), 126, 1861-1871 doi:10.1017/S000711452100060X

© The Author(s), 2021. Published by Cambridge University Press on behalf of The Nutrition Society

Trends in food consumption by degree of processing and diet quality over
17 years: results from the Framingham Offspring Study

Filippa Juul!, Yong Lin*3, Andrea L. Deierlein*®, Georgeta Vaidean® and Niyati Parekh*>7*

'Department of Public Health Policy and Management, School of Global Public Health, New York University, New York, USA
2Department of Biostatistics and Epidemiology, School of Public Health, Ruigers University, New Brunswick, NJ, USA
3Biometrics Division, Rutgers Cancer Institute of New Jersey, Rutgers University, New Brunswick, NJ, USA

*Program of Public Health Nutrition, School of Global Public Health, New York University, New York, USA

>Department of Population Health, Grossman School of Medicine, New York University, New York, USA

%School of Pharmacy and Health Sciences, Fairleigh Dickinson University, Teaneck, NJ, USA

"Rory Meyers College of Nursing, New York University, New York, USA

(Submitted 30 August 2020 — Final revision received 17 December 2020 — Accepted 9 February 2021 — First published online 19 February 2021)

Abstract

Ultraprocessed foods provide the majority of energy content in the American diet, yetlittle is known regarding consumption trends over time. We
determined trends in diet processing level and diet quality from 1991 to 2008 within the prospective Framingham Offspring Cohort. Dietary
intakes were collected by FFQ quadrennially 1991-2008 (total of four examinations). The analytical sample included 2893 adults with valid
dietary data for >3 examinations (baseline mean age = 54 years). Based on the NOVA framework, we classified foods as: unprocessed/min-
imally processed foods; processed culinary ingredients (salt/sugar/fats/oils); and processed foods and ultraprocessed foods. We evaluated diet
quality using the Dietary Guidelines for Americans Adherence Index (DGAD 2010. Trends in consumption of foods within each processing level
(servings/d) and diet quality over the four examinations were evaluated using mixed effects models with subject-specific random intercepts.
Analyses were stratified by sex, BMI (<25 kg/m?, 25-29-9 kg/m?, >30 kg/m?) and smoking status. Over 17 years of follow-up, ultraprocessed
food consumption decreased from 7-5 to 6-0 servings/d and minimally processed food consumption decreased from 11-9 to 11-3 servings/d
(Pyena < 0-001). Changes in intakes of processed foods, culinary ingredients and culinary preparations were minimal. Trends were similar
by sex, BMI and smoking status. DGAI-2010 score increased from 60-1 to 61-5, P < 0-001. The current study uniquely describes trends in diet
processing level in an ageing US population, highlighting the longstanding presence of ultraprocessed foods in the American diet. Given the
poor nutritional quality of ultraprocessed foods, public health efforts should be designed to limit their consumption.

Key words: Framingham Heart Study: Ultra-processed food: NOVA: Diet quality: Dietary Guidelines for Americans Adherence
Index

Ultraprocessed foods are defined as industrially manufactured,
ready-to-eat/heat formulations made with additives, such as
dyes, flavourings and preservatives, that contain little, if any,
whole foods. National and international studies have consis-
tently found that diets high in ultraprocessed foods are higher
in total energy, total fat, saturated fat, trans-fat, added/free sug-
ars and Na while providing less protein, fibre and several essen-
tial vitamins than diets
ultraprocessed foods"—*. Ultraprocessed foods have also been
associated with multiple chronic conditions including obesity,

type 2 diabetes, hypertension, CVD and cancer®?,

and minerals containing less

Few studies have investigated changes in diet processing
level over time in the USAY%-1%_US food purchasing survey data
suggest that households’ grocery purchases of highly processed
foods, defined as multi-ingredient industrially formulated mix-
tures, remained stable at about 61 % of purchased energy con-
tent from 2000 to 2012, while purchases of minimally
processed foods increased slightly™ . In contrast, national retail
data show that total volume sales of ultraprocessed foods and
beverages decreased by 11-5% from 2002 to 20162, To date,
only one study has evaluated trends in diet processing level
using self-reported dietary intake data in a US population.

Abbreviations: DGAI, Dietary Guidelines for Americans Adherence Index; FOS, Framingham Offspring Cohort; NHANES, National Health and Nutrition

Examination Survey.
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Analyses within the cross-sectional National Health and
Nutrition Examination Survey (NHANES) showed that the aver-
age consumption of ultraprocessed foods in the general US pop-
ulation aged >2years increased from 57-6 % to 59-7 % of daily
energy content between 2007 and 2012, while minimally proc-
essed foods, defined as single-ingredient whole foods, only
accounted for 27-5 % of daily energy content during this time?.
Ultraprocessed food intake was inversely associated with age
and income and increased over time among men, adolescents
and adults with high-school education?. Older, highly edu-
cated and high-income adults consumed less ultraprocessed
foods (range: 53-55 % of daily energy content), and their intake
levels remained stable over the study period?.

