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a b s t r a c t 

Since the ongoing coronavirus disease 2019 (COVID-19) pandemic is linked to chronic in- 

flammation, people with initial lower inflammatory status could have better outcomes from 

exposure to this disease. Because dietary habits are one of the most important modifiable 

risk factors for inflammation, identification of dietary components associated with inflam- 

mation could play a significant role in controlling or reducing the risk of COVID-19. We inves- 

tigated the inflammatory potential of diets consumed by African American (AA) and Cau- 

casian American (CA) women of childbearing age ( n = 509) who are at high risk for exposure 

to COVID-19 by being residents of Birmingham, Alabama, a city severely affected by this pan- 

demic. The overall pro- and anti- inflammatory scores were calculated using dietary intake 

data gathered using Block food frequency questionnaire. The proinflammatory potential of 

diets consumed by AAs was significantly higher compared to CAs. Several anti- and proin- 

flammatory nutrients and food groups consumed differed by race. With consumption of a 

greater number of antioxidants and B-vitamins, CAs switched toward an anti-inflammatory 

score more effectively than AAs while AAs performed better than CAs in improving the anti- 

inflammatory score with the consumption of a greater number of minerals and vitamin D. 

Effective race-specific dietary modifications or supplementation with nutrients identified 

will be useful to improve proinflammatory diets toward anti-inflammatory. This approach 

could aid in controlling the current COVID-19 pandemic and future pandemics of a similar 

nature in women at risk for exposure. 

© 2021 Elsevier Inc. All rights reserved. 
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1. Introduction 

A substantial body of evidence indicates that chronic inflam-
mation has an impact on overall health and well-being of
individuals as it is one of the major causes of a variety of
chronic diseases that include cancer [1 ,2] , diabetes [3] , car-
diovascular diseases [4 ,5] and metabolic syndrome [6 ,7] . The
prevalence of these inflammation-associated diseases is an-
ticipated to increase persistently over the next 30 years in the
United States as indicated by the finding that only 21% of peo-
ple had more than one such condition in 2000, while 14 years
later nearly 42% had more than one such condition [8] and
studies have documented racial disparities in the prevalence
of such diseases [9-11] . Studies have also documented that
risk factors for those chronic diseases such as age, race, ex-
cess body weight (EBW), dietary habits, socioeconomic status,
parity and smoking are associated with inflammation [12-17] .
Therefore, factors that reduce inflammation in those affected
by these commonly observed diseases are beneficial to im-
prove the overall health of many individuals. 

The ongoing coronavirus disease 2019 (COVID-19) pan-
demic, caused by infections with severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2), is also linked to chronic in-
flammation since at a certain stage of the infection, the virus
becomes a powerful stimulator of inflammation, leading to
higher severity or adverse outcomes from COVID-19 [18] . Re-
ports also suggest that the susceptibility of getting infected
or the severity of COVID-19 is dictated by some of the same
factors associated with inflammation (age, race, EBW), being
pregnant [19] and related noncommunicable diseases (NCDs)
such as diabetes, cardiovascular diseases and cancers [20] .
Therefore, people with initial lower inflammatory status may
have better outcomes from COVID-19. This indicates the im-
portance of evaluating modifiable factors of inflammation for
reducing the severity of the current COVID-19 pandemic and
future pandemics of a similar nature, with a goal of provid-
ing personalized and adjusted treatment approaches to pro-
tect against or combat diseases caused by these novel viruses
as well as other infectious agents. 

Dietary habits are one of the most important modifiable
risk factors of inflammation and associated diseases [21-23] .
Therefore, identification of dietary components and nutrient-
related biomarkers associated with inflammation could play a
significant role not only for identifying those at higher risk for
COVID-19 disease but also for reducing the risk by implement-
ing effective dietary habit modification regimens or supple-
mentation with such nutrients. A recent perspective has high-
lighted the importance of repositioning nutrition research for
the prevention and control of viral pandemics of this nature
[24] . 

Studies have shown that a Mediterranean diet rich in
fruits and vegetables is associated with lower inflammation
[25] whereas Western-style diets rich in carbohydrates and
fats are associated with higher inflammation [26] . In addition,
specific nutrients such as omega-3 fatty acids [27] , vitamins
A and C [28] , beta-carotene [29] , magnesium [30] , phytochem-
icals [31] , moderate alcohol consumption [32] , and higher di-
etary fiber intake [33] are consistently associated with anti-
inflammatory effects. Previous studies that used dietary in-
flammatory indices (DIIs) or empirical dietary inflammatory
indices (eDIIs) to assess the inflammatory potential of food
items have shown their association with ageing [34] , inflam-
matory biomarkers [35-37] , cancer [38] and cardiovascular dis-
eases [39] . 

Even though the importance of dietary influence on
COVID-19 is beginning to be appreciated [40] , there have been
no comprehensive studies conducted in this area of research
at this point. A recent study suggested that well-controlled
blood glucose (BG) in COVID-19 patients was associated with
lower mortality rates compared to individuals with poorly
controlled BG [41] . This may be due to the fact that high
blood sugar levels may increase the number of inflammatory
immune cells and suppress the anti-inflammatory cells,
throwing the immune system out of balance resulting in a
cytokine storm, seen in many people who have died from
COVID-19. It is known that low-glycemic index (GI) diets have
the potential to positively affect measures of BG control [42] . 

