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ABSTRACT
The prevalence of metabolic syndrome (MetS) is greater among US females than males, mainly due to higher risks of dyslipidemia and
hyperglycemia. Lutein and zeaxanthin (L/Z) are carotenoids that can alter the composition of lipoproteins, which may affect components of MetS.
However, little is known about the association between L/Z intake and MetS, especially in females. The purpose of this study was to explore the
relation between dietary L/Z or dietary plus supplemental L/Z intakes and MetS in women (n = 630), aged 20–50 y, participating in the NHANES
2015–2018. Compared with the lowest quartile, women in the highest quartile of dietary L/Z intake had significantly lower risk of MetS after
adjusting for confounders (OR = 0.46; 95% CI: 0.21, 0.98). No significant relation was noted between dietary plus supplemental L/Z intake and
MetS. Future cohort studies should investigate the effects of L/Z on MetS development in women. Curr Dev Nutr 2021;5:nzab123.
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Introduction

Metabolic syndrome (MetS) is characterized by a cluster of cardiovascu-
lar disease risk factors that occur simultaneously, including central adi-
posity, elevated levels of blood pressure, fasting glucose and triglyceride,
and lower HDL cholesterol concentrations (1). MetS is positively asso-
ciated with risk of chronic diseases, including stroke, type II diabetes,
and certain types of cancers (2–4). In 2016, 36.9% of the adult popu-
lation (aged ≥20 y) in the USA had MetS (5). The prevalence of MetS
in American females was greater than in males, mainly due to higher
rates of dyslipidemia, elevated fasting glucose, and waist circumference
(6–8). Between 2011 and 2016, the increase in the prevalence of MetS
was more pronounced in women than in men in the USA (a significant
4.9%, P <0.05 compared with a nonsignificant 3.9%, P = 0.19) (5). Al-
though MetS is less prevalent in younger people, a significantly higher
increase in its prevalence was found in adults aged 20–39 y, compared
with adults aged 60 and older (5.1% compared with 3.8%, P <0.05) (5).
A cross-sectional study showed a significant increase in the prevalence
of central obesity in women aged under 50 y, whereas this MetS risk fac-
tor decreased significantly in women over 50 (9). As such, US females
aged 20–50 y were chosen as the target population in the present study.

Phytochemicals with antioxidant functionality are highly researched
in nutrition for the prevention and treatment of various diseases, in-

cluding cardiovascular diseases, obesity, and diabetes (10). Lutein (L)
and its isomer zeaxanthin (Z) are carotenoids that are commonly found
in dark leafy vegetables, such as kale and spinach. The typical Ameri-
can dietary intake concentration of L/Z is ∼1–2 mg/d, with the amount
of L/Z in cooked spinach and kale being 12.8 mg and 8.88 mg per
100 g serving, respectively (11). L/Z are potent scavengers of free rad-
icals due to their polarity and extended conjugated double bonds,
thus retarding the development of metabolic diseases by increasing the
mRNA expression of antioxidant enzymes and decreasing proinflam-
matory cytokines (12). Furthermore, as polar carotenoids, lutein and
zeaxanthin are primarily transported by HDL particles, and research
shows that they are correlated with the size and concentration of “good
cholesterol” (13–15). Previous observational and interventional stud-
ies suggested that L/Z intakes were positively correlated with serum
HDL cholesterol, but negatively correlated with serum LDL choles-
terol and serum triglyceride (16, 17). Two cross-sectional studies in-
dicated an inverse relation between serum L/Z concentration and risk
of elevated waist circumference, hypertriglyceridemia, and hyperten-
sion in adults (18, 19). A few studies reported that serum L/Z concen-
trations were significantly and inversely related to MetS (18, 20, 21).
However, little is known about whether dietary L/Z intake is associ-
ated with the prevalence of MetS, especially in young and middle-aged
females.
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TABLE 1 Study characteristics by MetS in US females (n = 630)1

Group

Overall
n (weighted
percentage)

No MetS
Mean/percentage

mean (SE)

MetS
Mean/percentage

mean (SE)
P

value2

N 630 475 155
Age, y — 33 (0.48) 36 (0.76) <0.01∗∗
Race/ethnicity, % 0.10

Mexican American 175 (18.4%) 68.8 (4.09) 31.2 (4.09)
Non-Hispanic white 192 (56.8%) 79.3 (3.07) 20.7 (3.07)
Non-Hispanic black 133 (12.4%) 83.8 (3.21) 16.2 (3.21)
Other Hispanic/multiracial 130 (12.4%) 73.1 (4.40) 26.9 (4.40)

