UC Irvine
UC Irvine Previously Published Works

Title

Levels of abdominal adipose tissue and metabolic-associated fatty liver disease
(MAFLD) in middle age according to average fast-food intake over the preceding 25
years: the CARDIA Study

Permalink
https://escholarship.org/uc/item/4{07f6rx

Journal
American Journal of Clinical Nutrition, 116(1)

ISSN
0002-9165

Authors

Odegaard, Andrew O
Jacobs, David R
Van Wagner, Lisa B

Publication Date
2022-07-01

DOI
10.1093/ajcn/ngac079

Peer reviewed

eScholarship.org Powered by the California Diqgital Library

University of California


https://escholarship.org/uc/item/4j07f6rx
https://escholarship.org/uc/item/4j07f6rx#author
https://escholarship.org
http://www.cdlib.org/

(‘\

See corresponding editorial on page 11 and article on page 173,

Levels of abdominal adipose tissue and metabolic-associated fatty
liver disease (MAFLD) in middle age according to average fast-food
intake over the preceding 25 years: the CARDIA Study

Andrew O Odegaard,] David R Jacobs, Jr,? Lisa B Van Wagner,3 and Mark A Pereira?

!Department of Epidemiology and Biostatistics, University of California, Irvine, CA, USA; >Department of Epidemiology and Community Health, University
of Minnesota, Minneapolis, MN, USA; and 3Department of Medicine, Division of Gastroenterology & Hepatology and Department of Preventive Medicine,
Division of Epidemiology, Northwestern University Feinberg School of Medicine, Chicago, IL, USA

ABSTRACT

Background: Higher levels of intra-abdominal adipose tissue
(IAAT) comprising visceral adipose tissue (VAT), intermuscular
adipose tissue (IMAT), and liver fat are posited drivers of obesity-
related chronic disease risk. Fast food is hypothesized to contribute
to IAAT patterns.

Objectives: We quantified levels of abdominal subcutaneous adipose
tissue (SAT), IAAT, and odds of metabolic-associated fatty liver
disease (MAFLD) in middle age according to average fast-food
intake over the preceding 25 y.

Methods: We analyzed data from the Coronary Artery Risk Devel-
opment in Young Adults (CARDIA) study. Participants underwent
6 clinical exams and measurements over 25 y with computed
tomography—measured VAT, SAT, and IMAT (n = 3156), plus
MAFLD defined by liver attenuation (<40 Hounsfield units) and
1 metabolic abnormality at year 25 (2010, n = 3001, n cases = 302).
We estimated means of VAT, SAT, IMAT, and liver attenuation at
the year 25 exam according to categories of average fast-food intake
over the previous 25 y adjusted for sociodemographic and lifestyle
factors and logistic regression to estimate the odds ratio of MAFLD at
year 25.

Results: With higher average fast-food intake over 25 y (categorized
as follows: never—1x/mo, >1x-3x/mo, 1-<2x/wk, 2—<3x/wk,
>3 x/wk), there were monotonic higher levels of VAT (98.5,
127.6, 134.5, 142.0, 145.5 cm?), P-trend < 0.0001, which were
consistent across anthropometrically classified obesity categories.
There was a similar pattern with liver fat. There were higher levels
of IMAT and SAT with higher fast-food intake (P-trend = 0.003,
0.0002, respectively), with amounts leveling off at >2x/wk. In
addition, compared with participants who ate fast food never—
1x/mo, there were monotonic higher odds of having MAFLD at
year 25 with higher average fast-food intake, with participants who
ate fast food >3 x/wk having an OR of MAFLD = 5.18 (95% CIL:
2.87,9.37).

Conclusions: There were monotonic higher levels of VAT, liver
fat, and odds of having MAFLD in middle age according to higher
average fast-food intake over the preceding 25y.  Am J Clin Nutr
2022;116:255-262.

Keywords: fast-food, visceral adipose tissue, MAFLD, obesity,
dietary intake
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Basic, clinical, and population research support the hypothesis
that high levels of visceral adipose tissue (VAT) and liver fat are
the adiposity-related etiologic drivers of risk for cardiometabolic
diseases, obesity-related cancers, and Alzheimer disease and
related dementias, whereas abdominal subcutaneous adipose
tissue (SAT) appears to have a lesser role (1-3). Multiple
nonmodifiable and modifiable factors likely affect deposition
patterns of VAT and other intra-abdominal adipose tissue (IAAT)
depots such as intermuscular adipose tissue (IMAT) and liver
fat, with dietary intake hypothesized to be among the most
influential modifiable factors (3—6). Yet, there are major gaps in
the evidence base linking diet and eating behaviors with IAAT
deposition patterns (6), thereby limiting diet-related prevention
and risk mitigation efforts toward reducing obesity-related
chronic diseases.