Trends in processed food intakes over longer time periods,
and corresponding changes in diet quality, have not yet been
evaluated. The objective of the present study was to examine
longitudinal trends in food consumption according to degree
of processing and diet quality from 1991 to 2008 within an ageing
US population, using data from the Framingham Offspring
Cohort (FOS). Spanning over a 17-year period, this study
uniquely investigates dietary changes during middle through
older adulthood, which represents a critical window of exposure
to chronic disease risk factors.

Methods
Study population

The Framingham Heart Study (FHS) is an ongoing prospective
cohort study in Framingham, MA, initiated by the National
Heart, Lung, and Blood Institute with the objective to investigate
CVD risk factors"?. The current study uses data from the FOS,
which was enrolled as the second familial generation in 1971-
1975 (age range 5-70 years; mean age 36 years), with approxi-
mate 4-year follow-up examinations thereafter’!*!>. Details
regarding FOS have been published previously’®. The FOS
was conducted according to the Declaration of Helsinki guide-
lines, and written informed consent was obtained from all sub-
jects enrolled in the FOS. The current study was approved by the
University Committee on Activities Involving Human Subjects at
New York University (IRB No.: IRB-FY2017-681).

Analytical data set

Dietary data collection for the FOS was initiated at the S5th exami-
nation in 1991-1995, which was considered the baseline for the
current analyses. Participants who attended at least three exami-
nations between 1991 and 2008 were eligible for the current
analyses (n 3332). We excluded participants with missing or
invalid dietary data for two or more examinations (1 439). In
accordance with FHS criteria, dietary data were considered
invalid if the food frequency questionnaire (FFQ) contained >12
blanks, or if total energy content was <600 (2510-4Kk]), or
exceeded 3999 kcal (16731-8k]) for females and 4199 kcal
(17,568-6 kJ) for males (12 329)'”. The creation of the analytical
data set is presented in Fig. 1.

Framingham Offspring Cohort
at examination 1 in 1971-1975
(n5124)

Framingham Offspring Cohort
attending 23 of examinations 5—
8,1991-2008
(n3332)

Missing or invalid dietary |
data for 22 of :
examinations 5—8
(n 439)

A 4

Final analytical data set
(n2893)

Fig. 1. Creation of the final analytical data set from the Framingham Offspring
Cohort (1971-1975). Examination 5 (1991-1995) was used as baseline in the
present analyses.

Assessment of dietary intake

Diet was assessed at each examination using the 131-item
Harvard semi-quantitative FFQ, which has been validated for
forty foods/food groups, energy, macronutrients, fibre, choles-
terol, ten vitamins and seven minerals"®'?, Participants reported
the frequency of consumption of specific foods in the previous
year, with options ranging from never or <1 serving/month to
>0 servings/d. Trained study personnel reviewed the FFQ
together with participants at each examination to ensure accu-
racy of self-reported diet. Total energy and nutrient intakes were
estimated from the FFQ using the US Department of Agriculture
Nutrient Database for Standard Reference, which was updated
regularly to reflect changes in the food supply over time®?.

Ascertainment of the exposure

Processing level. All FFQ items were classified based on the
extent and purpose of the industrial food processing applied,
in accordance with the NOVA food classification®?. NOVA
(not an acronym) distinguishes four mutually exclusive levels
of processing: (1) ‘unprocessed or minimally processed foods’
including fresh, dry or frozen plant and animal foods; (2) ‘proc-
essed culinary ingredients’ including table sugar, oils, fats, salt
and other constituents used in kitchens to make culinary prep-
arations; (3) ‘processed foods’ including foods such as canned
fish and vegetables, simple breads and artisanal cheeses which
are manufactured by adding processed culinary ingredients to
unprocessed or minimally processed foods and (4) ‘ultra-proc-
essed foods’; industrial formulations made with no or minimal
whole foods and produced with substances extracted from foods
or synthesised in laboratories such as dyes, flavourings and pre-
servatives, often using processing techniques with no domestic
equivalent®?,
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FFQ line items that included foods of potentially different
processing levels were classified according to the most fre-
quently consumed form of the food among adult participants
in NHANES or based on literature regarding US dietary intakes
(n8, 625 %)?*?¥_ For example, the FFQ item ‘yoghurt’ was clas-
sified as ultraprocessed as 86 % of yogurt consumed by adults in
NHANES 2001-2002 was ultraprocessed. Likewise, breads were
classified as ultraprocessed as previous investigations in
NHANES indicate that the majority of breads consumed in the
US population are industrially manufactured and ultrapro-
cessed®. In cases were the most commonly consumed form
could not be determined with certainty (1 2, 1-56 %), we classi-
fied the foods as the lowest potential processing level. FFQ items
indicated to be homemade (e.g. home-baked cakes, cookies and
sweet rolls) or assumed to be homemade due to lack of detailed
information (e.g. soup/chowder) were classified as minimally
processed foods.

