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Abstract

Objective: Current evidences on the association between hyperuricaemia and
retinol intake remain inconsistent. Furthermore, no known studies have investi-
gated the relationship between hyperuricaemia and retinol intake from animal
food and plant food separately. This study aimed to assess the relationship
between different sources of retinol intake and risk of hyperuricaemia among
US adults.

Design: Univariate and multivariate weighted logistic regression models and
restricted cubic spline models were used to assess the associations of total,
animal-derived and plant-derived retinol intakes with the risk of hyperuricaemia.
Dietary retinol was measured through two 24-h dietary recall interviews.
Hyperuricaemia was defined as serum uric acid level >7-0 and >6:0 mg/dl in
men and women, respectively.

Setting: Data from the National Health and Nutrition Examination Survey
2009-2014 were used in this cross-sectional study.

Participants: Overall, 12 869 participants aged >20 years were included.

Results: Compared with the lowest quintile, the multivariable OR of hyperuricaemia
for the highest quintile intake of total, animal-derived and plant-derived retinol were
0-71 (95 % CI 0-52, 0:96), 0-76 (95% CI 0-59, 0-96) and 0-92 (95% CI 0-72, 1-17),
respectively. The inverse association between dietary intake of total retinol and
the risk of hyperuricaemia was observed in men. Dose—response analyses revealed
a novel linear trend between the risk of hyperuricaemia and total, animal-derived
retinol intake separately.

Conclusions: Our findings indicated that intakes of total and animal-derived retinol
were negatively associated with hyperuricaemia in US adults.
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Uric acid is the ultimate product of purine metabolism in
humans. Hyperuricaemia occurs when serum uric acid
level exceeds the normal level. As a precursor of gout
symptoms™’, hyperuricaemia is also associated with the
development of hypertension'®, CVD®®, type II diabe-
tes”, metabolic syndrome® and premature deaths”.
The current prevalence of hyperuricaemia ranges from
89 to 24-4% in different populations® V. Nevertheless,
the aetiology of hyperuricaemia remains unknown.
Besides genetic variations'?>'® and environmental
factors'?, several dietary factors have been associated with
hyperuricaemia®?. Purine-rich foods">17, alcohol™® and
even high fructose and sugar-sweetened beverages?%2?
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may definitively increase the risk of hyperuricaemia
The intakes of some antioxidant nutrients, including
vitamin C?29, vitamin E?% and Zn?®, are negatively asso-
ciated with hyperuricaemia. The common mechanism of
lowering uric acid level was because of the antioxidant
property of these nutrients which could reduce oxidative
stress and further decrease uric acid synthesis®329.
Vitamin A, also called retinol, is a potent exogenous anti-
(2728 that is presumed to be linked to
uric acid metabolism. Several studies aimed to assess the
relationship between dietary retinol intake and hyperuri-
caemia with inconsistent results. A Korean study revealed
that subjects with hyperuricaemia had lower retinol intakes

oxidant for humans
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than controls®”. However, a previous study conducted to
compare data from two cohorts of homogenous ethnicity
but different food traditions (Australia and Norway)®”
revealed that retinol intake was positively associated with
the uric acid level in the Australian cohort, although this
association was not significant in the Norwegian cohort.
In a cross-sectional survey in Taiwan, retinol intake was
not significantly associated with hyperuricaemia®V. Thus,
the limited evidences associating retinol intake with
hyperuricaemia are controversial and need to be further
assessed.

To our knowledge, previous studies on the associa-
tions of dietary retinol intake and hyperuricaemia have
less stratified evidence when retinol intakes from animal
food and plant food were referred to. Additionally, no
known studies have investigated the dose-response rela-
tionship. Therefore, the current study aimed to assess the
associations and dose-response relationship between risk
of hyperuricaemia and dietary intakes of total, animal-
derived and plant-derived retinol among the US adult
population using data from the National Health and
Nutrition Examination Survey (NHANES) 2009-2014.