One of these gaps is a defining aspect of the typical American
diet—fast-food intake (7, 8). In a representative sample of US
adults, 37% report eating fast food on any given day (9), and
young adults aged 20-39 y consume fast food at an even higher
frequency (45% on any given day) (9). The typical fast-food meal,
regardless of source, is nutrient poor and energy dense (7, 8) and
on days when consumed is associated with significantly higher
daily energy intake (10). Indeed, the ubiquity of fast food and its
poor nutritional profile is a reason why it is often maligned for
health, particularly obesity (11).

To inform this evidence gap, the objective of this analysis was
to quantify levels of abdominal SAT and IAAT comprising VAT,
IMAT, and liver fat, as well as the odds of metabolic-associated
fatty liver disease (MAFLD) in middle age according to average
intake of fast food assessed repeatedly over the preceding
25y.

Methods

Study population

The Coronary Artery Risk Development in Young Adults
(CARDIA) study is a prospective, multicenter cohort study
designed to investigate the development and determinants of
cardiovascular disease and its associated risk factors in young
adults. Briefly, 5115 black and white men and women (self-
identified), aged 18-30 y, were recruited between 1985 and
1986 from 4 US cities: Birmingham, Alabama; Chicago,
Mlinois; Minneapolis, Minnesota, and Oakland, California.
Participant enrollment targeted balance among age, race, sex,
and educational attainment. The initial examination included
standardized measures of known cardiovascular risk factors as
well as psychosocial, dietary, and exercise-related characteristics.
Reexamination occurred 2, 5, 7, 10, 15, 20, 25, and 30 y
after baseline, with retention of 91%, 86%, 81%, 79%, 74%,
72%, T72%, and 71% of the surviving cohort, respectively. The
CARDIA study was approved by the institutional review board
at each field center, and informed consent was obtained from all
participants prior to enrollment (12).

At each clinical examination, participants were asked to fast
overnight for 12 h. Tobacco use, strenuous physical activity,
and intake of caffeine, food, and alcohol were proscribed.
The examinations followed standardized protocols harmonized
over time and included measurements of blood pressure,
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anthropometrics, phlebotomy, and structured questionnaires on
sociodemographics, medical and family history, psychosocial
characteristics, and diet, among others. During each clinic exam,
blood was drawn from an antecubital vein, and after serum
separation, aliquots were stored at —70°C until shipped on dry ice
to a central laboratory. Details on the collection, storage, quality
control, and methodology for clinical specimens are described
elsewhere (12-14), and anthropometry (height, weight, waist
circumference) also has been previously described (15). BMI was
computed as weight in kilograms divided by squared height in
meters.

Measures
Fast-food intake.

CARDIA assessed fast-food intake with the following question
at years 0, 7, 10, 15, 20, and 25: “How many times in a week
or month do you eat breakfast, lunch or dinner out in a place
such as McDonald’s, Burger King, Wendy’s, Arby’s, Pizza Hut,
or Kentucky Fried Chicken?” Questions were open ended, and
we calculated a per-week consumption frequency.

Covariates.

Dietary intake was assessed at baseline (year 0), year 7,
and year 20 using the CARDIA Diet History, an interviewer-
administered, validated dietary assessment instrument consisting
of a short questionnaire on general dietary practices followed
by a comprehensive questionnaire about typical intake of foods
using the previous 1 mo as a reference for recall (16). Briefly,
interviewers asked study participants open-ended questions
about dietary consumption in the past month within 100 food
categories, referencing 1609 separate food items in years 0 and 7
and several thousand separate food items in year 20. Follow-up
questions for selected foods concerned serving size, frequency
of consumption, and common additions to these foods. Provision
was made for reporting foods not found in the food-frequency
list. Diet history data were coded by the University of Minnesota
Nutrition Coordinating Center and categorized into 166 food
groups.