Smoking status, % <0.05∗
Never 461 (69.3%) 81.2 (2.56) 18.9 (2.56)
Former 77 (15.4%) 66.1 (4.85) 33.9 (4.85)
Current 92 (15.3%) 70.8 (4.89) 29.2 (4.89)

Total energy intake (kcal/d) — 1804.13 (34.2) 1832.59 (44.3) 0.60
Dietary L/Z 0.17

Quartile 1 (low) 163 (24.3%) 73.9 (4.96) 26.2 (4.96)
Quartile 2 146 (24.5%) 75.4 (4.49) 24.6 (4.49)
Quartile 3 176 (26.4%) 73.3 (3.42) 26.7 (3.42)
Quartile 4 (high) 145 (24.8%) 86.3 (3.48) 13.7 (3.48)

Dietary + supplemental L/Z 0.34
Quartile 1 (low) 164 (24.5%) 77.7 (1.99) 22.8 (1.99)
Quartile 2 145 (24.1%) 77.4 (4.12) 22.6 (4.12)
Quartile 3 182 (27.5%) 74.3 (3.27) 25.7 (3.27)
Quartile 4 (high) 139 (23.9%) 84.2 (3.42) 15.8 (3.42)

1Values are mean (SE) or percentage (SE), n = 630. This analysis was done among participants with complete data for MetS screening using the National Cholesterol
Education Program Adult Treatment Panel III criteria. L/Z, lutein/zeaxanthin; MetS, metabolic syndrome.
2P value was based on a t-test when the dependent variable is continuous and χ2 test when the dependent variable is categorical. ∗P <0.05, ∗∗P <0.01.

Therefore, in this study, we aimed to explore the association be-
tween dietary as well as dietary plus supplemental L/Z intake and MetS
in US females, aged 20–50 y using a national survey dataset. It was
hypothesized that a higher L/Z intake is inversely associated with the
prevalence of MetS among young and middle-aged US females.

Methods

Database and sample
A sample of women was selected from the NHANES 2015–2018.
NHANES is a cross-sectional study that provides representative data for
the noninstitutionalized US population. Detailed information regarding
study design and data collection is available (https://www.cdc.gov/nchs
/data/series/sr_02/sr02-184-508.pdf). Participants complete surveys, a
physical exam, laboratory data collection, 2 d of 24-h dietary recalls, and
2 d of dietary supplement use recalls (21).

This study’s sample (n = 630) included premenopausal women, aged
between 20 and 50 y. As changes in estrogen may affect MetS risk factors,
women who were pregnant, breastfeeding, menopausal, and posthys-
terectomy were excluded from the overall sample (n = 9779) (22). In
addition, women with a diagnosis of type II diabetes were not included.
Participants who had any of the MetS criteria data missing were also
excluded.

Dependent variable of interest
According to the National Cholesterol Education Program Adult Treat-
ment Panel III (NCEP ATP III) and Joint Interim Statement (22), MetS
was defined as the presence of 3 or more of the following 5 criteria for fe-

males: elevated waist circumference (≥ 88 cm), elevated serum triglyc-
eride concentrations (≥150 mg/dL), low HDL cholesterol serum con-
centrations (<50 mg/dL), elevated blood pressure (systolic ≥130 and/or
diastolic ≥85 mm Hg), or elevated fasting glucose serum concentra-
tions (≥100 mg/dL). Blood pressure measure was calculated based on
the mean of 3 systolic and diastolic measures.

Independent variable of interest
Using the USDA’s Food and Nutrient Database for Dietary Studies
(FNDDS) 2015–2018, the intakes of dietary or supplemental L/Z were
calculated based on the mean of total L/Z intake from two nonconsec-
utive 24-h food recalls and two 24-h dietary supplement use recalls, re-
spectively. Because L/Z intakes were not normally distributed, both di-
etary L/Z and dietary plus supplemental L/Z intakes were divided into
4 quartiles according to the weighted distribution of intake.

Covariates
Age, race (Mexican American, non-Hispanic white, non-Hispanic
black, and other races), and smoking status (never, former, and current
smokers) were chosen as covariates based on evidence that they are risk
factors or health disparities of MetS (23). People with or without MetS
in this study had a similar total energy intake (P = 0.60, Table 1), thus
this variable was not adjusted in the analysis.

