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Figure 2  The adjusted smoothed plots between carotenoid intakes and current asthma based on two-piece-wise regression 
model. (A–I) The non-linear or linear relationships between α-carotene, β-carotene, β-cryptoxanthin, dietary lycopene, dietary 
lutein with zeaxanthin, dietary carotenoid intakes, total lutein with zeaxanthin, total lycopene and total carotenoid intakes. 
Adjusted for age, gender, race, education, marital status, family income, smoking status, intake energy, total fat, dietary fibre 
and asthma medication. The red and blue line represent the estimated values and their corresponding 95% CIs.
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carotenoid intake than those with a lower dietary total 
carotenoid intake. Among the total subjects with different 
grades of total carotenoid intake, CRP levels varied signifi-
cantly (medium (Q1–Q3)), quartile 1: 0.26 (0.11–0.58), 
quartile 2: 0.20 (0.08–0.46), quartile 3: 0.18 (0.07–0.41), 
quartile 4: 0.14 (0.06–0.34), respectively (p<0.001). Addi-
tionally, the results were similar among subjects with 
current asthma or without current asthma.

DISCUSSION
In this cross-sectional analysis, we used data from three 
waves of the NHANES (2007–2012) to investigate the 
relationship between dietary intakes of carotenoids 
(including α-carotene, β-carotene, β-cryptoxanthin, 

lutein with zeaxanthin, lycopene, dietary carotenoid 
and total carotenoid) and the risk of current asthma. To 
our knowledge, this is the first study to comprehensively 
examine the associations between different kinds of carot-
enoid intakes and the risk of current asthma, focusing on 
the general population. It was found that all carotenoid 
intakes were associated with lower odds of having current 
asthma. After adjusting for age, sex, race and other poten-
tial confounding factors, these relationships remained 
significant. The results of generalised additive models 
and smooth curve fittings showed non-linear relation-
ships between α-carotene, β-carotene, β-cryptoxanthin, 
lutein with zeaxanthin, total carotenoid intake and the 
risk of current asthma, as well as a linear relationship 

Table 3  Weighted ORs (95% CIs) for current asthma according to quartiles of total carotenoids intake, stratified by age and 
gender

Total carotenoid (diet 
and supplement)

Model 1 Model 2 Model 3 P value for 
interactionOR 95% CI, p value OR 95% CI, p value OR 95% CI, p value

Age 0.634

20–39 years old

 � Quartile 1 Referent Referent Referent

 � Quartile 2 0.68 (0.50 to 0.93), 0.021 0.68 (0.50 to 0.94), 0.022 0.79 (0.56 to 1.12), 0.197

 � Quartile 3 0.66 (0.48 to 0.91), 0.016 0.67 (0.49 to 0.92), 0.017 0.79 (0.55 to 1.12), 0.201

 � Quartile 4 0.55 (0.41 to 0.75), <0.001 0.55 (0.40 to 0.75), <0.001 0.66 (0.44 to 1.00), 0.064

40–59 years old

 � Quartile 1 Referent Referent Referent

 � Quartile 2 0.71 (0.52 to 0.99), 0.047 0.72 (0.52 to 1.01), 0.066 0.78 (0.56 to 1.07), 0.136

 � Quartile 3 0.58 (0.45 to 0.77), <0.001 0.59 (0.45 to 0.78), <0.001 0.71 (0.53 to 0.95), 0.031

 � Quartile 4 0.44 (0.33 to 0.59), <0.001 0.44 (0.32 to 0.59), <0.001 0.49 (0.34 to 0.70), <0.001

≥60 years old

 � Quartile 1 Referent Referent Referent

 � Quartile 2 0.67 (0.53 to 0.86), 0.003 0.67 (0.53 to 0.87), 0.004 0.80 (0.61 to 1.06), 0.131

 � Quartile 3 0.71 (0.52 to 0.97), 0.037 0.71 (0.52 to 0.97), 0.039 0.88 (0.61 to 1.26), 0.495

 � Quartile 4 0.61 (0.45 to 0.82), 0.002 0.60 (0.46 to 0.81), 0.002 0.77 (0.52 to 1.13), 0.195

Gender 0.1703

Male

 � Quartile 1 Referent Referent Referent

 � Quartile 2 0.72 (0.52 to 1.01), 0.061 0.73 (0.52 to 1.01), 0.067 0.83 (0.59 to 1.18), 0.312

 � Quartile 3 0.74 (0.56 to 0.97), 0.037 0.75 (0.57 to 0.98), 0.044 0.88 (0.64 to 1.20), 0.438