Total energy intake (kcal) was calculated from the CARDIA
Diet History. We derived a modified alternate Mediterranean
(aMed) diet score using methods described elsewhere (17). In
brief, the modified aMed score in this analysis assigned 1 point
for intake above the cohort-specific median for fruit, vegetables,
legumes, nuts, whole-grain products, fish, and MUFA/SFA fat
ratio. Individual food group scores were summed for the total
aMed score, with a range of 0 to 7. We used the modified aMed
diet score because it does not include dietary components widely
and often consumed at chain fast-food restaurants, yet provides
a metric of dietary quality, and averaged the score and total
estimated energy intake from year 0, 7, and 20 data.

Alcohol intake was assessed at each examination with the
following question: “Did you drink any alcoholic beverages in
the past year?” and, with the use of visual aids to demonstrate
a typical drink, were asked 3 follow-up questions to assess the
number of drinks of wine, beer, and liquor typically consumed
in a week. Assuming that 1 drink of beer, wine, or liquor
contains 16.7 mL, 17.0 mL, or 19.2 mL of ethanol on average,
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respectively, total ethanol consumption in milliliters of ethanol
per day was calculated. We estimated average alcohol intake
from data at years 0, 7, 10, 15, 20, and 25. Cigarette smoking
was evaluated during each in-person CARDIA visit, and we
classified participants at year 25 as never, ex, or current smokers
for analyses.

Physical activity was assessed at each examination using the
CARDIA physical activity questionnaire, a validated interviewer-
based self-report of duration and intensity of participation in
13 categories of exercise over the past year (18). Physical
activity was reported in exercise units (EU), where 300 EU is
approximately equal to 150 min of moderate-intensity physical
activity per week or 30 min of moderate-intensity activity 5 d/wk
(19). We estimated average physical activity using data from
years 0, 7, 10, 15, 20, and 25.

We calculated average household income during the course
of the analytic period from assessments at years 5, 7, 10, 15,
20, and 25 that asked for pretax household income for the past
12 mo from all sources in 9 prespecified income brackets ranging
from <$5000 to >$100,000. Median values were assigned to
each category at each exam and then averaged over 6 exams for
use as a covariate. Participants also reported years of education
completed at each exam, and we defined education by the highest
attained level. We also accounted for employment status, where
the participant reported being unemployed, laid off, or looking for
work over the course of 25 y. Participants were assigned 1 point
for each exam (0, 7, 10, 15, 20, 25), where they reported being
unemployed, laid off, or looking for work (O for not reporting).
This variable represents the sum of visits where they reported this
status (range: 0-6).

We used study definitions of adjudicated incidence of cardio-
vascular disease (CVD) (CAD, hospitalization for angina/acute
coronary syndrome, heart failure, stroke, transient ischemic
attack, peripheral arterial disease) through year 25 to classify
participants with a history of CVD at the year 25 exam (20).
Diabetes status was assessed at examination years 0, 7, 10, 15,
20, and 25. Prevalence of type 2 diabetes at year 25 was defined
as use of diabetes medication (all years, including 2 and 5), a
fasting blood glucose concentration of >7 mmol/L (126 mg/dL),
2-h postchallenge glucose >11.1 mmol/L (200 mg/dL), and/or
a glycated hemoglobin (HbAlc) >48 mmol/mol (6.5%) at any
examination. The 2-h glucose was done at years 10, 20, and 25,
whereas HbA 1c was done at years 20 and 25.

Outcome

Abdominal adipose tissue depots were measured using com-
puted tomography (CT) scans at year 25. A noncontrast CT scan
of the abdomen was performed with multidetector CT scanners
[GE 750HD and GE LightSpeed VCT models were used at the
Birmingham and Oakland Centers, respectively (GE Healthcare);
Siemens Sensation 64 models were used at both Chicago and
Minneapolis Centers (Siemens Medical Solutions)]. The images
were electronically transmitted to a CT reading center for image
analysis and quality control at Wake Forest University School
of Medicine (Winston-Salem, NC). CT scans of the abdomen
were reconstructed into 5-mm slices with a maximum 50-cm
field of view to include the whole abdomen. Adipose tissue
depots were measured volumetrically from 2 adjoining 5-mm
slices located at the level of the lumbar disk between the fourth

and fifth vertebra (VAT and SAT) and L3-L4 for IMAT (to
avoid interference with a pelvic bone). Tissues with attenuation
between —190 and —30 Hounsfield units (HU) were defined as
adipose tissue. Analysts segmented the images based on anatomic
boundaries into the entire abdomen, abdominal wall, and intra-
abdominal compartments using the Medical Image Processing,
Analysis, and Visualization application (http://mipav.cit.nih.go
v/index.php). VAT, SAT, and IMAT were quantified in each
compartment.