Methods

Study populations

In this cross-sectional study, data were gathered from three
2-year cycles (2009-2014) of NHANES. A stratified, multi-
stage sampling design was used to produce a sample that
represented American civilians of the non-institutionalised
population®®. The programme covers clinical, physical,
laboratory and interviews to obtain dietary and health
indicators. NHANES participants are first interviewed at
home and then undergone a health check at the mobile
examination centre. More details of this study design are
available on the NHANES official website®®. Overall,
30468 individuals participated in the NHANES during
2009-2014. Our analyses were limited to 17 547 individuals
aged >20years. We excluded 1652 participants with
incomplete uric acid results, 2739 with incomplete or unre-
liable 24-h recall data, 149 pregnant women and 138 with
total energy intake >mean + 3 sp (18 853-104 kJ) or <mean
— 3 sp (0K)). Finally, 12 869 subjects (6158 men and 6711
women) were included (Fig. 1.

Measures

Hyperuricaemia was defined as serum uric acid level >7-0
and >6-0mg/dl in men and women, respectively. The
method of detecting serum uric acid level was described
elsewhere®?; serum uric acid concentration was detected
on a Beckman Synchron LX20 or Beckman UniCel®
DxC800 Synchron after oxidisation with the specific
enzyme uricase to form allantoin and H,O,. The detailed
measurement methods for weight and height are available
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in https://wwwn.cdc.gov/nchs/data/nhanes/2011-2012/
manuals/Anthropometry_Procedures_Manual.pdf. The
detailed measurement methods for blood pressure are
available in https://wwwn.cdc.gov/Nchs/Nhanes/2011-
2012/BPX_H.htm; Dietary vitamin A intake in retinol
activity equivalents (mcg) was the main measure of retinol
intake and was calculated through two 24-h dietary recall
interviews. The first dietary recall interview was collected
in-person in the mobile examination centre, and the sec-
ond interview was collected by telephone 3-10d later.
Sources of dietary retinol were identified using US
Department of Agriculture Food and Nutrient Database
for Dietary Studies (2009-2010, 2011-2012 and 2013—
2014, respectively). Intakes of animal-derived retinol
(milk and milk products; meat, poultry, fish and mixtures;
eggs) and plant-derived retinol (legumes, nuts and seeds;
grain products; fruits; vegetables; fats, oils and salad
dressings; sugars, sweets and beverages) were calculated
according to the food code. As for ‘animal-derived retinol’,
1 mcg retinol activity equivalents =1 mcg all-trans retinol
from animal foods. To calculate retinol activity equivalents
for ‘plant-derived retinol’, we used the equation: retinol
activity equivalents for plant-derived retinol (mcg) =
1/12 beta carotene (mcg) + 1/24 other provitamin A (mcg).

Covariates

Based on the literatures and the assessed correlations in
our data, the following factors that correlated with hyper-
uricaemia and retinol intakes were included to control
for potential effects of confounding: age, gender, race
(Mexican American, other Hispanic, non-Hispanic White,
non-Hispanic black and others), educational background
(<high school, high school and >high school), BMI, smok-
ing status (smoking at least 100 cigarettes in life or not),
drinking status (having at least twelve alcohol drinks/year
or not), total energy intake, vitamin C intake, dietary fibre
intake, Mg intake, levels of total cholesterol, hypertension
status (mean systolic blood pressure >130 mmHg or
diastolic blood pressure >80 mmHg®® or self-reported
physician diagnosis) and diabetes status (fasting blood
sugar level >7-0 mmol/l or 2-h plasma glucose level
>11-1 mmol/l or taking anti-diabetic pills or insulin).

Statistical analyses

All statistical analyses were conducted using Stata 15.0.
To carry out nationally representative estimates, appropri-
ate sampling weights, primary sampling units and stratified
information were considered in the study. Following the
NHANES analysis guide available on the NHANES website
(https://wwwn.cdc.gov/nchs/nhanes/tutorials/module3.
aspx), the new 6-year sample weight was created using
one-third of the 2-year dietary weighted. Baseline charac-
teristics of the participants with and without hyperuricaemia
were compared with respect to gender. The continuous
variables were presented as mean + sp, and the categorical
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Participants of NHANES
2009-2010 (n 10537)
2011-2012 (n 9756)
2013-2014 (n 10175)

n 30468
Participants younger B
than 20 years old were
excluded (n 12921) v
[ n 17547 ]
Participants with
incomplete uric acid
*| readings were excluded
(n 1652)
[ n 15895 ]
Participants with
incomplete or .
unreliable retinol kK
intake were excluded
(n2739) 4
[ n 13156 ]
Participants who were
pregnant were excluded
(n 149)
A4
[ n 13007 ]
»| Participants with extreme
energy intake were
v excluded (n 138)
[ n 12869 ]