Statistics analysis
SAS 9.4 (SAS Institute) and SUDAAN release 11.0.3 (Research Tri-
angle Institute) were used for the data analysis. Final analyses were
completed using SUDAAN to compute inferential statistics and ac-
count for the multistage probability design of NHANES, oversampling
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TABLE 2 The association (OR, 95% CI)1 between the quartiles of dietary lutein/zeaxanthin (L/Z) intake, or quartiles of dietary and
supplemental L/Z intake, and MetS in US females (n = 630)

Dietary L/Z intake Dietary + supplemental L/Z intake

Group
Crude OR
(95% CI)2

Adjusted OR
(95% CI)3

Crude OR
(95% CI)

Adjusted OR
(95% CI)

Age, y 1.04 (1.01, 1.07) — 1.04 (1.01, 1.08) —
Race

Mexican American 1.97 (1.13, 3.45) — 2.00 (1.14, 3.50) —
Non-Hispanic white Referent — Referent —
Non-Hispanic black 0.80 (0.42, 1.52) — 0.79 (0.42, 1.52) —
Other Hispanic/multiracial 1.66 (0.80, 3.47) — 1.64 (0.77, 3.50) —

Smoking status, %
Never Referent — Referent —
Former 2.29 (1.17, 4.48) — 2.36(1.23, 4.52) —
Current 1.91 (0.97, 3.78) — 1.93 (0.99, 3.78) —

Dietary L/Z, range (mg/d)
Quartile 1, 0.006–0.48 Referent Referent — —
Quartile 2, 0.49–0.81 0.83 (0.44, 1.55) 0.87 (0.54, 1.39) — —
Quartile 3, 0.82–1.72 0.90 (0.52, 1.56) 0.93 (0.62, 1.39) — —
Quartile 4, 1.73–51.7 0.38 (0.15, 0.97) 0.46 (0.21, 0.98) — —

Dietary + supplemental L/Z, range (mg/d)
Quartile 1, 0.006–0.49 — — Referent Referent
Quartile 2, 0.50–0.81 — — 0.71 (0.36, 1.42) 0.77 (0.46, 1.30)
Quartile 3, 0.82–1.74 — — 0.82 (0.44, 1.52) 0.86 (0.54, 1.36)
Quartile 4, 1.75–51.7 — — 0.42 (0.17, 1.01) 0.49 (0.24, 1.00)

1Calculated by logistic regression analysis.
2Crude (nonadjusted) regression analysis.
3Adjusted regression analysis. Model: age, race, and smoking status were adjusted.

of low-income households, and sampling weights. Both dietary L/Z
intake and dietary plus supplemental L/Z were coded as categorical
variables (quartiles) by determining their weighted distribution. The
differences in means of continuous and categorical variables across the
MetS and non-MetS groups were tested by a t-test and χ 2 test, respec-
tively. Binary logistic regressions were conducted to test the association
between dietary L/Z intake, dietary plus supplemental L/Z intake, and
MetS outcomes, before and after adjusting for the covariates of age, race,
and smoking status. An a priori α< 0.05 was defined as statistically
significant.

Results

Among the 630 participants aged 20–50 y, ∼24.6% had MetS (Table 1).
Participants with MetS were significantly older than those without MetS
(36 versus 33 y, P <0.01). Among participants who did not smoke,
18.9% had MetS. However, among previous or current smokers, the
rates increased to 33.9% and 29.2%, respectively (P <0.05). In univari-
ate analyses, race, total energy intake, quartile of dietary L/Z intake, and
quartile of dietary plus supplemental L/Z intake were not significantly
different among people with or without MetS. As age increased, the risk
of MetS also increased (OR = 1.04; 95% CI: 1.01, 1.07). Additionally,
Mexican Americans were more likely to have MetS than non-Hispanic
whites (OR = 1.97; 95% CI: 1.13, 3.45). The odds of having MetS were
2.29 times higher for former smokers than those who had never smoked
(OR = 2.29; 95% CI: 1.17, 4.48).

Mean dietary L/Z intakes by quartiles 1, 2, 3, and 4, respectively, were
0.30 ± 0.01 mg, 0.64 ± 0.01 mg, 1.16 ± 0.02 mg, and 4.56 ± 0.49 mg
(data not shown in the table). After adjusting for age, race, and smoking

status, quartile 4, representing the highest intake of dietary L/Z (ranging
from 1.73 to 51.70 mg/d), was associated with significantly lower odds
of MetS compared to the lowest intake (OR = 0.46; 95% CI: 0.21, 0.98)
(Table 2).