Liver attenuation, a diagnostic method to assess liver fat, was
measured using noncontrast CT images of the upper abdomen
while in axial scan mode. Averages of 3 distinct CT slices at
the level of the T12-L1 intervertebral space were calculated to
provide mean hepatic attenuation in HU. Analysts were trained
to avoid measuring regions that included common hepatic lesions
and hepatic vasculature. Liver attenuation is inversely related
to liver fat content, such that lower levels of liver attenuation
indicate higher levels of liver fat (21).

MAFLD was defined as mean liver attenuation <40 HU,
which is indicative of at least moderate to severe steatosis (22).
This status is combined with 1 of 3 other metabolic associated
criteria defined in a consensus statement (overweight/obesity,
type 2 diabetes, or normal weight defined by BMI) with at least
2 of the following metabolic abnormalities: waist circumfer-
ence >102/88 cm in men and women (or >90/80 cm in Asian men
and women), blood pressure >130/85 mmHg or specific drug
treatment, plasma triglycerides >150 mg/dL (>1.70 mmol/L)
or specific drug treatment, plasma HDL cholesterol <40 mg/dL
(<1.0 mmol/L) for men and <50 mg/dL (<1.3 mmol/L) for
women or specific drug treatment, prediabetes [i.e., fasting
glucose concentrations 100-125 mg/dL (5.6-6.9 mmol/L),
2-h postload glucose concentrations 140-199 mg/dL (7.8—
11.0 mmol), or HbAlc 5.7-6.4% (39-47 mmol/mol)], HOMA-
IR score >2.5, and plasma high-sensitivity C-reactive protein
concentration >2 mg/L (23).

Analysis

We conducted all statistical analyses using SAS, version 9.4
(SAS Institute). Of the original 5115 study members, 3499
participated in the year 25 exam. In total, 3181 had CT/body
composition scans, and 3180 had >2 assessments of fast-food
intake over 25 y, of which 3156 had all data for VAT, SAT, and
IMAT. In addition, to address secondary etiology of MAFLD,
we excluded participants (from base sample N = 3180) who
reported any of the following at the year 25 exam: using
any of the following medications (amiodarone, methotrexate,
valproate and tamoxifen), a history of hepatitis or cirrhosis,
having HIV, or heavy alcohol use. Alcohol-driven etiology is
only clear at very high levels of habitual consumption; thus,
given the challenges of assessing the absolute level of alcohol
intake with accuracy, we applied a threshold (>60 mL/d at year
25) where there is better evidence of alcohol-driven etiology
(24). These further exclusions resulted in an analytic sample of
N = 3001 for analyses with liver attenuation and MAFLD as
an endpoint (Supplemental Figure 1). We calculated average
fast-food intake over 25 y and created 5 categories that allowed
for cut points with an adequate number of participants and
alignment with common population levels of intake. Distributions
of dependent variables were examined; all were approximately
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normal with low skewness and kurtosis. Results of analyses
conducted using transformed data did not differ materially
from results with transformed data, and thus we present the
untransformed data.

We used multivariable general linear regression models to
calculate means of VAT, SAT, IMAT, and liver attenuation at
the year 25 exam according to categories of average fast-food
intake over the previous 25 y. We created 2 statistical models;
the first was the unadjusted regressed mean of VAT, SAT, IMAT,
and liver attenuation on categories of average 25-y fast-food
intake. A second model had adjustments for age, sex, race,
study center, education, employment history, household income,
smoking, alcohol, diet quality, energy intake, physical activity,
and prevalence of type 2 diabetes or history of a CVD event
at the year 25 exam. We tested for linear trends in the data by
entering fast-food intake as a continuous variable in the model.
We carried out stratified analyses by anthropometric obesity
definition thresholds using BMI as 30.0 and sex-specific waist
circumference (abdominal obesity) thresholds defined by the
National Cholesterol Education Program ATP-III (>40 in. for
men and >35 in. for women). We also carried out stratified
analyses by race (black, white) and sex to check the nature of
the estimates across the population subgroups with different lived
experiences.