 � Quartile 4 0.57 (0.42 to 0.77), <0.001 0.58 (0.43 to 0.77), <0.001 0.67 (0.45 to 0.96), 0.039

Female

 � Quartile 1 Referent Referent Referent

 � Quartile 2 0.67 (0.52 to 0.87), 0.004 0.68 (0.53 to 0.88), 0.005 0.74 (0.58 to 0.95), 0.027

 � Quartile 3 0.56 (0.45 to 0.70), <0.001 0.57 (0.45 to 0.71), <0.001 0.67 (0.55 to 0.86), <0.001

 � Quartile 4 0.46 (0.36 to 0.61), <0.001 0.46 (0.35 to 0.61), <0.001 0.56 (0.41 to 0.75), <0.001

Each subgroup analyses adjusted for all other variables except its own.
Significant values are highlighted in bold.
Model 1: non-adjusted model.
Model 2: adjusted for age (continuous), gender, race (non-Hispanic white, black, Mexican American, other Hispanic, other race/ethnicity).
Model 3: adjusted for age (continuous), gender, education (less than high school, high school, more than high school or mission), marital status 
(married, widowed, divorced, separated, never married or living with partner), family Income (continuous), smoking status (never, current or former), 
intake energy (continuous), total fat (continuous), dietary fibre (continuous) and asthma medication.
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between lycopene intake and the risk of current asthma. 
In the stratified analysis, a stronger association was found 
between total carotenoid intake and the risk of asthma 
in the age group of 40–59 years old, and in non-Hispanic 
white, black and Mexican American adults. Additionally, 
the CRP levels were lower in subjects with a higher carot-
enoid intake than in those with lower carotenoid intake.

Asthma is a chronic disease characterised by airway 
inflammation and airway hyper-responsiveness. Physio-
logical damage caused by oxidative stress through reactive 
oxygen species (ROS) attack plays an important role in 
the chronic inflammation of asthma.34 ROS increases the 
vagal tone by decreasing β-adrenaline function, resulting 
in airway hyper-responsiveness.35 ROS induces the contrac-
tion of airway smooth muscles by increasing acetylcholine 
and promotes the histamine release from mast cells and the 
mucus secretion from airway epithelial cells.36 37 Additionally, 
excessive ROS production may cause an imbalance of respi-
ratory antioxidants/oxidants, leading to the emergence and 
persistence of pulmonary fibrosis induced by transforming 
growth factor-β1.38 So, pulmonary and systemic oxidative 
stress increases the inflammatory response associated with 
asthma and allergies.39 Carotenoids as diet-derived antioxi-
dants have antioxidant effects and can lower ROS activities, 
thereby reducing airway inflammation and improving lung 
function in patients with asthma. Previous studies have shown 
that β-carotene can scavenge the highly reactive free radical 
superoxide anions and donate an electron to reduce free 
radical molecules, preventing oxidative damage.8 40 Addi-
tionally, lycopene suppresses Th2 responses, reduce eosin-
ophilic infiltrates the lungs, and ovalbumin-induced airway 
inflammation in an animal model of allergic asthma.41 42 In 
our study, the results showed that total carotenoid intake 

was negatively associated with CRP levels in the peripheral 
blood of participants. CRP can be significantly elevated in 
the airways and peripheral blood of patients with asthma 
from previous study.43 Therefore, we hypothesise that carot-
enoids may promote asthma prevention through general 
anti-inflammatory and antioxidant capabilities.

Several meta-analyses have suggested that fruit and vege-
table consumption may reduce the risk of asthma due to 
their antioxidant effects.27 28 There are also some studies 
suggesting that the Mediterranean diet that is rich in vegeta-
bles and fruits, correlated negatively with the risk of asthma 
compared with the Western diet.6 7 As vegetables and fruits 
are the main sources of carotenoids, these studies indirectly 
suggested that carotenoid intakes reduce asthma risk. Two 
previous studies on serum antioxidant levels and asthma 
risk using NHANES (1988–1994) among children and 
adults, respectively, showed that low serum carotenoid levels 
increased the risk of asthma in children, but there were no 
differences of serum carotenoid levels in adults.30 44

Another result from a large E3N study of 68 535 French 
women showed that increased consumption of tomatoes, 
carrots and leafy vegetables (rich in carotenoids) was asso-
ciated with a lower risk of asthma in women.14 Recently, a 
cross-sectional observational study of 158 adolescents found 
that obese asthmatics had the lowest serum total carot-
enoid levels compared with healthy weight asthmatics and 
healthy weight controls. They speculated that carotenoids 
might have a protective effect on metabolic health and lung 
function in obese asthmatic patients.45 Results from both 
a randomised controlled46 and a case–controlled study29 
showed that dietary supplementation or adequate intake 
of lycopene-rich foods may be beneficial in subjects with 
asthma, improving lung function and decreasing serum CRP 

