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Abstract

Objectives: The association between habitual glucosamine use and incident gout has not been examined in previ-
ous studies. We aimed to evaluate the association of habitual use of glucosamine with the risk of gout in general
population.

Methods: A total of 436,594 participants (55.4% female) without prior gout at baseline who completed a question-
naire on supplementation use, which included glucosamine, in the UK Biobank were enrolled. Incident gout was
recorded from self-report, death register, primary care, and hospital admission data.

Results: At baseline, 53,433 (22.1%) females and 30,685 (15.8%) males reported habitual glucosamine use. During a
median follow-up period of 12.1 years, 1718 (0.7%) females and 5685 (2.9%) males developed gout. After multivariable
adjustment for major risk factors, glucosamine use was associated with a significantly lower risk of incident gout in
females (hazard ratio [HR], 0.81, 95% confidence interval [Cl], 0.71-0.92), but not in males (HR, 1.05, 95% Cl, 0.97-1.13),
compared with non-use (P-interaction <0.001). Among females, the inverse association between glucosamine use
and gout was stronger in participants with diuretics use (HR, 0.64, 95% Cl, 0.50-0.81) than those without diuretics use
(HR, 0.89, 95% Cl, 0.77-1.03) (P-interaction =0.015). Moreover, gout genetic risk scores did not significantly modify

the association between glucosamine use and the risk of incident gout in males (P-interaction =0.548) or females
(P-interaction=0.183).

Conclusions: Habitual glucosamine use to relieve osteoarthritis pain was related to lower risk of gout in females, but
not in males.

Highlights

1. Glucosamine use was associated with lower risk of incident gout in females.
2. The inverse association between glucosamine use and gout was stronger in females with diuretics use.
3. Gout genetic risk scores did not significantly modify the association.
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Introduction

Gout, an inflammatory crystal-induced arthritis caused
by the deposition of monosodium urate crystals in artic-
ular and non-articular structures, affects approximately
41.2 million adults worldwide [1, 2]. The effects of gout
include not only acute pain, functional disability, and
permanent joint damage, but also significant long-term
illness and costs [3, 4]. Due to the increasing prevalence
and incidence of gout, as well as the suboptimal man-
agement of gout in many countries [5], identifying more
effective, safe and economical primary prevention meas-
ures has important clinical value.

Glucosamine is a popular non-vitamin, non-mineral
dietary supplement widely used to relieve osteoarthritis
and joint pain [6, 7], with a high safety profile, and has
recently garnered interest for their potential anti-inflam-
matory effects [7]. Inflammation plays an essential role in
gout [8]. Accordingly, a recent study found that the IL-1p
inhibitor canakinumab administration was associated
with significantly reduced risk for gout attacks in patients
with a prior myocardial infarction [9]. Therefore, given
the anti-inflammatory properties of glucosamine, we
hypothesized that habitual glucosamine use may be also
related to decreased gout risk. However, no studies have
analyzed the association between habitual glucosamine
use and incident gout in prospective cohorts.

To address these aforementioned gaps in knowledge,
the present study aimed to evaluate the association of
habitual use of glucosamine with the risk of gout in gen-
eral population, using population-based cohort data from
nearly half a million adults in the UK Biobank study. We
also assessed the joint association of glucosamine use and
genetic susceptibility with the risk of gout.

Methods

Data source and study population

The UK Biobank is a large prospective, observational,
population-based cohort of half a million adult resi-
dents of the United Kingdom, aged 37-73 years, from
22 assessment centers across England, Wales, and Scot-
land between 2006 and 2010. Participants were asked to
complete a touch screen questionnaire, a face-to-face
interview and a series of physical measurements, as well
as provide biological samples for laboratory analysis.
The details of the study design have been described pre-
viously [10, 11]. The UK Biobank was approved by the
North West Research Ethics Committee (06/MRE08/65)
and all participants signed an informed consent.