Mean dietary intake plus supplemental L/Z intakes were 0.33 ± 0.01
mg, 0.64 ± 0.01 mg, 1.20 ± 0.02 mg, and 4.73 ± 0.52 mg, in quar-
tiles 1, 2, 3, and 4, respectively (data not shown in the table). No sta-
tistically significant relations were found between the quartiles of di-
etary plus supplemental L/Z intake and the odds of developing MetS
(Table 2).

Discussion

Among US females aged 20–50 y, participants with the highest intake
(quartile) of dietary L/Z had significantly reduced odds of MetS than
those with the lowest intake (quartile). The results suggested that only
intakes of >1.73 mg/d were related to a reduced risk. Although an in-
verse association between total carotenoids intake and the prevalence
of MetS was reported in previous research, few studies have focused
on L/Z intake and MetS (24, 25). A previous cross-sectional study by
Sluijs et al. showed no relation between dietary L/Z intake and MetS in
Dutch males aged 40–80 y (24). The inconsistency between their find-
ing and ours may be due to different populations and small variation
of L/Z intake in their study (i.e., Dutch males in quartile 4 consumed
only twice as much L/Z as those in quartile 1) (24). In our study, the
mean intake of dietary L/Z for women in quartile 4 (4.56 ± 0.49 mg/d)
was 15 times higher than that for women in quartile 1. This average
daily L/Z intake in quartile 4 is also much higher than the national aver-
age of 1–2 mg (26). After exploring the individual food files, we found
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that some women in quartile 4 had high intakes of kale, spinach, and
romaine lettuce. Women in the highest quartile may consume a diet
that contains higher intakes of L/Z, such as leafy greens, which are
also high in other carotenoids such as β-cryptoxanthin and α- and β-
carotene, that may also be beneficial for people with MetS (27, 28).
This study did not suggest significant relations between MetS and di-
etary L/Z intakes in quartiles 2 and 3. Given the low absorption rate
of lutein, it is plausible that the intakes of L/Z in these 2 quartiles
were not high enough for optimal bioavailability and functionality
(29).

In this group of US women, there was no significant association
between MetS and dietary intake plus supplemental L/Z in combina-
tion. One possible explanation is that the intake of supplemental L/Z
in this young population is low. Supplements containing L/Z are usu-
ally found in multivitamin and mineral preparations formulated for the
older adult. The assumption is confirmed by the data, as the average
consumption of dietary and supplemental L/Z did not change much
compared with dietary L/Z alone, and participants in quartile 4 of di-
etary plus supplemental L/Z intake only showed a mean increase of 0.17
mg in supplemental L/Z compared with quartile 1.

This study has multiple strengths. First, NHANES 2015–2018 is a re-
cent national dataset representing the prevalence of MetS and L/Z intake
in the US population. Secondly, the study was the first that examined
the association between L/Z intake and risk of MetS in females, who
tend to have lower serum HDL cholesterol, higher serum triglycerides
and blood fasting glucose, and increased waist circumference compared
with males (6, 7). As L/Z has been shown to affect lipid metabolism and
body fat accumulation, examining the relation between L/Z and MetS
in females is much needed (16, 17). Thirdly, the study focused on the
young and middle-aged population. Exploring preventative strategies
for MetS at an early age would be important for reducing the occurrence
of the disease later in life. The study has a few limitations that should
also be noted. First, the use of 2-d, self-reported 24-h recalls and 24-h
dietary supplement use recalls may not truly reflect usual dietary in-
takes. Secondly, due to the nature of a cross-sectional study, the causal-
ity of L/Z intake and MetS cannot be determined. However, the promis-
ing findings will inform future interventional studies. Thirdly, although
the main covariates (age, race, and smoking status) were adjusted in the
analysis, other unknown confounding factors may exist. Further studies
are needed to investigate the relation between other modifiable habits
and MetS, such as physical activity, alcohol intake, and other dietary
components in both women and men.

In conclusion, compared with young and middle-aged females with
the lowest intake of dietary L/Z, those in the highest quartile of intake
had a significantly reduced prevalence of MetS. The relation between
L/Z intake and other diseases, especially MetS-related diseases, warrants
further research.
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