Fig. 1 Flow chart showing the population selection of the study. NHANES, National Health and Nutrition Examination Survey

variables were presented as participants (percentage).
x* tests and Student’s ¢ test were used to examine the
differences in percentages and means, respectively. We
also performed univariate and multivariate logistic regression
analyses to estimate OR (95 % CD of hyperuricaemia accord-
ing to quintiles of dietary retinol intake. The lowest quintile of
dietary intake was used as the reference. In the multivariate
logistic regression analysis, model 1 was adjusted for age
and gender and model 2 was adjusted for age, gender, race,
BMI (continuous), smoking status, drinking status, education
background, hypertension status, diabetes status, total energy
intake, vigorous activities, total cholesterol, vitamin C intake,
dietary fibre intake and Mg intake. The dose-response rela-
tionship was assessed using restricted cubic spline functions
with three knots located at the 5th, 50th and 95th percentiles
of the exposure distribution in the multivariate-adjusted
model 2. In addition, we calculated sex-specific quintiles
for the retinol intake; stratified analyses were performed
based on genders (men and women) to evaluate the asso-
ciation between retinol intake and hyperuricaemia. All
P values were two-sided, and P < 0-05 is considered sta-
tistically significant.
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Results

In 12 869 participants (47-85 % was men), the mean values
of age, BMI and retinol intake were 49-62 (sp 17-49) years,
2920 (sp 6:94) kg/m? and 618-18 (sD 543-59) mcg/d,
respectively. Serum uric acid level was 5-42mg/dl
(6-07 and 4-84 mg/dl in men and women, respectively).
The prevalence of hyperuricaemia was 19-35 % (22-32
and 16-67 % in men and women, respectively). The base-
line characteristics of the study population according
to hyperuricaemia status are presented in Table 1.
Compared with controls, participants with hyperuricae-
mia tended to be older, non-Hispanic black and smoke
at least 100 cigarettes in life and were more likely to
have hypertension, diabetes, higher BMI, total choles-
terol levels, lower total energy intake, vigorous activity
and retinol intake (all P values < 0-05). Additionally,
the characteristics of the study population according to
quintiles of retinol intake are shown in Appendix 1 in
supplementary material.

The weighted OR (95 % CD of hyperuricaemia based
on the quintiles of total, animal-derived and plant-derived
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Table 1 Characteristics of participants with or without hyperuricaemia, US adults aged >20 years, National Health and Nutrition Examination Survey (NHANES) 2009-2014+t
Total Male Female
Non-hyperuricaemia Hyperuricaemia Non-hyperuricaemia Hyperuricaemia Non-hyperuricaemia Hyperuricaemia
(n10257) (n2612) (n 4761) (n1397) (n 5496) (n1215)

Characteristics n % n % n % n % n % n %
Age (years) *

Mean 42.29 51.40 47-64 47.02 46-99 56-71

SD 16-34 17-91 16-54 17-09 16-17 17-37
Age (years) * *

20-44 4514 44.01 832 31-85 1971 41.40 584 41-80 2543 46-27 248 20-41

45-59 2669 26-02 616 23-58 1221 25-65 318 22.76 1448 26-35 298 24.53

60-74 2196 2141 743 28-45 1098 23.06 315 22.55 1098 19-98 428 35-23

>75 878 856 421 1612 471 9-89 180 12.88 407 741 241 19-84
Race * *

Mexican American 1545 15.06 244 9-34 724 15-21 155 1110 821 14.94 89 7-33

Other Hispanic 1054 10-28 183 7-01 442 9-28 102 7-30 612 1114 81 6-67

Non-Hispanic white 4607 44.92 1265 4843 2166 45.-49 673 4817 2441 44.41 592 48.72

Non-Hispanic black 1949 19-00 648 24.81 909 19-09 305 21-83 1040 18-:92 343 28-23

Other races 1102 10-74 272 10-41 520 10-92 162 11-60 582 10-59 110 9.05
Education background