The absolute consumption of foods (servings/d) from each
NOVA processing level was calculated for each participant, that
is, (1) unprocessed or minimally processed foods, (2) processed
culinary ingredients, (3) processed foods and (4) ultra-processed
foods. We calculated the weekly consumption of the specific
food groups (servings/week) included in each NOVA processing
level. An overview of the FFQ items included in each NOVA
processing level and food group is presented in online
Supplementary Table S1.

Diet quality. Diet quality was assessed using the Dietary
Guidelines for Americans Adherence Index (DGAT) 2010%%,
Similar to the Healthy Eating Index 2010, the DGAI-2010 mea-
sures adherence to the key recommendations of the 2010 Dietary
Guidelines for Americans®”. The DGAI-2010 was updated
from the previous version, DGAI-2005, which was developed
for the FOS in reference to the 2005 Dietary Guidelines for
Americans®?®. The DGAI-2010 evaluates intakes of fourteen food
groups (fruit; dark green vegetables, orange and red vegetables;
starchy vegetables; other vegetables; grains; milk; meat, protein
and eggs; seafood; nuts; legumes; sugar; variety in protein choices
and variety of fruits and vegetables) and eleven healthy choice or
nutrient intake recommendations (amounts of total fat, saturated
fat, trans-fat, cholesterol, Na, fibre, alcohol; and percentage of
protein that is lean, milk that is low-fat, grains that are whole
grains, and fruits that are whole fruits)?”. The maximum score
of the DGAI-2010 is 100, and higher scores indicate greater adher-
ence to the dietary guidelines and higher diet quality.

Assessment of other variables

Age, physical activity and smoking status (smokers v. non-
smokers) were self-reported during interviews at each examina-
tion. Years of education were self-reported once at examination
2 (1979-1983). A physical activity index was calculated by first
multiplying the average daily number of hours in each activity
(resting or sleeping, or in sedentary, light, moderate or heavy
physical activities) with the activity-specific metabolic costs,
and then summing the weighted hours, as previously described

in FHS®®. Based on this index, physical activity level was cate-
gorised as low (<30), moderate (30-33) and high (>33)?.
Trained personnel measured weight and height at each clinical
examination, using standardised methods. BMI (kg/m?) was cal-
culated from measured height and weight and categorised as
normal weight (<25 kg/m?), overweight (25-29-9 kg/m?) and
obese (>30 kg/m?)©®,

Statistical analyses

We calculated descriptive statistics (means, standard deviations
for continuous variables and frequencies and percentage for dis-
crete variables) for demographic and clinical characteristics of
the sample at baseline (examination 5; 1991-1995). We exam-
ined trends in the intake of each NOVA processing level (serv-
ings/d), specific food groups within each NOVA processing level
(servings/week), total energy content, macronutrients, fibre, Na
and diet quality in the full sample, and among males and females
separately, using means, standard deviations and P-values for
trends over the four examinations (examinations 5-8, 1991—
2008). Trends were reported separately for males and females,
as previous studies have identified sex differences in dietary pat-
terns in the FOS and the general US population®3V. In explor-
atory analyses, trends in NOVA processing levels were
stratified by BMI and smoking status, as food choices and eating
patterns may differ between these subgroups. As a sensitivity
analysis, we examined trends for participants with and without
prevalent chronic diseases (CVD, diabetes and hypertension) to
assess whether dietary behaviours may change in response to
disease diagnosis. We performed trend analyses using mixed
effects models with subject-specific random intercepts to
account for within-subject correlation across examinations.
Non-linear trends were assessed by adding quadratic or
higher-order time variables to the models. Analyses were per-
formed using Stata/se 15.1 (StataCorp).

Results

Participant characteristics at first dietary assessment
(1991-1995)

Participant characteristics at the first dietary assessment (exami-
nation 5, 1991-1995) are summarised in Table 1. Participants
were predominantly middle-aged (mean age = 54-1 years), over-
weight (mean BMI =27-3 kg/m? and college-educated (mean
years of education =14-1). The majority of participants had a
high level of physical activity (52-6 %) and were non-smokers
(81:8% and 82:5 % of females and males, respectively). Over a
fourth (26-2%) of males and a fifth of females (20-4 %) had
obesity. Prevalence of diabetes (81 v. 4-6 %) and CVD (10-2 v.
4-8 %) was significantly higher among males than among females
(P <0-00D).

Trends in food consumption according to processing level
among males and females

Trends in food consumption by NOVA processing level in the
overall sample and among males and females are presented in
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Table 1. Characteristics of participants in the Framingham Offspring Cohort in 1991-1995 (examination 5)

(Mean values and standard deviations, numbers and percentages, n 2741)

Overall sample (n 2741)

Females (n 1491) Men (n 1250)

Characteristics Mean SD % n Mean SD % n Mean SD % n
Age (years) 541 95 539 94 54-3 95
Education (years) 141 26 138 2:3 146 28
Current smokers (%) 179 490 182 271 175 219
Physical activity level (%)
Low 15-8 423 173 253 139 170
Medium 316 849 385 563 234 286
High 52-6 1412 44.2 647 62.7 765
BMI (kg/m?) 27-3 4.9 265 53 282 4.0
Prevalence of:
Obesity (BMI > 30) (%) 23-0 629 204 302 262 327
Diabetes mellitus (%) 62 169 4.6 68 81 101
Hypertension (%)* 173 471 160 237 188 234
CVD (%) 73 199 4.8 72 102 127

Missing values: Education, n 333; current smoking, n 2; physical activity, n 57; BMI, n 10; diabetes mellitus, n 8; hypertension, n 13.