The purpose of the current explorative study was to in-
vestigate the following in socio-economically disadvantaged
African American (AA) and Caucasian American (CA) women
of childbearing age at risk for exposure to COVID-19 who are
residents of Birmingham, Alabama, a city that was severely
affected by the COVID-19 pandemic initially and become
progressively worse; (1) assess the inflammatory potential
of the overall diet consumed by AAs and CAs; (2) assess the
racial differences in the intakes of the number, amount and
the frequencies of specific macronutrients, energy adjusted
micronutrients and minerals, dietary fiber and servings of
food groups contributing to the overall inflammatory score; (3)
assess the race-specific determinants (demographic/lifestyle
factors, health indices) of the overall dietary inflammatory
score. 

2. Methods and materials 

2.1. Study population 

The present analysis is based on 509 women (AA, n = 327 and
CA, n = 182) of childbearing age enrolled by a previous study
[43] . All women included in the study were well characterized
for socio-demographic information (age, race, source of pay-
ment of health insurance), lifestyle factors (parity, smoking,
physical activity), excess body weight (EBW)-related markers
(body mass index [BMI], waist circumference [WC] and % body
fat [%BF]) and dietary intake information. All study protocols
of the study complied with the Helsinki Declaration as revised
in 1983 and the study has been approved the University of
Alabama at Birmingham Institutional Review Board (protocol
number IRB-040126002). 

2.2. Assessment of the dietary intake and the calculation 

of the dietary inflammatory score are described in our data in
brief publication 

2.3. Statistical analyses 

The statistical analysis focused on testing the following: (1)
The differences in the distribution of women according to
anti-inflammatory and proinflammatory scores of each food

https://www.pnas.org/content/109/12/E715
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Fig. 1 – Dietary inflammatory score by the number of 
proinflammatory food items consumed at higher amounts. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

item based on their amount and the frequency of consump-
tion by race; (2) Average DIS based on moderate-high level of
consumption of 19 proinflammatory food items in categories
of 0, 1-2, 4-6, and ≥7 by race; (3) The association between race
and the overall DIS after controlling for other demographic
and lifestyle factors using a regression model; (4) Differences
in demographic and lifestyle factors, indicators of EBW (BMI, %
BF, or WC) by race and by the median DIS using the Pearson χ2 ;
(5) The racial differences in the average intakes of macronu-
trients and energy adjusted micronutrients and minerals, di-
etary fiber and servings of food groups by the median DIS us-
ing ANOVA; (6) The racial differences in the DIS by the number
of antioxidant nutrients, B-vitamins or minerals along with
vitamin D consumed at higher than the median intakes of
the population and by age, smoking status, parity and indi-
cators of EBW within each race; (7) The associations between
age, source of payment of health insurance, indicators of EBW,
physical activity level, smoking status, parity, dietary indices
(health eating index (HEI), GI, and GL) and DIS by using regres-
sion models stratified by race. 

3. Results 

The study population consisted of 64% AA and 35% of CA
women between the age ranges of 19-50 years. A higher per-
centage of AAs (60%) reported that they were unable to pay
for their own health insurance compared to CAs (33%). Ap-
proximately 60% had EBW based on BMI, WC or % BF and 37%
were current smokers. The overall DIS for the study popu-
lation ranged from -36 to + 33 with a median of + 2 while it
ranged from -36 to + 24 with a median of 1 for CAs and -24
to 33 with a median of 3 for AAs. Those who had a score ≥ + 2
and < + 2 were considered to have consumed an overall proin-
flammatory or an anti-inflammatory diet, respectively. We ob-
served that AAs were 2.3 times more likely to have consumed
a diet with proinflammatory potential compared to CAs, inde-
pendent of other demographic and lifestyle factors (OR = 2.3,
95%CI = 1.5-3.4, P < .0001) suggesting the need to test food
consumption habits and determinates of the inflammatory
potential of the diet by race. 

The racial differences in the distribution of women accord-
ing to the anti-inflammatory and proinflammatory score of se-
lected food items based on the amount and the frequency of
consumption are given in Table 1 . 

A higher percentage of AAs were moderate to high con-
sumers of 100% fruit juices or other real juices that con-
tributed to a moderate to high anti-inflammatory scores (sub-
sequently referred to as “higher score”) compared to CAs ( P
≤ .0001 for both). A higher percentage of CAs were higher
consumers of coffee, regular tea/iced tea or brewed black tea
contributing to a higher anti-inflammatory score compared to
AAs ( P = .0007, < .0001, and < .0001). A higher percentage of CAs
also were higher consumers of milk contributing to a higher
anti-inflammatory score compared to AAs ( P = .0006). With
regard to consumption of fruits, we observed that a higher
percentage of AAs were higher consumers of fruits such as
peaches/apricots/nectarines, oranges/tangerines, grapes and
canned fruits contributing to a higher anti-inflammatory
score compared to CAs ( P = .0037, .0036, .0364, .0044). Green
leafy vegetables were also consumed at higher amounts by
AAs contributing to a higher anti-inflammatory score com-
pared to CAs (0.0013). 