Last, we estimated the odds ratio of having MAFLD at year
25 according to the previous 25-y average of fast-food intake via
multivariable logistic regression using the same aforementioned
covariates and the reference for comparison being participants
who reported the lowest level of average fast-food intake (never—
1 x/mo). We carried out the following sensitivity analyses for
context related to data interpretation: excluding all participants
with an adjudicated CVD event, and we compared characteristics
of volunteers who participated in year 25 compared with those did
not participate to provide insight into any differences and inform
interpretation of the results.

Results

The average age of the analytic sample during the year 25 exam
with CT-measured body composition was 50y, 57% were female,
and 53% were white. The average fast-food intake frequency
per week declined over 25 y: mean (with ~SD of 2.0) at years
0, 7, 10, 15, 20, and 25 was respectively 2.0, 1.9, 1.8, 1.8,
1.7, and 1.3x/wk. Table 1 presents participant characteristics
according to categories of average fast-food intake over 25 y.
More than 93% of the participants reported their usual fast-
food habits >4 times over the 25 y. With higher average fast-
food intake, participants were younger at baseline, with lower
educational attainment and diet quality, lower household income,
lower alcohol intake, lower physical activity, and higher energy
intake, and a greater proportion of participants were male and
black.

We present levels of abdominal adipose tissue depots in middle
age (~50 y) according to categories of average fast-food intake
over the preceding 25 y in Table 2. With higher levels of fast-
food intake, there were monotonic higher levels of VAT and liver
fat. There were higher levels of SAT and IMAT in accordance
with higher levels of fast-food intake, but these leveled out
at the highest 2 categories of fast-food intake. We observed

TABLE 1 Participant characteristics according to categories of average fast-food intake over 25 y ranging from young adulthood to middle age: Coronary Artery Risk Development in Young Adults study’

(n=524)

>3x/wk
24 (21-28)

2-<3x/wk (n = 556)

1-<2x/wk (n = 1113)

>1x-3x mo (n = 572)

Never—1 x/mo (n = 391)

Characteristic

25 (22-28) 25 (22-28)

26 (23-28)

27 (24-29)

Age (baseline), y

% Female
% Black

42.0

50.2

56.1

66.3

72.7

61.0
14.5 (13-16)

59.3
15 (14-17)

1(0-3)
48,208 (30,083-70,000)

51.2
16 (14-17)

36.8

16 (14-18)

18.7
16 (15-19)

Education

1(0-3)
49,000 (30,250-67,500)

1(0-3)
52,500 (31,667-78,500)

1(0-3)
58,833 (36,250-84,167)

1(0-2)

66,083 (42,667-90,083)

Employment
Income

62.7

4.8 (0.4-14.6)
296.2 (170.0-470.2)

61.8

4.2 (0.4-13.3)
279.1 (160.8-435.3)

58.6
5.1(0.8-14.9)
302.8 (184.7-456.3)

60.4
6.2 (1.2-14.7)
320.3 (203.5-478.8)

62.4
7.7 (1.6-15.7)
394.6 (258.8-553.0)

Smoking
Alcohol
Activity

3.0 (2.0-4.0)
3010 (2285-4023)
23.9(21.4-26.9)

3.0 (2.3-4.0)
2620 (2021-3593)

3.3(2.3-4.3)
2399 (1900-3128)
23.7 (21.4-26.8)

3.7 (2.7-4.5)
77.0 (70.3-84.8)

2203 (1760-2857)

4(3.3-5.0)
2170 (1803-2622)

22.3 (20.7-24.7)

Diet quality

Energy intake

24.0 (21.7-27.4)

23.1(21.0-26.1)
75.0 (68-82.8)

Baseline BMI
Baseline WC
T2D year 25

78.0 (71.25-85.5)

77.5(71.5-85.5)

72.3 (67.0-78.5)

19.0

17.9

13.7

10.9

7.3

29

2.6 54

3.8

1.8

CVD year 25

'Values are reported as unadjusted variables as median (25-75th percentile) or proportion of sample. Education: highest level of education attained during study time period. Employment: participants were

assigned 1 point for each exam where they reported being unemployed, laid off, or looking for work (0 for not reporting). This variable represents the sum of visits where they reported this status (range: 0-6).
Income: mean household pretax income over 6 visits. Alcohol (mL/d): mean alcohol intake over 6 visits. Physical activity: mean exercise units over 6 visits (physical activity score). Diet quality (alternate