* % of participants receiving treatment for hypertension.

Fig. 2. Participants consumed the majority of daily servings in the
form of minimally processed foods, followed by ultraprocessed
foods in 1991-2008. Compared with men, women consumed
significantly more minimally processed foods at exams 5
(P<0-001) and 8 (P=0-025) and less processed food and ultra-
processed foods at all time points (P < 0-001). Ultraprocessed
food consumption declined significantly in the whole sample
and among females and males between 1991 and 2008
(-1-5 servings/d, Pyena < 0-00D). A trend towards decreased con-
sumption of minimally processed food was also identified in
the overall sample and among males and females; however,
the magnitude of change was minimal (-0-6 servings/d in the
overall sample, Pyeng <0-001). In contrast, there was a small
yet statistically significant increase in the consumption of proc-
essed foods among both females (40-3servings/d,
Piena <0:001) and males (+40-1serving/d, Pyeng=0-013).
Consumption of culinary ingredients increased minimally
among females (+0-2servings/d, Pyena <0-001), while no
change was observed among males (Pyeng = 0-391).

Trends in intakes of specific food groups within each
processing level

Intakes of foods included within each processing level (servings/
week) and P-values for trends over time in the overall sample,
and among females and males, are presented in Table 2.
Among minimally processed foods, consumption of fruits, nuts,
and meat, fish and eggs increased, while intakes of fruit juices,
skimmed and whole milk, and coffee and tea decreased in the
overall sample and among males and females. Consumption
of minimally processed grains, vegetables and legumes also
decreased among females, but not among males. Of culinary
ingredients, consumption of butter, cream, sour cream and oil
and vinegar dressing increased among females only, while the
addition of sugar to beverages decreased among both males
and females. Intakes of homemade baked goods, soups and sau-
ces decreased among females but not among males. Finally, con-
sumption of all ultraprocessed foods, except for ultraprocessed
meat products and yoghurt, decreased in the overall sample, and

among females and males. Intake of ultraprocessed breakfast
cereals increased among males but not among females.

Trends in diet quality and energy and nutrient intakes

Trends in energy and nutrient intakes and diet quality in the
overall sample and among males and females are presented in
Table 3. The DGAI-2010 score increased in the overall sample
and among females (62:9-63-9, Pyena=0-013) and males
(56:8-580, Pyena <0-001) over the study period. DGAI-2010
scores were lower among males than females at all time points
(P<0-001). Total energy intake remained stable between 1991
and 2008, while the percentage of energy provided by total car-
bohydrates, sucrose and fructose decreased among both females
and males (Pyeng <0-001). Intake of total sugar (% energy)
decreased from 1998 to 2008 among females and males
(Pyend < 0-001); however, data regarding total sugar intake were
not available for 1991-1998. The percentage of energy provided
by protein, total fat, saturated fat, monounsaturated fat and poly-
unsaturated fat also increased among both males and females
(Pend <0-001), while percentage of energy from trans-fat
decreased (Pyeng < 0-001). Fibre intakes increased in the overall
sample and among males and females (Pyeng < 0-001), while Na
intakes decreased slightly from 1158-1 to 1083-9 mg/1000 kcal
(Pryend < 0-001).

Trends in food consumption according to processing level
and diet quality by BMI category

Over the study period, the consumption of minimally processed
foods decreased slightly among participants with normal weight
(-0-4 servings/d), overweight (-0-7 servings/d) and obesity
(=0-5 servings/d) (P<0-001) (Fig. 3). The intake of ultrapro-
cessed foods also declined among participants with obesity
(=19 servings/d), overweight (-1.7servings/d) and normal
weight (-1-2 servings/d) (Pyeng < 0-001). While the consumption
of ultraprocessed foods remained higher among participants
with obesity compared with participants with normal weight
at all time points (P < 0-001), the magnitude of the difference
declined over time (8:3 v. 6:9 servings/d in 1991-1995, and 6-4
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Fig. 2. Trends in food consumption (servings/d) by NOVA processing level from 1991 to 2008 in (a) the overall sample and in (b) females and (c) males, in the

Framingham Offspring Cohort. @, 1991/1995;

v. 5-8servings/d in 2005-2008). There were trends towards
increased consumption of culinary ingredients and processed
foods, and decreased consumption of culinary preparations
among participants with normal weight, overweight and obesity,
but changes in intakes were minor (+/-0-2 or fewer servings/d).
Diet quality increased among participants with normal
weight (61:8-63-3, Pyena <0-001), overweight (59-9-61-5,
Plena < 0-001) and obesity (58:1-59-9, Pyena = 0-009) over the
study period (data not shown).