Several proinflammatory food items except for added
sugar and tortillas were consumed at higher amounts by AAs,
contributing to a higher proinflammatory score compared to
CAs. The amount and the frequency of consumption of soft
drinks and vitamin C-fortified drinks was higher in AAs con-
tributing to higher proinflammatory scores in AAs compared
to CAs ( P = .0031, < .0001). While the consumption of corn
bread/muffins were higher in AAs, contributing to a higher
proinflammatory score compared to CAs ( P = .0144), the con-
sumption of tortillas was higher in CAs contributing to a
higher proinflammatory scores compared to AAs ( P = .0097).
Refined food items such as cakes/sweet rolls, cookies, pan-
cakes/waffles/French toast/pop tarts and white bread were
consumed at higher amounts by AAs contributing to a higher
proinflammatory scores compared to the CAs ( P = .0060, .0006,
.0031, and .0174). A higher percentage of AAs consumed higher
amounts of items such as bacon, hamburgers/cheese burg-
ers/meat loaf, hot dogs and breakfast sausages, contributing
to a higher proinflammatory score compared to CAs ( P = .0017,
.0005, .0441, and .0007). A higher percentage of AAs also con-
sumed higher amounts of fried food items such as chips, fries
or fried potatoes, fried chicken and fried fish, contributing to
a high proinflammatory score compared to the CAs ( P = .0008,
.0122, < .0001, and .0001). Interestingly, although a higher per-
centage of AAs consumed higher amounts of chocolate can-
dies and other candies, contributing to a higher proinflamma-
tory score compared to CAs ( P = .0206 and .0057), a higher per-
centage of CAs consumed greater amounts of sugar in tea or
coffee that resulted in a higher proinflammatory score com-
pared to AAs ( P < .0001). 

Fig. 1 depicts the stepwise increase in the DIS based on the
consumption of higher amounts of 19 proinflammatory food
items in categories of 0, 1 to 3, 4 to 6, and ≥7 and the per-
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Table 1 – Racial differences in the distribution of women according to anti-inflammatory and proinflammatory scores of 
selected food items based on the amount and frequency of consumption of food items. 
Anti-inflammatory food 
items 

African American Caucasian American P 
value 

Moderate to high 
consumption(score -1 or 
-2) 

Low 

consumption 
(score 0) 

Moderate to high 
consumption(score -1 or 
-2) 

Low 

consumption(score 
0) 

Vegetable/fruit juices 
Real 100% orange juice 
or grapefruit juice 
including fresh, frozen 
or bottled 

106 (32%) 221 (68%) 22 (12%) 160 (88%) < .0001 

Other real juices like 
apple juice, prune juice, 
lemonade 

90 (28%) 237 (72%) 17 (9%) 165 (91%) < .0001 

Milk, coffee and tea 
beverages 
Coffee regular or decaf 38 (12%) 289 (88%) 42 (23%) 140 (77%) .0007 
Tea or iced tea 43 (13%) 284 (87%) 74 (41%) 108 (59%) < .0001 
Milk 56 (17%) 271 (83%) 55 (30%) 127 (70%) .0006 
Fruits and berries 
Raw peaches, apricots, 
nectarines (in season) 

60 (18%) 267 (82%) 16 (9%) 166 (91%) .0037 

Orange or tangerines 33 (10%) 294 (90%) 8 (4%) 174 (96%) .0236 
Grapes, white, red or 
green 

80 (24%) 247 (76%) 28 (15%) 154 (85%) .0163 

Canned fruits like 
applesauce, fruit 
cocktail or dried fruit 
like raisins 

22 (7%) 305 (93%) 2 (1%) 180 (99%) .0036 

Vegetables and green leafy 
vegetables 
Mustard greens, turnip 
greens, collards 

24 (7%) 303 (93%) 2 (1%) 180 (99%) .0013 

Cereal and cereal 
products with high fiber 
Miscellaneous 
Catsup, salsa or chili 
peppers 

36 (11%) 291 (89%) 32 (18%) 150 (82%) .0367 

Proinflammatory food 
items 

African American Caucasian American P 
value 

Moderate to high 
consumption(score + 1 
or + 2) 

Low 

consumption 
(score 0) 

Moderate to high 
consumption(score + 1 
or + 2) 

Low consumption 
(score 0) 

Beverages 
Drinks with some juice 
in them like sunny 
delight, Juice squeeze 

46 (14%) 281 (86%) 10 (5%) 172 (95%) .0031 

Kool aid, HI C or other 
drinks with added 
vitamin C 

157 (48%) 170 (52%) 28 (15%) 154 (85%) < .0001 

Corn and related items 
Corn bread or corn 
muffins 

14 (4%) 313 (96%) 1(1%) 181 (99%) .0144 

Tortillas 1 (0%) 326 (100%) 6 (3%) 176 (97%) .0097 
Refined foods – cakes, 
pastries, cookies, biscuits 
Cakes, sweet rolls, 
coffee cake 