<High School 921 898 234 8-96 445 9-35 122 873 476 866 112 9.22

High School 1404 13-69 380 14.55 685 14-39 192 1374 719 13-08 188 15-47

>High School 7919 77-21 1995 76-38 3627 76-18 1081 77-38 4292 78.09 914 75-23
Alcohol drinking status

Have at least 12 alcohol 7101 69-23 1809 69-26 3868 81-24 1148 82-18 3233 58.82 661 54.40

drinks/year

No 2535 24.71 680 26-03 697 14-64 188 13-46 1838 3344 492 40-49
Smoking status *

Smoked at least 100 4429 43.18 1231 4713 2513 52.78 720 51.54 1916 34.86 511 42.06

cigarettes in life

No 5824 56-78 1380 52.83 2246 4717 676 48-39 3578 65-10 704 57.94
Hypertension status * *

Yes 4579 44.64 1762 6746 2350 49-36 873 62-49 2229 40-56 889 7317

No 5678 55.36 850 32.54 2411 50-64 524 37-51 3267 59-44 326 26-83
Diabetes status *

Yes 673 6-56 303 11-60 383 8-04 132 945 290 528 171 14.07

No 9584 93-44 2309 8840 4378 91.96 126590-55 5206 (94-72) 1044 85-93
Vigorous activity * *

Yes 2283 22.26 420 16-08 1275 26-78 318 22.76 1008 18-:34 102 8-40

No 7974 77-74 2192 83.92 3486 73.22 1079 77-24 4488 81.66 1113 91-60
BMI (kg/m?) * *

Mean 28-15 32-45 2815 31-35 28-15 33-80

SD 6-31 7-68 5.56 6-45 6-86 8-80
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Table 1 Continued

Total Male Female
Non-hyperuricaemia Hyperuricaemia Non-hyperuricaemia Hyperuricaemia Non-hyperuricaemia Hyperuricaemia
(n10257) (n2612) (n4761) (n1397) (n 5496) (n1215)

Characteristics n % n % n % n % n % n %
Total energy intake *

(kcal/d)

Mean 2075-19 202255 2397-06 2310-41 1803-3 1673-17

sD 725-99 779-55 749-35 782-31 583.78 600-60
TC (mg/dl) *

Mean 191.75 197-59 188-19 195-16 194-83 200-38

SD 40-60 43.24 40-94 44.22 40.-05 41.92
Retinol intake *

(RAE, mcg/d)

Mean 665-92 599-90 720-69 623-24 619-66 571.57

SD 632-69 483.27 813-87 444.93 423.95 526-47
Vitamin C (mg/d) *

Mean 85.-00 76-50 90-18 80-37 80-62 71-80

sD 79-56 71-40 90-87 77-32 68-54 62-59
Total fibre intake (mg/d) *

Mean 17-81 15-88 19-63 1724 16-26 14.25

SD 919 858 10-24 9-32 7-89 716
Mg intake (mg/d) *

Mean 306-87 286-59 344.16 320-75 275.37 245.12

sD 128.62 121.88 142.74 131-39 106-14 91-41
Uric acid (mg/dl) *

Mean 4.95 7-42 5.57 7-79 4.42 6-96

SD 1.02 0-98 0-86 0-79 0-83 0-99

TC, total cholesterol; RAE, retinol activity equivalents.

tData are presented as mean and standard deviation for continuous variables or participants (percentage) for categorical variable.