Subgroup and sensitivity analyses

Trends in food consumption according to processing level did
not differ between smokers and non-smokers and were

, 1995/1998; m, 1998/2001; W, 2005/2008.

comparable to those in the overall population (data not shown).
Diet quality was higher among non-smokers than smokers at all
time points (P<0-001) and increased among non-smokers
(61-4-62-1, Pyeng =0-001), but not among smokers (54-4-55-0,
Piena=0:117) over the study period (data not shown).
Likewise, trends in diet processing level intake did not differ
when the analyses were repeated among individuals with and
without chronic diseases (CVD, diabetes mellitus and hyperten-
sion) and were similar to those in the overall population (data not
shown). Diet quality did not differ between individuals with and
without chronic diseases at baseline (P=0-074) and improved
over time among disease-free participants (59-9-62-1,
P<0-001) but not among those with chronic diseases (60-8—
61-0, P=0-878) (data not shown).
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Table 2. Trends in mean intake of specific food groups (servings/week) by NOVA processing level from 1991 to 2008 among males and females, Framingham

Offspring Cohort
(Mean values and standard deviations, n 2893)

Overall sample Females Men
1991-1995  2005-2008 1991-1995 20052008 1991-1995  2005-2008
(n2741) (n2438) (n 1491) (n 1339) (n 1250) (n 1099)
Mean sb Mean sp Pyena Mean sp  Mean sp Pyena Mean spb  Mean sp Pirend
Minimally processed foods
Vegetables & legumes* 202 124 202 125 0143 222 135 217 131 0015 179 104 184 115 0-524
Fruitt 111 90 124 89 <0001 116 88 134 91 <0001 105 91 113 86 <0-001
Fruit juicet 6-1 6-6 51 55 <0-001 58 67 4.7 54 <0-001 64 65 55 56 <0-001
Meat, fish & eggs§ 8-1 33 88 35 <0-001 80 33 87 34 <0-001 82 32 90 36 <0-001
Milk (skimmed & whole) 54 6-1 4.7 56 <0-001 53 58 4.8 54 <0-001 56 64 4.6 57 <0-001
Grainsll 4.4 4.0 4.2 39 <0-001 4.6 441 4.3 41 <0-001 4.2 38 41 36 0-192
Nuts 0-6 1.5 2.0 39 <0-001 05 1.2 21 4.0 <0-001 0-8 1.8 1.9 37 <0-001
Coffee & tea 186 121 144 102 <0001 188 122 143 102 <0001 185 119 145 103 <0-001
Homemade baked goods| 1.9 32 1.7 30 <0-001 1.9 32 1-6 29 0-001 20 33 1.8 32 0-063
Soups & sauces** 22 1-8 2.0 2.0 <0-001 21 1.7 1.8 1.7 <0-001 24 1.9 2:2 2:2 0-087
Culinary ingredients
Cream, butter & sour cream 4.7 8-6 53 8-2 0-002 4.4 8-1 5.5 84 <0-001 5-1 9-1 51 79 0-749
Oil & vinegar dressing 2.3 31 26 30 <0-001 24 30 28 33 0-001 22 32 2.3 27 0.077
Salttt 56 89 51 79 0-030 57 87 53 77 0113 54 91 4.9 81 0-137
Sugartt 63 121 4.0 96 <0-001 52 108 34 88 <0-001 77 134 49 104 <0-001
Processed foods
Cheesett 31 34 4.0 4.3 <0-001 30 32 41 4.5 <0-001 32 36 38 4.0 <0-001
Canned/cured meat & fish§§ 1-5 1-5 1-4 1.7 0-769 14 1-3 1-3 1-6 0-794 1-6 1.7 1-5 1-9 0-892
Wine & beer 4.0 71 4.2 66 0-751 25 4.8 29 5.0 0-060 58 89 57 79 0-393
Other processed foodslII| 6-8 6-2 74 6-8 <0-001 6-6 6-1 72 64 0-002 71 64 76 72 0-011
Ultraprocessed foods
Bread{l| 11-8 95 82 75 <0001 112 87 75 69 <0001 124 104 91 81 <0-001
Sweets & desserts*** 99 9-6 90 93 <0-001 88 86 83 83 <0001 111 106 99 103 <0-001
Ultraprocessed meatsttt 25 27 24 2:6 0-707 1.9 19 2:0 2:3 0-739 31 32 31 29 0-484
Salty snack foodstit 58 84 4.7 7-0 <0-001 62 88 4.8 72 <0-001 53 78 4.6 68 0-004
Sugarsweetened beverages§§§ 2.8 5.2 1.7 4.0 <0-001 21 4.6 1.2 3.0 <0-001 36 5.8 2.3 4.9 <0-001
Low-energy soft drinkslIII 4.3 75 3.0 5.9 <0-001 4.3 69 25 4.9 <0-001 4.4 82 36 69 <0-001
Fast foods{11 4.3 2:6 38 22 <0-001 37 2:0 33 1.7 <0-001 50 30 44 25 <0-001
Breakfast cereals**** 22 29 25 29 0-004 21 27 23 2.8 0117 24 32 27 30 0-013
Yogurt 09 1-9 1-3 29 <0-001 11 21 1-8 34 <0-001 0-6 1-5 0-8 2:0 0-006
Other ultraprocessed foodstttt 95 103 6-5 9-0 <0-001 8-8 9.7 5.9 80 <0001 103 109 74 100 <0-001