27 (8%) 300 (92%) 4 (2%) 178 (98%) .0060 

Cookies 86 (26%) 241 (74%) 24 (9%) 158 (87%) .0006 
Pancakes, waffles, 
French toast, pop tarts 

38 (12%) 289 (88%) 7 (4%) 175 (96%) .0031 

White bread or toast 
including French, Italian 
or in sandwiches 

69 (21%) 258 (79%) 23 (13%) 159 (87%) .0174 

Meat - red, processed and 
organs 
Bacon 101 (31%) 226 (69%) 33 (18%) 149 (82%) .0017 
Hamburgers, 
cheeseburgers, meat 
loafs, at home or in 
restaurant 

58 (18%) 269 (82%) 12 (7%) 170 (93%) .0005 

( continued on next page ) 
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Table 1 ( continued ) 

Anti-inflammatory food 
items 

African American Caucasian American P 
value 

Moderate to high 
consumption(score -1 or 
-2) 

Low 

consumption 
(score 0) 

Moderate to high 
consumption(score -1 or 
-2) 

Low 

consumption(score 
0) 

Hot dogs, hamburgers, 
sausages 
Hot dogs or sausages 
like polish, Italian or 
chorizos 

24 (7%) 303 (93%) 5 (3%) 177 (97%) .0441 

Breakfast sausages 
including sausage 
biscuits 

46 (14%) 281 (86%) 8 (4%) 174 (96%) .0007 

Fried foods 
Snacks like Potato chips, 
corn chip, popcorns (not 
pretzels) 

78 (24%) 249 (76%) 21 (12%) 161 (88%) .0008 

French fries, fried 
potatoes or hash 
browns 

55 (17%) 272 (83%) 16 (9%) 166 (91%) .0122 

Fried chicken at home 
or restaurant 

93 (28%) 234 (72%) 10 (5%) 172 (95%) < .0001 

Fried fish or fish 
sandwich at home or in 
restaurant 

41 (13%) 286 (87%) 1 (2%) 178 (98%) .0001 

Candy and bars 
Chocolate candy or 
candy bars 

66 (20%) 261 (80%) 22 (12%) 160 (88%) .0206 

Other candy, not 
chocolate, like hard 
candy, caramel, jelly 
beans 

72 (22%) 255 (78%) 22 (12%) 160 (88%) .0057 

Sugar in tea or coffee 61 (19%) 266 (81%) 64 (35%) 118 (65%) < .0001 

Values are number and percentage of the population. 
P values are for Pearson χ2 test and Fischer exact test was used when the number were small in any one the groups. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

centages of AAs and CAs in each category. Those who did not
consume higher amounts of any of the 19 proinflammatory
food items had an anti-inflammatory score of -2.8 and the per-
centage of CAs in this category was higher than in AAs. There
was a stepwise increase in the proinflammatory score as the
number of proinflammatory items consumed increased along
with an increase in the percentage of AAs in those categories.
A similar analysis stratified by EBW indicated that the num-
ber of these food items consumed in higher amounts did not
differ by higher or lower EBW status (data not shown). 

Table 2 shows the racial differences in the demographic,
EBW measurements and lifestyle factors by the inflamma-
tory score categories. A higher percentage of AAs women
with a proinflammatory score were smokers (30%) compared
to AAs with an anti-inflammatory score (20%) and this dif-
ference was reaching significance ( P = .0518). A higher per-
centage of CAs with an anti-inflammatory score (52%) had
BMI ≥25kg/m 

2 compared to those with proinflammatory score
(32%) ( P = .0321). None of the other demographic variables,
EBW measurements and lifestyle factors were different by the
median DIS in either race. 

Table 3 shows the racial differences in the average intakes
of macronutrients, energy adjusted micronutrients, miner-
als and dietary fiber and servings of food groups by the DIS.
In both AA and CA women, those with a proinflammatory
score consumed higher amounts of calories, proteins, carbo-
hydrates, and total fat ( P < .0001 for all). AAs and CAs with
a higher anti-inflammatory score were more likely to have
higher average intakes of antioxidant nutrients vitamins A, E,
C, alpha and beta carotene, cryptoxanthin and lutein, ( P < .01)
while only AAs with an anti-inflammatory score were more
likely to have higher intakes of antioxidant lycopene and total
flavonoids compared to those with a proinflammatory score
( P = .0467 and < .0001, respectively). Both AAs and CAs with
a higher anti-inflammatory score were more likely to have
higher average intakes of B-vitamins (thiamin, riboflavin, pyri-
doxine, folate, and pantothenic acid) and minerals (calcium,
phosphorous, potassium, iron, copper, manganese and mag-
nesium) and vitamin D ( P < .01 for all) while only AAs with
an anti-inflammatory score were more likely to have higher
average intakes of zinc compared to AAs with proinflamma-
tory score ( P = .0214). Further, a higher percentage of AAs and
CAs with an anti-inflammatory score were more likely to con-
sume a greater number of servings of vegetables excluding
servings of salads or potatoes, fruits with or without fruit juice
and a lower number of servings of meat, fish, poultry eggs, and
beans, fat and sugar ( P < .01). None of the other variables were
significantly different by the inflammatory score either race. 