Mediterranean score, scale 0—7): mean score over 3 visits and mean energy intake (kcal/d) over 3 visits. Smoking: proportion of never smokers at year 25 exam. T2D and CVD at 25 = percentage of cumulative

cases of T2D and adjudicated CVD events. CVD, cardiovascular disease; T2D, type 2 diabetes; WC, waist circumference.
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TABLE 2 Abdominal adipose tissue levels and anthropometrics in middle age according to categories of average fast-food intake over preceding 25 y:
Coronary Artery Risk Development in Young Adults study’

Fast-food Never—1 x/mo, >1x-3x mo, 1-<2x/wk, 2—-<3x/wk, >3 x/wk,

intake n =391 (377) n =572 (544) n= 1113 (1056) n =556 (526) n = 524 (498) P-trend
VAT? 98.7 (91.5, 105.8) 128.1 (122.1, 134.0) 133.5(129.2, 137.7) 142.7 (136.7, 148.7) 146.1 (139.9, 152.3) <0.0001
VAT? 98.5(91.2,105.1) 127.6 (122.1, 133.0) 134.5 (130.7, 138.4) 142.0 (136.5, 147.6) 145.5 (139.6, 151.4) <0.0001
SAT? 259.6 (243.1, 276.2) 329.0 (315.3, 342.7) 348.2 (338.4, 358.0) 362.9 (349.0, 376.8) 346.5 (332.1, 360.8) <0.0001
SAT? 272.0 (256.0, 287.9) 328.5(316.0, 341.1) 345.7 (336.9, 354.4) 355.6 (343.0, 368.2) 349.9 (336.4,363.4) 0.0002
IMAT? 16.5 (154, 17.6) 18.8 (17.9, 19.7) 18.9 (18.2, 19.5) 18.7 (17.8, 19.7) 17.7 (16.8, 18.7) 0.75
IMAT? 15.3(14.2,16.4) 17.8 (16.9, 18.7) 18.8 (18.2, 19.4) 19.5 (18.6, 20.3) 19.0 (18.1, 20.0) 0.003
Liver? 57.9 (56.7, 59.1) 55.6 (54.6, 56.6) 55.3 (54.6, 56.0) 54.6 (53.6, 55.6) 54.4(53.3,55.4) 0.0005
Liver’ 58.4(57.2,59.6) 56.4 (55.5,57.4) 55.5 (54.8, 56.2) 53.9(52.9, 54.9) 53.4(52.4,54.4) <0.0001
Waist? 84.8 (83.3, 86.3) 92.3(91.1, 93.6) 95.5 (94.6, 96.4) 98.4(97.2,99.7) 98.8 (97.5, 100.1) <0.0001
Waist? 87.7 (86.2, 89.2) 93.4(92.2, 94.6) 95.3 (94.4,96.1) 97.1(95.9, 98.3) 97.1(95.9,98.4) <0.0001
BMI? 26.3 (25.6, 27.0) 29.5 (28.9, 30.0) 30.9 (30.5, 31.3) 31.7 (31.1, 32.2) 31.4 (30.8, 32.0) <0.0001
BMD® 27.2(26.5,27.9) 29.7 (29.1, 30.2) 30.8 (30.4,31.2) 31.2(30.7, 31.8) 31.1(30.6, 31.7) <0.0001

TAll values reported as mean (95% CI). n = number of participants with VAT, SAT, and IMAT measures (+ BMI and waist circumference); (n) =

number of participants with liver fat. P-trend: linear trend. BMI = kg/m?. VAT, SAT, and IMAT = cm?. Waist = cm. Liver = attenuation measured in
Hounsfield units. IMAT, intermuscular adipose tissue; SAT, subcutaneous adipose tissue; VAT, visceral adipose tissue.

2Model: crude.

3Model: adjusted for age, sex, race, study center, education, employment history, household income, smoking, alcohol, diet quality, energy intake,
physical activity, prevalence of type 2 diabetes, or history of cardiovascular disease event at year 25 exam.

a similar relation with anthropometric indices (BMI and waist
circumference).

To provide insight into the potential dependence of the
abdominal adipose tissue levels on general anthropometric
measures, we present levels stratified by anthropometric-defined
obesity thresholds in Supplemental Table 1. With higher levels
of fast-food intake over 25 y, there were monotonic higher levels
of VAT in middle-aged participants with and without abdominal
obesity (waist circumference defined) and general obesity (BMI
defined) (Figure 1). A similar pattern was observed with liver
fat. SAT and IMAT both displayed a threshold-like relation with
higher fast-food intake/higher levels across the lower 3 categories
and then leveling off.