* Includes broccoli, cabbage/coleslaw, cauliflower, Brussels sprouts, alfalfa sprouts, carrots (raw/cooked), mixed vegetables, winter squash, summer squash, beets, celery, spinach
(raw/cooked), iceberg/head lettuce, romaine/leaf lettuce, tomatoes, yams/sweet potatoes, kale/mustard greens/chard, garlic, beets, maize, potatoes, string beans, peas/lima beans

and beans/lentils.

1 Includes apples and pears, bananas, raisins, prunes, cantaloupe, watermelon, oranges, grapefruit, strawberries, blueberries and peaches.
1 Includes orange juice, grapefruit juice, tomato juice, apple juice/cider and other fruit juices.
§ Includes chicken/turkey (with/without skin), liver, meat as main dish, dark meat fish, other fish, shellfish (e.g. shrimp, lobster, scallops) and eggs.
Il Includes oatmeal, rice (brown and white), pasta, bran, wheat germ, minimally processed hot and cold breakfast cereals and other grains.

Tincludes homemade sweet rolls, cookies, cakes, pies and granola.

** Includes fried food made at home, soup/chowder and tomato sauce (assumed homemade).

11 Added to foods and beverages by participant at time of consumption.
11 Includes cottage cheese/ricotta and other cheese.
85 Includes canned tuna and bacon.

Il Includes peanut butter, mustard, jams/jellies, tofu, mayonnaise and processed breakfast cereals (cereals with added salt and/or sugar but without additives).

11 Includes white and dark bread and English muffins/bagels.

*** Includes readymade sweet rolls, pies, cookies, doughnuts, brownies, pancakes/waffles, muffins/biscuits, ice cream, sherbet/ice milk, candy bars, chocolate and candy without

chocolate.

111 Includes processed meats (e.g. sausage, bologna, salami), hot dogs and meat sandwiches.

111 Includes chips, crackers and popcorn.

§8§§ Includes cola and non-cola carbonated drinks with sugar, punch, lemonade and other non-carbonated fruit drinks.
11l Includes low-energy cola and non-cola carbonated beverages (with/without caffeine).

1199 Includes, pizza, hamburgers, French fries and fried foods away from home.

**** Includes breakfast cereals containing additives such as flavours, colours and preservatives not used in domestic cooking.
1111 Includes non-dairy coffee whitener, margarine, cream cheese, liquor and chilli sauce.

Discussion

Ultraprocessed foods were frequently consumed in this pre-
dominantly Caucasian population of ageing adults over the
17-year study period (1991-2008), although intakes decreased
modestly over time. Trends in diet processing level were similar
in males and females and irrespective of weight and smoking

status. Diet quality, measured by DGAI-2010, improved mod-
estly over time for the entire study population, except for current
smokers and participants with chronic disease.

Our results are consistent with, and extend, findings from

NHANES, 2007-2012, showing that ultraprocessed foods pro-
vided 55-53 % of energy content in the diet of middle-aged
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Table 3. Trends in mean energy intake, nutrient intakes and diet quality from 1991 to 2008 among males and females, Framingham Offspring Cohort

(Mean values and standard deviations, n 2893)