3To convert keal into kd, multiply it by 4-184.
*P<0-05.
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Table 2 Weighted OR (95 % ClI) of hyperuricaemia across quintiles of retinol intake, National Health and Nutrition Examination Survey (NHANES) 2009-20141
Crude Model 1 Model 2
Weighted
Cases/participants  prevalence (%) OR 95% Cl OR 95% Cl OR 95 % ClI
Total retinol intake (RAE, mcg/d)
Q1 <283-50 614/2581 2359 1-00 (Ref.) 1-00 (Ref.) 1-00 (Ref.)
Q2 283.50, 436-00 525/2568 19-90 0-80* 066,098 0.77* 063,094 077" 0-62, 0-94
Q3 436-00, 601-00 542/2575 20-68 0-84* 071,099  0-79* 0-67,0-93 0-86 067, 1-10
Q4 601-00, 861-00 487/2574 17-59 0-69* 0-59, 0-81 0-61* 052,072  0-75* 0-58, 0-96
Q5 >861-00 444/2571 16-14 0-62* 051,075  0-54* 0-45,0-66  0-71* 0-52, 0-96
Animal-derived retinol intake (RAE, mcg/d)
Q1 <98-00 564/2583 20-88 1-00 (Ref.) 1-00 (Ref.) 1-00 (Ref.)
Q2 98-00, 168-00 543/2558 20-21 0-96 0-80,1-15  0.93 077, 1-11 0-96 079, 1-16
Q3 168-00, 249-50 525/2573 20-55 0-98 0-86, 1-11 0-90 079,103 092 0-79, 1-08
Q4 249-50, 371-50 478/2568 17.50 0-80* 068,095 0.73* 0-61,0-87 0-76* 0-62, 0-93
Q5 >371-50 495/2562 17-84 0-82¢ 0-69, 097  0-70* 0-60,0-83  0-76* 0-59, 0-96
Plant-derived retinol intake (RAE, mcg/d)
Q1 <102-50 613/2583 2344 1-00 Ref. 1.00 Ref. 1-00 Ref.
Q2 102-50, 202-00 530/2576 19-63 0-80* 0-67,0-94  0.79* 0-67,0-94  0-91 0-75, 1-11
Q3 202-00, 333-00 526/2567 19.92 0-81* 0-68,0-97  0-81* 068,096 097 077, 1.22
Q4 333.00, 544-50 493/2573 18-31 0-73* 061,087  0-70* 0-59,0-84  0-96 0.75, 1.23
Q5 >544-50 450/2570 16-45 0-64* 0-54,0-76  0-61* 0-52,0-72 092 072, 1-17

RAE, retinol activity equivalents.

tModel 1: adjusted for age, gender. Model 2: adjusted for age, gender, race/ethnicity, BMI, smoking status, drinking status, education background, hypertension status, diabetes status, total energy intake, vigorous activities, total cholesterol,
vitamin C intake, dietary fibre intake and Mg intake. Results are survey-weighted.

*P<0-05.

Table 3 Weighted OR (95 % ClI) of hyperuricaemia across quintiles of retinol, stratified by gender, National Health and Nutrition Examination Survey (NHANES) 2009-20141

Crude Model 1 Model 2
Weighted
Cases/participants prevalence (%) OR 95 % Cl OR 95 % Cl OR 95 % ClI
Retinol intake (RAE, mcg/d)
Men
Q1 <295-00 336/1232 27-60 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)
Q2 295.00, 454-00 289/1232 23-81 0-82 0-65, 1-03 0-82 0-65, 1-04 0-81 0-63, 1-02
Q3 454.00, 632-50 284/1232 23.54 0-81 0-64, 1-02 0-81 0-64, 1-03 0-82 0-59, 1-13
Q4 632-50, 907-60 253/1231 19-59 0-64* 0-51, 0-80 0-64* 0-51, 0-81 0-69* 0-50, 0-94
Q5 >907-60 235/1231 1879 0-61* 0-47, 0-78 0-61* 0-47, 0-79 0-68* 0-48, 0-95
Women
Q1 <272.70 266/1342 1928 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)
Q2 272.70, 418-00 260/1343 19-06 0-98 0-76, 1-28 0-95 0-73, 1-23 0-95 0-65, 1-38
Q3 418-00, 578-00 245/1345 16-56 0-83 0-63, 1-09 0.75* 0-57, 0-.97 0-75 0-50, 1-11
Q4 578.-00, 817-50 238/1343 16-24 0-81 0-63, 1-04 0-67* 0-52, 0-87 0-88 0-60, 1-30
Q5 >817-50 206/1338 1312 0-63* 0-50, 0-80 0-51* 0-40, 0-66 0-68 0-46, 1.01

RAE, retinol activity equivalents.

tModel 1: adjusted for age. Model 2: adjusted for age, race/ethnicity, BMI, smoking status, drinking status, education background, hypertension status, diabetes status, total energy intake, vigorous activities, total cholesterol, vitamin C intake,
dietary fibre intake and Mg intake. Results are survey-weighted.