In this study, we restricted our analysis to participants
who had complete information on the use of glucosamine
and were free of gout (n=484,720). We also excluded
participants with unavailable genetic data and data on
the important covariates (n=48,126). Therefore, a total
of 436,594 participants were enrolled in the present anal-
ysis (Additional file 1: Fig. S1).

Ascertainment of exposure and covariates

At baseline, habitual glucosamine information was col-
lected through a touch-screen questionnaire. Participants
were asked, “Do you regularly take any of the following?”
and could select their answer from a list of supplemen-
tations, including vitamin, mineral, fish oil and glucosa-
mine. From this information, regular use of glucosamine
was defined as “1 =yes” and “0=no".

Detailed information on covariates was available
through standardized questionnaires, including age, sex,
race, Townsend Deprivation Index (TDI), smoking sta-
tus, alcohol consumption, comorbidities (hypertension,
diabetes, high cholesterol, osteoarthritis, rheumatoid
arthritis, and joint pain), and drug use (cholesterol lower-
ing medication, anti-hypertensive drug, insulin, aspirin,
ibuprofen, paracetamol, and diuretics). Body mass index
(BMI) (kg/m?) was calculated based on measured weight
and height. Prevalent diabetes at baseline was identified
through multiple procedures considering type of dia-
betes and sources of the diagnosis [12]. A healthy diet
score was evaluated using a more recent dietary recom-
mendation for cardiovascular health, which considered
adequate consumption of fruit, vegetables, whole grains,
fish, shellfish, dairy products, and vegetable oils and
reduced consumption of refined grains, processed meats,
unprocessed meats, and sugar sweetened beverages, and
a healthy diet was defined as meeting at least five items
of the recommendations [13]. In addition, biochemistry
measures were performed at a dedicated central labora-
tory, including creatinine, urate and C-reactive protein
(CRP). Estimated glomerular filtration rate (eGFR) was
calculated by Chronic Kidney Disease—Epidemiology
Collaboration equation (CKD-EPI) using serum creati-
nine [14].

Definition of genetic risk score

Detailed information about genotyping and quality
control in the UK Biobank study has been described
previously [15]. We selected 13 single nucleotide poly-
morphisms (SNPs) which showed independently sig-
nificant genome-wide association with gout in recent
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published genome-wide associations studies (Additional
file 1: Table S1) [16]. Genetic risk score (GRS) was cal-
culated using a weighted method [17] and a higher score
indicates a higher genetic predisposition to gout, and
participants were divided into low, intermediate, or high
genetic risk for gout according to the tertiles of GRS.

Ascertainment of outcomes

The primary outcome of the study was the incidence of
gout, and gout diagnosis was extracted from “first occur-
rence of health outcomes defined by a 3-character Inter-
national Statistical Classification of Diseases and Related
Health Problems 10th Revision code (M10)” based on
self-report or linkage to death register and/or primary
care and/or hospital admission data. The follow-up per-
son-time for each participant was calculated from the
date of first assessment until the date of death, first date
of outcome diagnosis, date of lose to follow-up, or end of
follow-up, whichever came first.

Statistical analysis

Population characteristics are presented as mean =+ stand-
ard deviation (SD) for continuous variables and pro-
portions for categorical variables. Comparisons of
characteristics according to glucosamine use (yes or no)
by sex were performed by chi-square tests for categorical
variables and ¢ tests for continuous variables.

Cox proportional hazards models were used to esti-
mate hazard ratio (HR) and 95% confidence interval (CI)
of gout for habitual glucosamine use (yes vs. no). The
proportional hazard assumption was evaluated by the
interaction between exposures and follow-up time and
no violation of this assumption was detected. In multi-
variable models, potential confounders that were known
to be traditional or suspected risk factors for gout were
adjusted for, including age, sex, race, TDI, BMI, smoking
status, alcohol consumption, healthy diet score, vitamin
or mineral supplementation, fish oil supplementation,
comorbidities (hypertension, diabetes, high cholesterol,
osteoarthritis, rheumatoid arthritis, and joint pain), drug
uses (cholesterol lowering medication, anti-hypertensive
drug, insulin, aspirin, ibuprofen, paracetamol, and diuret-
ics), eGFR, and urate. To control the potential influence
of genetic predisposition to gout, we further adjusted for
gout GRS, as well as estimated the joint association of
glucosamine use and gout GRS with the risk of incident
gout using glucosamine non-users with low genetic risk
as reference.