Table 3 reports the odds ratios of MAFLD according to
average fast-food intake categories over the previous 25 y. Of the
3001 participants, 302 had MAFLD. Compared with participants
who ate at fast-food restaurants never to 1x/mo, there were
monotonic higher odds of having MAFLD with each subsequent
higher level of average fast-food intake. Participants who ate
at fast-food restaurants 3x/wk or more on average over the
previous 25 y had a >5-fold higher odds of having MAFLD
(OR:5.18;95% CI: 2.87,9.37) after adjustment for demographic,
socioeconomic, health status, and lifestyle factors, including diet
quality.

Results from sensitivity analyses that examined the abdominal
adipose tissue metrics by race (Supplemental Tables 2 and
3) were directionally consistent with the main results for VAT
and liver fat. However, the results were qualitatively different
for SAT and IMAT. There was a more monotonic relation
with a threshold between higher fast-food intake and SAT
and IMAT accumulation in white participants, whereas there
was no apparent association between fast-food and SAT or
IMAT in black participants. As well, analyses that categorized
participants according to average fast-food intake from 0 to 20
y; by visit years 0, 7, and 10; or by visit years 15, 20, and
25 were also consistent with the main results (Supplemental

Tables 4-6). Last, analyses that excluded participants with
a history of a CVD event at year 25 were consistent with
the main results, and descriptive characteristics of participants
who had >2 assessments of fast-food intake over 20 y but
did not participate in the year 25 exam were consistent with
participants in this analysis (data not presented for the latter 2
analyses).

Discussion

Dietary intake is hypothesized to be a primary, consequential
driver of TAAT accumulation (25). In this article, we report
results from the CARDIA study, where we quantified levels
of abdominal SAT, IAAT, and odds of MAFLD in middle age
according to a defining aspect of the American diet: fast-food
intake habits. We observed that with higher average fast-food
intake over the previous 25 y, there were monotonic higher
levels of VAT and liver fat, and this was consistent across
general obesity categorization (BMI and waist circumference).
Furthermore, we observed higher levels of all IAAT metrics with
higher average fast-food intake over the first part of adulthood,
albeit without the same magnitude as VAT. Last, we observed
strong, graded higher odds of MAFLD according to higher fast-
food intake.

We are not aware of previous research that has addressed
fast-food intake and accumulation of TAAT, but triangulating
the minimal evidence base thus far provides important context
for these results. First, the amount and type of dietary fat,
particularly saturated fatty acids, along with the amount of
processed carbohydrates and sugar, appears to lead to greater
accumulation of VAT and hepatic adipose tissue (26—29). Second,
the average meal from a fast-food restaurant aligns with the
aforementioned dietary intake paradigm for greater accumulation
of IAAT, as it is higher in calories, saturated fat, cholesterol, and
sugar and lowest in overall diet quality compared with meals from
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FIGURE 1 Visceral adipose tissue levels in middle age according to categories of average fast-food intake over preceding 25 y: stratification by concurrent

(year 25) anthropometric-defined obesity thresholds in Coronary Artery Risk
n = 1747; BMI >30, n = 1395, P-linear trend = <0.0001 BMI <30, 0.002
P-linear trend = 0.0002 < obese, 0.003 obese. VAT, visceral adipose tissue.

other restaurants or prepared at home (7, 30). More broadly, fast-
food intake is a predominant factor in overall dietary intake in the
United States as ~37% of adults report eating fast food on any
given day, with the highest proportions among young (~45%)
and middle-aged adults (~38%), with even higher daily intake
in non-Hispanic black adults and with increasing family income
(9). Of particular note, young and middle-aged adults get ~15%
of their approximate energy intake from fast-food restaurants
(10). Finally, there is evidence fast-food intake as a proportion of
the usual diet has increased (7, 8). Indeed, this reflects industry
trends of an increasing number of fast food restaurants (31). This
ubiquity is reflected in the above-noted intake patterns, but the
average meal from non-fast-food restaurants is also of low dietary
quality (7).

Development in Young Adults. All values reported as mean (95% CI). BMI <30,
BMI >30. Waist circumference (WC) < obese, n = 1723; WC obese, n = 1427,

To sum up, although most research examining how dietary
intake relates with accumulation of IAAT is limited by temporal-
ity considerations, blunt dietary assessment instruments, and few
randomized interventions, the results from this study align with
what has generally been reported. Specifically, dietary patterns
with higher intakes of fruit, vegetables, whole grains, seeds/nuts,
and yogurt were associated with lower IAAT, whereas patterns
with higher red/processed meats, higher sources of saturated
fats, and refined sources of carbohydrates and sugar-sweetened
beverages, and ultimately higher energy intake, were associated
with higher IAAT accumulation (32-36).