*P<0-05.
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retinol intakes are shown in Table 2. In the univariate logis-
tic regression analyses, for the highest v. lowest quintiles,
intakes of total retinol (0-62, 95% CI 0-51, 0-75), animal-
derived retinol (0-82, 95 % CI 0-69, 0-97) and plant-derived
retinol (0-64, 95 % CI 0-54, 0-76) were all inversely associ-
ated with the risk of hyperuricaemia. After adjustment
for age and gender (model 1), the results remained
unchanged. After further adjustment for race, BMI, smoking
status, drinking status, education background, hyperten-
sion status, diabetes status, total energy intake, vigorous
activities, total cholesterol, vitamin C intake, dietary fibre
intake and Mg intake (model 2), the OR of quintile 5 of
intake of total, animal-derived and plant-derived retinol
were 0-71 (95% CI 0-52, 0-96), 0-76 (95% CI 0-59, 0-96)
and 0-92 (95% CI 0-72, 1-17), respectively. The associa-
tion between retinol intake and hyperuricaemia in strati-
fied analyses by gender is shown in Table 3. For the
highest v. lowest quintiles, the OR (95 % CD of hyperur-
icaemia were 0-61 (95 % CI 0-47, 0-78) for men and 0-63
(95 % CI 0-50, 0-80) for women. After adjustment for age
(model 1), the OR (95 % CD) of hyperuricaemia were 0-61
(95 % CL 0-47, 0-79) for men and 0-51 (95 % CI 0-40, 0-66)
for women. After further adjustment for multiple covari-
ates (model 2), the OR (95 % CD of hyperuricaemia were
0-68 (95 % CI 0-48, 0-95) for men and 0-68 (95 % CI 0-46,
1.01) for women. After excluding participants with
hypertension or diabetes, a total of 5871 individuals were
included in the final analysis. We re-assessed the association
between retinol intake and hyperuricaemia; the association

12
141
1:0
09
0-8
07
0-6
05
0-4
0-3
0-2

Multivariate-adjusted OR of hyperuricaemia

01

0-0
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remained unchanged after further adjustment for multiple
covariates (Appendix 2 in supplementary material).

The results of the dose-response relationship analysis
between dietary retinol intake and risk of hyperuricae-
mia are shown in Figs 2 and 3. Using the restricted cubic
spline model, a linear negative association between total
dietary retinol intake and hyperuricaemia was found
(Pror nonlinearity = 0-235). As the total dietary retinol intake
increased, the OR of hyperuricaemia decreased. Dietary
total retinol intake showed significant inverse associa-
tion with the odds of hyperuricaemia when the intake
of total retinol reached 115 mcg/d (OR 0-97, 95% CI
0-94, 0-99). Similarly, animal-derived retinol intake also
had a liner negative association with hyperuricaemia
when the intake of animal-derived retinol reached
187 mcg/d (OR 0-83, 95 % CI 0-70, 0-99).

Discussion

In this national representative population study, total ret-
inol intake was inversely associated with the risk of
hyperuricaemia in both genders of the US adult popu-
lation. After adjustment for multiple covariates (age,
gender, race/ethnicity, BMI, smoking status, et al.), the
association remained significant in men. Interestingly,
we found a linear trend towards intake of animal-derived
retinol and the risk of hyperuricaemia.

Several studies have examined the association between
retinol intake and hyperuricaemia. Similar to our results, a

T T T
0 200 400 600

T
800

T T T T T T
1000 1200 1400 1600 1800 2000

Total dietary retinol intake (RAE mcg/d)

Fig. 2 Linear dose—response relationship between retinol intake and hyperuricaemia, Pror nonlinearity = 0-235. The lowest intake level
(67 mcg/d) was used as the reference group. Adjusted for age, gender, race/ethnicity, BMI, smoking status, drinking status, education
background, hypertension status, diabetes status, total energy intake, vigorous activities, total cholesterol, vitamin C intake, dietary
fibre intake and Mg intake. The solid line and dashed line represent the estimated OR and its 95 % ClI, respectively. RAE, retinol