1991-1995 1995-1998 1998-2001 2005-2008
Mean SD Mean SD Mean SD Mean SD Pirend
Whole sample
n 2741 2733 2730 2438
Total energy intake (kcal) 1865-2 612.2 1851.9 608.0 1825-4 587-2 18755 636-3 0-479
%Energy from
Protein 168 33 1741 33 17-3 34 179 36 <0-001
Carbohydrates, of which: 51.0 85 51.8 8-6 50-0 89 46-8 8-6 < 0-001
Total sugar* 231 75 216 72 < 0-001
Sucrose 9-8 41 10-0 37 9-3 37 88 37 <0-001
Fructose 54 2.7 5.6 25 5.3 2:4 4.7 2.2 < 0-001
Total fat, of which: 30-0 64 291 65 307 66 33.0 65 < 0-001
Saturated fat 104 2.8 101 2.8 107 29 1141 27 <0-001
Monounsaturated fat 59 1.7 56 1-6 58 1.7 6-3 1.8 <0-001
Polyunsaturated fat 1141 2:6 108 26 11.3 2.7 124 28 <0-001
Trans-fatt 1.5 07 13 0-5 12 0-4 < 0-001
Alcohol 4.0 58 4.0 57 39 57 39 56 0773
Fibre, g/1000kcal 9-8 31 10-3 32 10-2 33 10-4 32 <0-001
Na, mg/1000kcal 11581 231.7 11766 234-8 1125-8 2219 1083-9 2132 <0-001
DGAI-2010% 60-1 114 60-6 11-6 615 11.3 < 0-001
Females
n 1491 1474 1480 1339
Total energy intake (kcal) 17521 562-8 17489 560-1 17161 5259 1787-8 594.7 0-329
%Energy from
Protein 174 33 176 33 179 33 185 36 <0-001
Carbohydrates, of which: 51.7 8-3 52.8 8.5 50-8 9.0 474 8-6 < 0-001
Total sugar® 23-8 7-4 223 73 < 0-001
Sucrose 99 4.0 10-2 37 9.5 37 90 37 < 0-001
Fructose 54 27 56 24 54 24 4.9 22 <0-001
Total fat, of which: 29.9 63 289 6-4 30-6 6-7 33.0 66 <0-001
Saturated fat 103 28 10-0 2.8 107 29 1141 28 <0-001
Monounsaturated fat 6-0 1.7 57 1-6 5.9 1-8 6-4 1.9 <0-001
Polyunsaturated fat 109 2:6 10-6 26 110 27 123 28 <0-001
Trans-fatt 1.5 07 12 0-5 12 0-4 <0-001
Alcohol 29 4.7 29 4.7 2.8 4-6 29 4.4 0-445
Fibre, g/1000kcal 10-3 32 109 32 10-7 35 11.0 33 < 0-001
Na, mg/1000kcal 11885 2326 12021 2329 11367 224.3 1094.7 2215 <0-001
DGAI-2010% 62-9 10-9 63-0 11-4 639 11.0 0-013
Men
n 1250 1259 1250 1099
Total energy intake (kcal) 2000-0 6411 19725 639-2 1954.9 6285 1982-4 668-4 0-055
%Energy from
Protein 16-1 32 165 31 167 33 173 34 <0-001
Carbohydrates. of which: 50-1 85 507 8-6 491 8-6 461 85 < 0-001
Total sugar* 224 75 20-8 7-0 < 0-001
Sucrose 96 4.2 9.7 36 91 36 87 36
Fructose 54 27 57 26 52 25 4-6 22
Total fat, of which: 30-2 64 294 65 308 6-5 329 65 < 0-001
Saturated fat 105 29 102 2.8 107 28 1141 2.7 <0-001
Monounsaturated fat 57 1.7 55 1.5 57 1-6 62 1.7 <0-001
Polyunsaturated fat 113 2:6 1141 27 11.5 2.7 125 28 <0-001
Trans-fatt 1.6 0-8 13 0-5 12 0-4 < 0-001
Alcohol 53 67 53 65 5.3 6-5 5.3 6-4 0-796
Fibre, g/1000kcal 91 29 9.7 30 96 29 9-6 30 <0-001
Na, mg/1000kcal 11219 2253 11469 2335 11129 2185 1070-8 2019 <0-001
DGAI-2010% 56-8 1141 57-8 112 58-6 11.0 < 0-001

* Data regarding total sugar intake not available for examinations 5 (1991-1995) and 6 (1995-1998).

1 Data regarding trans-fat intake not available for examination 6 (1995-1998).

$ 2010 Dietary Guidelines for Americans Adherence Index (continuous, range 0—100), higher scores indicate higher diet quality. Data regarding DGAI-2010 were not available for

examination 6 (1995-1998).

and older US adults (>40vyears of age)'”. In the FOS, the
observed trend towards reduced consumption of ultrapro-
cessed foods over time is also in line with analyses of
Euromonitor volume sales data, documenting that US sales of
ultraprocessed foods declined from 401-0 to 354-6 kg per capita
between 2002 and 2016"%. However, analyses within the

Nielsen Homescan Panel suggest that US households’ pur-
chases of highly processed foods, defined as multi-ingredient
industrially formulated mixtures, remained stable, at approxi-
mately 61 % of purchased energy content, between 2002 and
201240 a period that coincides with FOS dietary data
collection.
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Fig. 3. Trends in food consumption (servings/d) by NOVA processing level from 1991 to 2008 among participants in the Framingham Offspring Cohort with (a) normal
weight, (b) overweight and (c) obesity. @, 1991/1995; 1=, 1995/1998; W, 1998/2001; W, 2005/2008.

In the FOS, the declining intake of ultraprocessed foods
occurred in parallel to modest improvements in diet quality
and reductions in the intakes of trans fats and Na, as well as
sucrose and fructose, the predominant added sugars in the US
food supply®?. Our findings align with previous observations
in NHANES that the quality of the US diet improved from
1999 to 2011°%. In the FOS, we observed decreased intakes
of margarine, fast foods, salty snacks, breads and sweet ultrapro-
cessed foods (baked goods, sweets, desserts and sugar-sweet-
ened beverages), which are major sources of trans fats, Na
and added sugars in the US diet®2343%. Our findings contribute
to the existing evidence suggesting that limiting ultraprocessed
foods may be an effective strategy to improve diet quality®.