To provide further context for interpretation, we note limita-
tions of the current study. The SAT measurement in the study
did not delineate between superficial and deep SAT, which could
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TABLE 3 Odds ratios of metabolic-associated fatty liver disease (MAFLD) in middle age according to categories of average fast-food intake over preceding

25 y: Coronary Artery Risk Development in Young Adults study’

Never—1 x/mo >1x-3x mo 1-<2x/wk 2—-<3x/wk >3 x/wk
Model (n=18/377) (n = 48/544) (n = 96/1056) (n = 63/526) (n =177/498) P-trend
Model 1 1.00 2.11 (1.20, 3.70) 2.35 (1.38, 4.00) 3.62 (2.05, 6.37) 4.99 (2.83, 8.79) <0.0001
Model 2 1.00 2.03 (1.15, 3.58) 2.31(1.34,3.98) 3.50 (1.96, 6.26) 5.18 (2.87,9.37) <0.0001

T All values reported as OR (95% CI). Model 1: adjusted for age, race, sex, and center. Model 2: model 1 + education, 25-y employment status, 25-y
household income, 25-y diet quality, 25-y caloric intake, 25-y physical activity, 25-y alcohol intake, 25-y smoking, and history of CVD. MAFLD was defined
as combination of liver attenuation <40 Hounsfield units (steatosis) plus 1 of 3 other metabolic-related clinical criteria (overweight/obesity, type 2 diabetes,
or normal-weight BMI) and at least 2 metabolic abnormalities: waist circumference >102/88 cm in men and women, blood pressure >130/85 mmHg or
specific drug treatment, plasma triglycerides >150 mg/dL (>1.70 mmol/L) or specific drug treatment, plasma HDL cholesterol <40 mg/dL (<1.0 mmol/L)
for men and <50 mg/dL (<1.3 mmol/L) for women or specific drug treatment, prediabetes [i.e., fasting glucose concentrations 100-125 mg/dL
(5.6-6.9 mmol/L), 2-h postload glucose concentrations 140-199 mg/dL (7.8—11.0 mmol), or glycated hemoglobin 5.7-6.4% (39-47 mmol/mol)], HOMA-IR
score >2.5, and plasma high-sensitivity C-reactive protein concentration >2 mg/L. P-trend = Wald test for linear trend.

further inform the topic. Furthermore, CT is considered a valid
and clinically appropriate method of measuring liver fat, but
magnetic resonance imaging is considered to have measurement
advantages over CT (37). The CARDIA study has a high
participant retention rate after 25 y, but there is still attrition
(and thus potential selection bias). Our comparison of participant
characteristics in those who participated at the year 25 exam
compared with those who did not demonstrated no material
differences, suggesting selection bias does not likely explain
the results. In addition, even if validated, self-reported data for
dietary intake and other lifestyle-related factors likely have some
level of differential and nondifferential measurement error, which
has the potential to influence the results in different ways. Last,
the adjusted compared with minimally adjusted models for means
of SAT and TAAT, as well as in the logistic regression models
for estimating the odds of MAFLD, did not produce materially
different results, suggesting the results are robust. Due to only
1 measure at year 25, we were not able to examine longitudinal
patterns of IAAT and estimate risk for incident MAFLD, although
we speculate that most cases of MAFLD at year 25 did not have
MAFLD at baseline, given the strong link to general weight gain
and obesity.

Fast-food intake is a defining aspect of the typical American
diet because it is commonly consumed across demographic
and socioeconomic strata (9, 38). Because of this ecologic-
level homogeneity, the CARDIA study provides a unique and
insightful cohort with longitudinal individual-level data on the
topic, so important questions related to individual-level fast-
food intake are able to be informed. In addition, the cohort
commenced at a critical period for chronic disease development
in the life course, namely, in early adulthood, when many habits
and influences on health are assorting participants into different
trajectories of health status and disease risk (39). The results
from this analysis robustly demonstrate that middle-aged adults
who ate fast food more frequently over the previous 25 y
have significantly higher odds of MAFLD and an IAAT profile,
particularly higher VAT, aligned with poorer current and future
cardiometabolic health and chronic disease risk.
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