Fig. 2 depicts the racial differences in the DIS by the number
of antioxidant nutrients, B-vitamins or minerals along with
vitamin D consumed at higher than the median intakes of
the population (subsequently referred to as “higher amount”).
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Table 2 – Demographic and risk factors of the study population by the median dietary inflammatory score and by race. 

Variables African American Caucasian American 

DIS P value DIS P value 

< 2 ( n = 137) ≥2 ( n = 190) < 2 ( n = 105) ≥2 ( n = 77) 

Median age (y) 
< 23 68 (50%) 99 (52%) .6593 52 (50%) 36 (47%) .7117 
≥ 23 69 (50%) 91 (48%) 53 (50%) 41 (53%) 
Health insurance paid on their own 
Yes 56 (41%) 75 (39%) .7985 67(64%) 55 (71%) .2800 
No 81 (59%) 115 (61%) 38 (36%) 22 (29%) 
BMI a (kg/m 

2 ) 
< 25 39 (28%) 67 (35%) .1952 50 (48%) 49 (64%) .0321 
≥ 25 98 (72%) 151 (65%) 55 (52%) 28 (36%) 
% Body fat 
< 33% 40 (29%) 63 (33%) .4468 53 (50%) 45 (58%) .2869 
≥ 33% 97 (71 %) 127 (67%) 52 (50%) 32 (42%) 
Waist circumference (cm) 
< 88 45 (33%) 74 (39%) .2579 47 (45%) 42 (55%) .1921 
≥ 88 92 (67%) 116 (61%) 58 (55%) 35 (45%) 
Moderate physical activity (minutes/week) 
< 150 107 (78%) 158 (83%) .2498 80 (76%) 63 (82%) .3606 
≥ 150 30 (22%) 32 (17%) 25 (24%) 14 (18%) 
Smoking status 
Noncurrent 109 (80%) 133 (70%) .0518 45 (43%) 33 (43%) 1.0000 
Current 28 (20%) 57 (30%) 60 (57%) 44 (57%) 
Parity 
0 live birth 54 (39%) 60 (32%) .1423 33 (31%) 23 (30%) .8219 
≥1 live births 83 (61%) 130 (68%) 72 (69%) 54 (70%) 

Values are number and percentage of the population. 
P values are for Pearson χ2 test. 

a BMI-body mass index. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

We observed a gradual decrease in the proinflammatory score
and an increase in anti-inflammatory score in both AAs and
CAs when they consume higher amounts of multiple an-
tioxidant nutrients, B-vitamins or minerals/vitamin D. How-
ever, given the same number of nutrient intakes (0-6 antioxi-
dants, 0-4 B-vitamins, 0-6 minerals/vitamin D), AAs had a ten-
dency to have a higher proinflammatory score compared to
CAs. With a greater number of nutrients consumed at higher
amounts (7-9 antioxidants, 5-6 B-vitamins), there was a ten-
dency for CAs to switch toward anti-inflammatory score more
effectively than AAs while with higher number of intakes of
minerals/vitamin D, AAs performed better than CAs in im-
proving the anti-inflammatory score. However, a sub analy-
sis within each race by factors such as age, smoking, par-
ity, and indicators of EBW that could influence the intakes of
nutrients and minerals demonstrated that this pattern var-
ied by those factors. That is, older AAs and CAs who con-
sumed higher amounts of multiple antioxidant nutrients had
a higher anti-inflammatory score compared to younger AAs
or CAs. However, with the consumption of higher amounts of
multiple B-vitamins or minerals, younger AAs had a higher
anti-inflammatory score compared to older AAs while older
CAs had a higher score compared to younger CAs. AA smok-
ers who consumed higher amounts of multiple antioxidant
nutrients had a higher anti-inflammatory score compared to
AA nonsmokers while there was no difference in the anti-
inflammatory score between CA by smoking status. Both AA
and CA non–smokers who consumed higher amounts of mul-
tiple B-vitamins or minerals had higher anti-inflammatory
score compared to smokers. CAs with no live births and AAs
with ≥1 live births who consumed higher amounts of mul-
tiple antioxidant nutrients had a higher anti-inflammatory
score compared to CAs with ≥1 live birth and AAs with no
live births, respectively. The inflammatory score did not dif-
fer with the consumption of higher amounts of multiple B-
vitamins by parity in both races. Both AA and CA women with
greater WC, BMI or % BF had higher anti-inflammatory scores
with the consumption of higher amounts of antioxidants or
minerals compared to women with lower values for those in-
dicators. With regard to the consumption of higher amounts
of multiple B-vitamins, CAs with greater WC, BMI or % BF had
a higher anti-inflammatory score compared to CAs with lower
values for those indicators while there were no differences in
the score in AAs by EBW status. 