The observed changes in nutrient intakes in the FOS may
reflect shifts in dietary behaviours in response to national dietary
guidelines, from recommending low-fat diets (<30 % of energy)
in the 1990s to moderate-fat diets (25-35% of energy) in
20059937 as well as the growing popularity of low-carbohydrate
diets in the early 2000s®®. Increased marketing and availability
of ultraprocessed low-fat products in the 1990s and
low-carbohydrate products in the 2000s may also have pro-
moted and facilitated the observed trends in macronutrient
intakes. For example, in 1996, over 3400 novel low-fat or fat-free
ultraprocessed products were introduced to the US market, and
in 2004, 3400 new ‘low-carb’ and ‘no-carb’ ultraprocessed prod-
ucts were launched®. In this context, the nutrient-focused
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approach of national dietary guidelines in the 1990s and 2000s
may have enabled, and unintentionally promoted, continued
high consumption of ultraprocessed foods®”. While the current
DGA (2015-2020) emphasise the importance of healthy dietary
patterns based on nutrient-dense foods, processing level is still
not explicitly addressed®?. Future investigations should deter-
mine if food-based dietary guidelines that distinguish ultrapro-
cessed from moderately and minimally processed foods
facilitate healthier food choices and improve diet quality.

The current findings should be interpreted in the light of
several limitations. The reduced consumption of ultrapro-
cessed foods over the study period may, in part, be explained
by diminishing food intake, as ageing is associated with
reduced appetite and decreased energy intake“". The
Harvard FFQ queries a comprehensive, although not exhaus-
tive, list of foods, and we can only draw conclusions regarding
intake trends of foods included in the FFQ. We were unable to
calculate the relative energy provided by the foods in each
processing level since the FOS only provides data regarding
total energy and nutrient intakes per day, and not per food.
As a result, consumption estimates are reported in servings/
d and are not directly comparable to consumption estimates
from NHANES, which are reported as percentages of total
energy intake. Although it is well documented that dietary
assessment by FFQ provides an imperfect measure of diet?,
the Harvard FFQ is widely used in research and has been vali-
dated in US populations'®'? Processing level may have been
misclassified as certain FFQ line items included foods of poten-
tially different processing levels. However, we attempted to
minimise misclassification by basing assumptions of process-
ing level of FFQ items on the current literature and on actual
consumption data from adults in NHANES 2001-2002 with sim-
ilar demographics to the FOS cohort. The Harvard FFQ differ-
entiates between homemade and ready-made cookies, cakes,
pies and pastries; distinguishes between homemade and com-
mercially prepared fried foods and allow respondents to
specify the type and brand of breakfast cereals consumed,
which enabled a more precise classification of these foods.
Dietary data in the FOS were not available beyond year
2008 at the time of writing. Nevertheless, the FOS is an ongoing
cohort study, and more recent dietary data have been col-
lected, which, when made available, will enable determination
of consumption trends during the 2010s. Finally, the FOS is an
older cohort with higher education and income levels than the
average US population, which may limit the generalisability of
our findings. Given that age, education and income are

inversely associated with ultraprocessed food intake?

, con-
sumption may have been lower in the FOS cohort as compared
with the average US population. FOS participants may also be
more health conscious than the general population given their
voluntary participation in a longitudinal health study.

The present study also has important strengths, including its
longitudinal design, nearly 20-year follow-up, and serially col-
lected dietary and anthropometric data by trained study person-
nel during in-person study examinations. Food processing level
was determined according to the standardised and objective cri-
teria of NOVA. The NOVA framework is a comprehensive,

specific and coherent classification that has been internationally
recognised as a valid tool for public health and nutrition research
and policy®?. Additionally, diet quality was evaluated using an
objective and multi-dimensional index that considers food and
nutrient intakes, as well as healthy food choices (e.g. choosing
whole grains over refined grains), variety in protein and vegeta-
ble intakes, and overconsumption of energy-dense foods and
discretionary energy content”,

Conclusion

The current study uniquely adds to the literature by describing
longitudinal trends in diet processing level and diet quality in
an ageing US population, highlighting the longstanding presence
of ultraprocessed foods in the American diet. Further research is
warranted to elucidate trends in diet processing level in racially/
ethnically diverse populations and across socio-economic strata
and to clarify the role of diet processing level in existing dispar-
ities in diet quality. Given the accumulating evidence of the poor
nutritional quality and potential harms of ultraprocessed foods,
public health efforts and policies should be designed to limit the
consumption of ultraprocessed foods and encourage healthier
food choices. It is also imperative to educate health professionals
and the population at large about what ultraprocessed foods are
in order to enable selection of less processed products.
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