Stratified analysis was conducted to assess poten-
tial modification effects of glucosamine use according
to age (<60 or>60 years), BMI (<30 or>30 1<g/m2),
smoking status (never or ever), alcohol consumption
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(<1 or>1 times/week), health diet (yes or no), supple-
mentation use (yes or no), diabetes (yes or no), hyper-
tension (yes or no), diuretics use (yes or no), aspirin use
(yes or no), paracetamol or ibuprofen use (yes or no),
and CRP (tertiles). Potential modifying effects were
assessed by modelling the cross product term of the
stratifying variable with glucosamine use.

A two-tailed P<0.05 was considered to be statistically
significant in all analyses. Analyses were performed
using R 4.1.1 software (http://www.R-project.org/).

Results

Study participants and baseline characteristics

Among 436,594 participants in the current study,
242,009 (55.4%) were females, with a mean age of
56.5 years. Overall, 53,433 (22.1%) females and 30,685
(15.8%) males reported habitual glucosamine supple-
mentation at baseline.

As shown in Table 1, compared with nonusers, glu-
cosamine users were older, more likely to be White,
non-current smokers, dietary supplementation users,
and tended to have lower TDI, higher alcohol intake
and healthy diet, higher prevalence of high choles-
terol, osteoarthritis and joint pain, but a lower preva-
lence of diabetes, as well as more likely to take aspirin,
ibuprofen, and paracetamol. In addition, glucosamine
users tended to have higher prevalence of hypertension
and more likely to take antihypertensive drugs among
females, while glucosamine users tended to have lower
prevalence of hypertension and less likely to take anti-
hypertensive drugs among males.

Association between glucosamine use and risk of incident
gout

During a median follow-up period of 12.1 vyears
(5,124,432 person-years), a total of 7403 (1.7%) partici-
pants, including 1718 (0.7%) females and 5685 (2.9%)
males, developed gout.

After adjustment for important covariates including
socioeconomic and behavioral factors, comorbidities,
and drug uses, glucosamine use was associated with
lower risks of gout in all participants (HR, 0.87, 95% CI,
0.81-0.93), females (HR, 0.75, 95% CI, 0.66—0.85), and
males (HR, 0.92, 95% CI, 0.85-0.99) (Table 2). However,
when further adjusted for eGFR and urate, the associa-
tion only persisted in females (HR, 0.81, 95% CI, 0.71-
0.92), but not in males (HR, 1.05, 95% CI, 0.97-1.13)
(P-interaction <0.001). Further adjustment for gout
GRS did not materially change the magnitude and the
significance (Table 2).
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Table 1 Baseline population characteristics according to glucosamine use