Table 4 shows the racial differences in the associations be-
tween demographic and lifestyle factors, health indices (HEI
or GI or GL), and the DIS. Models were run replacing the in-
dicators of EBW and health indices, one at a time since those
were correlated. In both AAs and CAs, those with a higher GI or
GL were more likely to have a higher proinflammatory scores
compared to women with lower GI or GL (for AA, P = .0003 and
< .0001, respectively and for CA P = .0022 and .0004 restively)
while those with a higher HEI were less likely to have a higher
proinflammatory score ( P < .0001 for both AA and CA). None
of the other variables, including indicators of EBW, were asso-
ciated with the DIS in either race. 
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Table 3 – Differences in the average intakes of macronutrients, energy adjusted micronutrients and minerals intakes, 
dietary fiber and servings of food groups by the overall dietary inflammatory score by race. 

Nutrient/food group 

serving/indices 
African American Caucasian American 

DIS P value DIS P value 

< 2 ≥2 < 2 ≥2 

Nutrients 
Energy Kcal/day 1928.8 3126.4 < .0001 1786.45 2443.8 < .0001 
Protein (g)/day 61.0 97.0 < .0001 56.8 80.1 .0001 
Fat (g)/day 74.6 133.3 < .0001 71.2 104.0 < .0001 
Carbohydrate (g)/day 254.5 383.5 < .0001 227.9 297.3 .0003 
Retinol (preformed vit A) ug/day 207.8 181.2 .1120 216.8 180.3 .008 
Provitamin A (μg)/day 1661.7 839.6 < .0001 1743.9 1026.2 .0030 
Alpha carotene (μg)/day 220.2 87.7 < .0001 258.3 134.0 .0052 
Beta carotene (μg)/day 1341.5 694.9 < .0001 1307.8 815.4 .0041 
Cryptoxanthin (μg)/day 108.4 50.1 < .0001 72.0 28.1 < .0001 
Lutein (μg)/day 922.2 440.9 < .0001 692.5 375.9 .0002 
Lycopene (μg)/day 2085.1 1734.3 .0467 2694.7 2301.2 .2305 
Total flavonoids/day 60.4 23.3 < .0001 101.5 75.3 .2252 
Vitamin C (mg)/day 94.4 71.4 < .0001 67.0 38.7 < .0001 
Vitamin E (a-TE)/day 4.4 3.8 .0047 4.6 3.9 < .0001 
Vitamin B1 (mg)/day 0.7 0.6 < .0001 0.7 0.6 .0234 
Riboflavin (mg)/day 0.8 0.7 < .0001 0.9 0.7 < .0001 
Vitamin B6 (mg)/day 0.8 0.7 < .0001 0.8 0.7 .0005 
Vitamin B12 (μg)/day 1.8 1.6 .4161 1.8 1.7 .0957 
Folate DFE (DFE)/day 222.4 177.8 < .0001 215.3 184.4 .0040 
Pantothenic acid (mg)/day 2.2 1.8 < .0001 2.3 1.8 .0004 
Vitamin D (IU)/day 71.3 40.9 < .0001 83.5 57.2 .0007 
Calcium (mg)/day 362.6 262.9 < .0001 400.6 317.2 .0002 
Phosphorous (mg)/day 520.7 475.1 < .0001 566.0 523.5 .0137 
Potassium (mg)/day 1336.5 1042.9 < .0001 1395.8 1081.0 < .0001 
Zinc (mg)/day 4.6 4.1 .0214 4.9 4.6 .2969 
Iron (mg)/day 6.8 5.8 < .0001 6.5 5.8 .0272 
Magnesium (mg)/day 118.0 93.3 < .0001 130.8 105.5 < .0001 
Copper (mg)/day 0.5 0.4 < .0001 0.6 0.5 < .0001 
Manganese(mg)/day 1.3 1.1 < .0001 1.7 1.3 < .0001 
Total isoflavones (mg)/day 0.6 0.6 .4852 0.8 0.6 .1677 
Total dietary fiber (g)/day 
Servings of food groups 

7.1 5.3 < .0001 7.2 5.8 < .0001 

Vegetable servings/day a 2.4 2.3 .6954 2.6 2.3 .3343 
Fruit servings/day b 1.5 1.0 < .0001 1.1 0.5 < .0001 
Grain servings/day c 4.0 6.5 < .0001 3.6 5.3 < .0001 
Whole grain servings/day d 1.2 1.4 .213 0.8 0.8 .502 
Dairy servings/day e 1.1 1.1 .9163 1.4 1.4 .7585 
Meat, fish, poultry, egg and bean 
servings/day 

1.9 3.3 < .0001 1.6 2.5 < .0001 

Fat and sugar servings/day f 2.8 4.7 < .0001 3.4 4.5 .0001 
Global vegetable servings/week g 4.7 3.1 .0019 7.3 4.9 .0054 
Global fruit servings/week h 5.3 2.7 < .0001 4.1 1.7 < .0001 
Global cereal servings i 2.6 1.9 .0632 2.5 2.1 .5034 

Abbreviations: DFE, dietary folate equivalent; TE, tocopherol equivalents. 
Values are means; P-values are for ANOVA test for continuous variables. 

a Serving of vegetables including salads or potatoes. 
b Frequency of fruits including fruit juices. 
c Servings of breads, cereals, rice, pasta. 
d Servings of grains excluding pasta and refined cereal products. 
e Serving of milk, yoghurt, cheese. 
f Serving of fats and oils, sweets and sodas. 
g Servings of vegetables excluding salad or potatoes. 
h Servings of fruit excluding fruit juices. 
i Servings of cold cereals. 
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Table 4 – Relationship between demographic variables, lifestyle factors, indicators of EBW 

a dietary indices and dietary 

inflammatory score by race. 