Figure 3  Levels of serum CRP according to quartile of total carotenoid intake. Boxplot shows the median (bar), the first and 
third quartiles (box) and the 1 s and 99th percentiles (whiskers) for each group. Data are presented as medians (Q1–Q3). P value 
was calculated by weighted linear regression model. CRP, C reactive protein.

 on S
eptem

ber 8, 2024 by guest. P
rotected by copyright.

http://bm
jopen.bm

j.com
/

B
M

J O
pen: first published as 10.1136/bm

jopen-2021-052320 on 14 June 2022. D
ow

nloaded from
 

http://bmjopen.bmj.com/


10 Zhang W, et al. BMJ Open 2022;12:e052320. doi:10.1136/bmjopen-2021-052320

Open access�

levels in patients with asthma. Contrastly, a meta-analysis,19 
which included five observational studies, suggested that 
high dietary β-carotene intake was not associated with the 
risk of asthma and lung function. However, all five studies 
included only β-carotene, without other types of carotene 
consumption, and two studies lacked adjustment for the 
potentially important confounding factors.

In subgroup analysis, although the associations between 
the carotenoid intake and the risk of asthma were stronger 
in the 40–59 age group, in non-Hispanic white, black and 
Mexican American groups, the results of the interaction 
were not significant. In the NHANES database, the preva-
lence of asthma and serum carotenoid levels varied among 
race groups, and their relationships with race varied.47 48 It 
is unclear why the associations were different among races. 
We speculate that the variability may be due to other poten-
tially confounding factors which are difficult to assess (eg, 
exercise and dietary patterns). Also, the potential mecha-
nism why the association between carotenoids and asthma 
would be stronger in the 40–59 age is unclear. This could be 
a chance finding, and more research is needed to explain 
the relationship.

Our study used a larger and nationally representative 
NHANES database to investigate the association between 
the intake of multiple carotenoids singly and in combination 
and the risk of asthma. We also adjusted for more potential 
confounders than previous studies, including modifications 
of lumped dietary fibre and fatty acids, which are reported 
to be associated with the risk of asthma.26 49 Additionally, a 
generalised additive model and smooth curve fitting were 
used to show the linear and non-linear relationship between 
the intake of carotenoids and the risk of current asthma. 
These are improvements on previous studies.

This study had some limitations. First, in the NHANES 
database, the carotenoid data were derived from two 24-hour 
food recalls collected after asthma diagnosis. We lacked 
dietary intake data before asthma diagnosis. Whether carot-
enoid intake increased the asthma risk or whether carot-
enoid intake was altered by disease after asthma onset was 
unclear. Therefore, we could not establish a causal relation-
ship between carotenoid intake and asthma risk. Prospective 
studies are also needed and are able to establish a causal rela-
tionship between carotenoid intake and asthma risk, and the 
molecular and physiological mechanisms behind it need to 
be further studied and clarified. Second, the average carot-
enoid intakes in this study were calculated using two 24-hour 
dietary recalls, so there may be recall bias. Additionally, we 
used a self-reported scale instead of lung function to iden-
tify participants with asthma, which may lead to misclassifi-
cation. Third, although we found CRP levels were lower in 
subjects with higher total carotenoid intake, the difference 
in the absolute CRP value was very small among all four quar-
tiles, and this may only have a very minor biological impact. 
Additionally, we lacked the information on active infection 
and medication, which can alter CRP levels and affect the 
result’s accuracy. Therefore, it may be necessary to investi-
gate the relationship between other inflammatory factors 
and carotenoid intake in the future in order to speculate 

on the underlying mechanisms. Fourth, we lacked the data 
of participants’ serum or skin carotenoid levels to further 
analyse whether serum carotenoids were associated with 
asthma risk. Fifth, there was the possibility of disease-related 
modification of consumption, which could not be tested and 
might affect the accuracy of the results. Sixth, although we 
adjusted some confounding factors, there were still some 
potentially unknown confounding factors that may affect 
our results.

CONCLUSION
In conclusion, our investigation indicates that in a sample of 
US adults, higher intakes of a-carotene, β-carotene, β-cryp-
toxanthin, lutein with zeaxanthin, lycopene or total of them 
were associated with lower risk of current asthma and lower 
systemic inflammation. The relationship needs to be further 
validated in other prospective studies and the mechanisms 
behind these associations need to be further investigated. 
These findings may help people reduce the asthma risk and 
get the disease better controlled by changing their lifestyle 
and diet factors.
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