Females

Males

Glucosamine non-users Glucosamine users P value

Glucosamine non-users Glucosamine users P value

N 188,576 53433
Age, years 556+8.1 59.1+68
White, No. (%) 178,685 (94.8) 51,366 (96.1)
Townsend Deprivation Index — 13431 — 184238
Body mass index, kg/m? 270452 270449
Smoking status, No. (%)
Never 112,451 (59.6) 31,753 (59.4)
Former 57,705 (30.6) 18,682 (35.0)
Current 18,420 (9.8) 2998 (5.6)
Alcohol consumption, times/
week
<1 72,232 (383) 17,561 (32.9)
1-2 48,838 (25.9) 13,712 (25.7)
3-4 38,116 (20.2) 12,086 (22.6)
>4 29,390 (15.6) 10,074 (18.9)
Healthy diet, No. (%) 52,379 (27.8) 17,976 (33.6)
Vitamin and mineral supple- 63,844 (33.9) 33,385 (62.5)
mentation, No. (%)
Qily fish supplementation, No. 46,324 (24.6) 33,114 (62.0)
(%)
Disease history, No. (%)
Diabetes 6777 (3.6) 1332 (2.5
Hypertension 43,183 (22.9) 12,660 (23.7)
High cholesterol 17,959 (9.5) 5537 (104)
Osteoarthritis 13,450 (7.1) 10,028 (18.8)
Rheumatoid arthritis 2652 (1.4) 774 (1.4)
Joint pain 550 (0.3) 344 (0.6)
Drugs use, No. (%)
Antihypertensive 32,608 (17.3) 9533(17.8)
Cholesterol-lowering 23,446 (12.4) 6969 (13.0)
Insulin 1640 (O 9) 266 (0.5)
Aspirin 47 (9.6) 5774 (10.8)
Ibuprofen 74 (16.5) 10,834 (20.3)
Paracetamol 49,286 (26.1) 14,972 (28.0)
Diuretics 13,377 (7.1) 4090 (7.7)
Estimated glomerular filtration  91.54+13.6 89.5+124
rate, mL/min/1.73 m?
Urate, umol/L 2703 +66.2 7151642

163,900 30,685
<0.001 562483 589+£75 <0.001
<0.001 155,205 (94.7) 29,721 (96.9) <0.001
<0001 —12+£32 —19£28 <0.001
0.659 27.7+42 27739 0.609
<0.001 <0.001

81,245 (49.6) 14,921 (48.6)

60,918 (37.2) 13,344 (43.5)

21,737 (13.3) 2420 (7.9)
<0.001 <0.001

38,058 (23.2) 5497 (17.9)

43,131 (26.3) 7605 (24.8)

42,314 (25.8) 8870 (28.9)

40,397 (24.6) 8713 (284)
<0.001 31,650(19.3) 7749 (25.3) <0.001
<0.001 38,187 (23.3) 17,238 (56.2) <0.001
<0.001 38,154 (23.3) 19,864 (64.7) <0.001
<0.001 11,155 (6.8) 1481 (4.8) <0.001
<0.001 47,857 (29.2) 8667 (28.2) <0.001
<0.001 23,947 (14.6) 4628 (15.1) 0.032
<0.001 7503 (4.6) 59 (13.6) <0.001
0.466 1123(0.7) 264 (0.9) <0.001
<0.001 426(0.3) 197 (0.6) <0.001
0.003 38,903 (23.7) 6879 (22.4) <0.001
<0.001 36,307 (22.2) 6834 (22.3) 0.644
<0.001 2434(1.5) 299 (1.0) <0.001
<0.001 30,099 (184) 5945 (19.4) <0.001
<0.001 18,075(11.0) 3(16.7) <0.001
<0.001 27,481 (16.8) 5585( 2) <0.001
<0.001 10,900 (6.7) 1942 (6.3) 0.037
<0001 91.1£133 89.7+£120 <0.001
<0.001 3532470 349.9466.5 <0.001

Values are presented as means =4 SD or proportions

Joint association of glucosamine use and gout GRS
with the risk of incident gout
In the joint analysis, as expected, higher gout GRS was
significantly associated with higher risk of incident gout
(Fig. 1).

However, gout GRS did not significantly modify
the association between glucosamine use and the risk

of incident gout in males (P-interaction=0.548) or
females (P-interaction=0.183). Therefore, among
females, glucosamine non-users with a high genetic
risk had the highest risk of gout (HR, 1.29, 95% CI,
1.13-1.48), compared with glucosamine non-user with
a low genetic risk (Fig. 1).
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Table 2 Relationship of glucosamine uses with risk of incident gout