Variables African American Caucasian American 

DIS ≥2 vs < 2 P value DIS ≥2 vs < 2 P value 
OR (95% CI) OR (95% CI) 

Age 
< median 1.00 .4545 1.00 .6213 
≥median 0.8 (0.5-1.4) 1.2 (0.6-2.3) 
Heath insurance paid on their own 
Yes 1.00 .8628 1.00 .8216 
No 1.0 (0.6-1.7) 0.7 (0.5-1.9) 
Waist circumference (cm) 
< 88 1.00 .3295 1.00 .3076 
≥88 0.8 (0.5-1.3) 0.7 (0.4-1.4) 
Moderate physical activity (minutes/week) 
< 150 1.00 .2247 1.00 .6048 
≥150 0.7 (0.4-1.3) 0.8 (0.4-1.8) 
Smoking status 
Noncurrent 1.00 .1330 1.00 .6015 
Current 1.5 (0.9-2.6) 0.8 (0.4-1.6) 
Parity 
0 live births 1.00 .1330 1.00 .2372 
≥1 live births 1.5 (0.9-2.6) 1.2 (0.8-3.0) 
HEI b 

< 54 1.00 < .0001 1.00 .0002 
≥54 0.2 (0.2-0.4) 0.3 (0.2-0.6) 
Glycemic index c 

< 54 1.00 .0003 1.00 .0022 
≥54 2.7 (1.7-4.4) 2.7 (1.4-5.1) 
Glycemic load c 

< 139 1.00 < .0001 1.00 .0004 
≥139 3.9 (2.4-6.3) 3.2 (1.7-6.1) 

Unconditional logistic regression analysis used to test the relationships. 
a EBW-excess body weight. 
b HEI-health eating index. 
c Because of their significant correlation with each other, 3 indices were tested in separate models, one at a time. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4. Discussion 

This study that focused on the inflammatory potential of di-
ets consumed by AA and CA women who are at high risk for
exposure to COVID-19 documented that the proinflammatory
potential of diets consumed by AAs was significantly higher
compared to CAs and several anti- and proinflammatory nu-
trients and food groups consumed differed by race. With con-
sumption of a greater number of antioxidants and B-vitamins,
CAs switched toward an anti-inflammatory score more effec-
tively than AAs while AAs performed better than CAs in im-
proving the anti-inflammatory score with the consumption of
a greater number of minerals and vitamin D. Therefore, ef-
fective race-specific dietary modifications or supplementation
with nutrients identified will be useful to improve proinflam-
matory diets toward anti-inflammatory. This approach could
aid in controlling the current COVID-19 pandemic and future
pandemics of a similar nature in women at risk for exposure
to such viral infections. 

The handling of the COVID-19 pandemic in the US and
worldwide has been challenging since clinically approved
COVID-19 medications or vaccines will not be available for at
least 12 months after the onset of the pandemic. This under-
 

scores the importance of evaluating other factors that may re-
duce the burden of disease due to this virus as well as expo-
sure to other viruses of similar nature in the future. We begin
to understand that there are wide racial and individual vari-
ations in response to COVID-19 [16] , indicating the possibility
that treatments can be personalized or adjusted to protect or
combat COVID-19 infections. Dietary factors should be consid-
ered in this approach since the consumption of a healthy diet
provides nutrients that play a significant role in controlling
the likelihood of getting infected as well as inflammatory re-
sponse to such viral infections. We have previously shown that
in a cohort of women similar to the current study, those with
higher circulating concentrations of folate were significantly
less likely to get infected with carcinogenic or high-risk (HR)
genotypes of human papillomaviruses (HPVs), and less likely
to have a persistent infection and more likely to clear the in-
fection [44] . In addition, we also reported that Indian women
with higher circulating concentrations of folate and vitamin
B12 were significantly less likely to be infected with HR-HPVs
[45] . Such nutrient-regulated mechanisms that control epige-
netic changes [46 ,47] could have a significant effect on in-
flammatory response to viral infections. Other micronutrients
are also crucial to epigenetic modification to strengthen the
immune system [48] . Several studies have documented that
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Fig. 2 – Dietary inflammatory score by higher intakes of 
varying numbers of (A) antioxidant nutrients ∗ (B) B-vitamin 