activity equivalents
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Korean study revealed that patients with hyperuricaemia
had a lower intake of retinol than controls®”. Additionally, a
cross-sectional study conducted in two Caucasian cohorts
proposed that retinol intake was positively associated with
the risk of hyperuricaemia for women without abdominal
obesity among Australian subjects, whereas even no corre-
lation was observed among Norwegian subjects®?. In a
cross-sectional survey in Taiwan, retinol intake was not sig-
nificantly associated with hyperuricaemia. Several factors
may account for the inconsistent results. First, the partici-
pants in our analysis were adults aged >20 years, and preg-
nant women were excluded, whereas the subjects in the
Taiwan study were aged 4-96 years. Second, based on a
previous study®?, there was significant difference in retinol
intakes when calculated by a semi-quantitative FFQ com-
pared with two 24-h diet recall survey. Retinol intakes were
calculated using a semi-quantitative FFQ in the above
Caucasian studies, whereas 24-h dietary recall interviews
were used in our study. Finally, ethnic background and
differences in dietary patterns might also contribute to
the inconsistent results. Moreover, a previous cross-
sectional study proposed that serum retinol level was pos-
itively associated with the risk of hyperuricaemia in the
Third NHANES®?, Further studies are needed to clarify
the differences.

The biological mechanism underlying the association
between retinol intake and hyperuricaemia remains poorly
understood. The underlying mechanism could be that
retinol intake modulates serum uric acid via antioxidant
and anti-inflammatory mechanism. Uric acid may
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Fig. 3 Linear dose—response relationship between animal-derived retinol intake and risk of hyperuricaemia, Pior nonlinearity = 0-510.
The lowest intake level (7 mcg/d) was used as the reference group. Adjusted for age, gender, race/ethnicity, BMI, smoking status,
drinking status, education background, hypertension status, diabetes status, total energy intake, vigorous activities, total cholesterol,
vitamin C intake, dietary fibre intake and Mg intake. The solid line and dashed line represent the estimated OR and its 95 % CI. RAE,

function as a pro-oxidant in hyperuricaemia, despite act-
ing as an antioxidant under physiological conditions®>.
Retinol has well-established antioxidant properties
and has the potential to retard the oxidative process®”.
Several studies suggested that hyperuricaemia was posi-
tively associated with serum C-reactive protein, inflamma-
tory cytokines IL-6 and TNF-« levels, which were generally
viewed as biomarkers of inflammation®3®. The reversed
relationship was also reported between retinol status and
inflammatory response®-#?. In a cross-sectional study,
retinol-rich foods significantly reduced inflammation in
peritoneal dialysis patients“?. Therefore, retinol intake
reduced oxidative stress and inflammatory response
and further decreased uric acid synthesis, thereby pro-
viding a potential mechanism for retinol to reduce the
risk of hyperuricaemia™?.

In our study, intake of animal-derived retinol was
inversely associated with hyperuricaemia among US adults.
Currently, available studies on the associations between
different sources of dietary retinol intake and hyperuricae-
mia are very limited. Therefore, the underlying mechanism
remains undetermined. A possible explanation may be that
the absorption of retinol from animal sources is relatively
more effective and not affected by food substrate*®, while
the bioavailability of retinol from plant sources is greatly
affected by food substrate®7_ Additional research is
needed to elucidate the relationship between animal-
derived retinol intake and the risk of hyperuricaemia.

Our study has several strengths. First, the large nation-
ally representative sample increased the statistical power
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for assessing the relationship between retinol intake and
the risk of hyperuricaemia. Second, we explored the
dose-response relationship of retinol intake with the risk
of hyperuricaemia. Finally, the association between various
sources of dietary retinol intake and hyperuricaemia was
examined for the first time.

Notably, our study also has some limitations. First,
because of the cross-sectional study design, addressing
the causal interpretations of the relationship between
retinol intake and risk of hyperuricaemia is unfeasible
and thus adds only limited information to the overall
question how dietary retinol is associated with hyperur-
icaemia. Simultaneously, dietary retinol intake was cal-
culated by two 24-h diet recall survey, which may not
have accurately reflected an individual’s usual dietary
intake. In addition, we could not exclude the possibility
of residual confusion owing to unmeasured confounding
factors.

Conclusion

Intakes of total and animal-derived retinol were inversely
associated with hyperuricaemia among US adults. Further-
more, large prospective cohort studies need to be performed
to support our findings.
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