nutrients ∗∗ (C) minerals/vitamin D 

∗∗∗ among AAs and Cas. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

restoring or improving the nutritional status may enhance the
ability to ward off NCDs and infectious diseases [49 ,50] . There-
fore, it is important to understand dietary habits or patterns
that favor proinflammatory potential in all people who risk
exposure to COVID-19 because of their lack of knowledge or
lifestyle. We focused on women of childbearing age at risk for
exposure to COVID-19, since recent studies have shown that
pregnant women and their fetuses represent a high-risk pop-
ulation for this disease [51] . It is also clear that AAs are dis-
proportionately affected by this pandemic with regard to the
rate of transmission as well as adverse outcomes [52 ,53] . Even
though the differences with respect to socio-economic status,
knowledge or lack of access to appropriate methods to prevent
infection by the COVID-19 may explain some of these racial
disparities [54] , the role played by other lifestyle factors such
as diet-related inflammatory status should not be overlooked
in a long-term plan for reducing the burden of viral infections
of this nature. Several studies have shown that AAs have a
poor diet and a higher prevalence of food insecurity than CAs,
contributing to lower intakes of several nutrients with overall
health benefits [55-58] . 

In this explorative study, both AA and CA women could be
considered to have lower socio-economic status in general as
they were all referred by health departments in the Birming-
ham area. However, we noted that a larger percentage of AAs
were unable to pay for their health insurance on their own
and needed assistance, suggesting that AAs are likely to have
lower socio-economic status than CAs. We observed that the
overall proinflammatory potential of diets consumed by AAs
was significantly higher compared to CAs despite their con-
sumption of more anti-inflammatory food items compared to
CAs. This could be explained by the fact that AAs also con-
sumed significantly higher amounts of proinflammatory food
items compared to CAs, negating the beneficial effects of anti-
inflammatory food items consumed. 

A lack of significant association between EBW and the
proinflammatory potential of diets consumed was somewhat
unexpected. We, however, noted that a greater percentage of
women with a higher EBW consumed ≥ 7 micronutrients and
minerals but similar amounts of proinflammatory food items
compared to those with a lower EBW, and this may explain
this finding. 

Our results also indicated that with targeted dietary ad-
vice, it is possible to change a proinflammatory diet toward
an anti-inflammatory diet in both races but CAs appear to
benefit more from incorporating higher amounts of several
antioxidant nutrients and B-vitamins while AAs may bene-
fit from higher intakes of minerals/vitamin D provided both
races consume nutrient-dense food items rather than calorie-
dense food items. We noted that with a given number of
both micronutrient and B-vitamin intakes, AAs have a higher
proinflammatory score or lower anti-inflammatory score. This
could be due to racial differences in food preparation methods
such as over-cooking that diminishes the nutritive value of
food. Future developments in diet questionnaires that capture
details of food preparation methods and make a correction
for nutrient losses and tailored advice based on this aspect
is required to address this racial disparity. We also noted that
certain factors that could influence the consumption of food
items containing antioxidant nutrients, B-vitamins and min-
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erals such as age and smoking habits have race-specific dif-
ferential effects on improvements in the inflammatory score,
suggesting that those factors may influence food choices or
food preparation methods in different ways in AAs and CAs.
We were unable to evaluate some factors that may influence
the intakes of those nutrients and minerals such as the phys-
ical activity because of the smaller number of women in the
comparison category. Therefore, in order to provide effective
tailored dietary guidance to AAs and CAs, future studies with
larger sample size are needed to confirm our results in this
aspect and also evaluate other factors that could modify the
intakes or bioavailability of such nutrients that are not con-
sidered in this study. 

In this study, we have identified several anti- and proin-
flammatory nutrients and food groups consumed by this pop-
ulation in general and their race specific differences, thus al-
lowing implementation of successful targeted dietary inter-
ventions. Further, we also noted that several health indices
such as HEI, GI and GL are associated with the inflammatory
potential of overall diet in this population. GL is especially im-
portant since lowering the GL of the diet may be an effective
method to improve glycemic control, a factor that place peo-
ple at higher risk for COVID-19 severity. These indices will be
useful for monitoring the effectiveness of dietary interven-
tions by calculating the indices before and after such interven-
tions. Future discovery and validation of omic-based molecu-
lar markers that are related to dietary habits identified in this
study in easily obtainable biological materials will strengthen
such efforts. 

Overwhelming evidence indicates that inflammatory state
in humans is a feature of a wide range of chronic conditions
including several important ones that increase the severity of
exposure to COVID-19. There is also a substantial evidence to
suggest that many macro- and micronutrients as well as non-
nutrient food components modulate both acute and chronic
inflammation. [59 ,60] Therefore, effective race-specific modi-
fications based on dietary components identified by our study
in this high-risk population will not only be beneficial to im-
prove overall health but also to prevent, control or lower the
severity of the current COVID-19 pandemic and future pan-
demics of a similar nature. The influence of diet on COVID-19
risk has not yet been explored in any detail, and our study
results introduce the concept that dietary effects on inflam-
mation may have a possibly profound impact on response to
this virus, which will likely be with us for many years to come.
Our next step will be to couple these concepts with biomarker
analyses in a population with known COVID-19 status in a set-
ting of targeted dietary advice to improve their diets toward an
anti-inflammatory potential. 
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