Total population Females Males

Glucosamine Glucosamine users Glucosamine Glucosamine users Glucosamine Glucosamine users

non-users non-users non-users
Total 352476 84,118 188,576 53433 163,900 30,685

No of events 6156 1247 1375 343 4781 904

Incidence rates* 1.5 1.3 0.6 0.5 2.5 2.5

Crude model ref 0.84(0.79, 0.90) ref 0.88(0.78,0.99) ref 1.01(0.94, 1.08)
Adjusted model 1t ref 0.87(0.81,0.93) ref 0.75(0.66, 0.85) ref 0.92(0.85,0.99)
Adjusted model 2 ref 0.97(0.91,1.04) ref 0.81(0.71,0.92) ref 1.05(0.97,1.13)
Adjusted model 3t ref 0.97(0.91, 1.04) ref 0.81(0.71,0.92) ref 1.05(0.97,1.13)

* Incidence rates per 1000 person years

* Adjusted Model 1: adjusted for age, sex (only for total population), race, Townsend Deprivation Index, body mass index, smoking status, alcohol consumption,
healthy diet score, vitamin or mineral supplementation, fish oil supplementation, comorbidities (hypertension, diabetes, high cholesterol, osteoarthritis, rheumatoid
arthritis, and joint pain), and drug use (cholesterol lowering medication, anti-hypertensive drug, insulin, aspirin, ibuprofen, paracetamol, and diuretics); adjusted
model 2: adjusted for the covariates in Model 1 and further adjusted for estimated glomerular filtration rate and urate; adjusted model 3: adjusted for the covariates in
Model 2 and further adjusted for gout genetic risk score

Events/Total HR (95%Cl) P-interaction
Females
Gout genetic risk 0.183
Low
Glucosamine non-users 334/62448 1.00(Reference) I
Glucosamine users 102/18054 0.97(0.77, 1.21)
Intermediate
Glucosamine non-users 443/62921 1.08(0.94, 1.25) -
Glucosamine users 109/17849 0.87(0.70, 1.08) ——
High
Glucosamine non-users 598/63207 1.29(1.13, 1.48) —a—
Glucosamine users 132/17530 0.95(0.77, 1.17) —
Males
Gout genetic risk 0.548
Low
Glucosamine non-users 1184/54532 1.00(Reference) [ ]
Glucosamine users 209/10269 0.98(0.84, 1.14) —a—
Intermediate
Glucosamine non-users 1546/54676 1.10(1.02, 1.19) -
Glucosamine users 292/10207 1.14(1.00, 1.30) — -
High
Glucosamine non-users 2051/54692 1.26(1.17, 1.36) ——
Glucosamine users 403/10209 1.37(1.22, 1.54) —a—
Of6 018 1 1.‘2 1!4 1.‘6
Fig. 1 Joint association of glucosamine use and genetic risk in relation to risk of gout. Adjusted for age, sex (only for total population), race,
Townsend Deprivation Index, body mass index, smoking status, alcohol consumption, healthy diet score, vitamin or mineral supplementation,
fish oil supplementation, comorbidities (hypertension, diabetes, high cholesterol, osteoarthritis, rheumatoid arthritis, and joint pain), drug use
(cholesterol lowering medication, anti-hypertensive drug, insulin, aspirin, ibuprofen, paracetamol, and diuretics), estimated glomerular filtration rate
and urate

Stratified analyses Among females, the inverse association was stronger
Stratified analyses were separately performed by sex to  with diuretics uses (P-interaction=0.015; Fig. 2). No
further assess the relation of regular glucosamine sup-  other significant variables, including age, BMI, smoking
plementations with the risk of incident gout in various status, alcohol consumption, health diet, supplementa-
subgroups (Fig. 2). tion use, diabetes, hypertension, diuretics use, aspirin
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Glucosamine Glucosamine
Subgroup non-users users HR (95%Cl) P-interaction
Events/Total Events/Total
Age, years 0.875
<60 492/116679 89/23743 0.81(0.64,1.02) —
260 883/71897 254/29690 0.83(0.71,0.96) —a—
Body mass index, kg/m”2 0.118
<30 621/144602 180/41446 0.89(0.75,1.06) ——
230 754/43974 163/11987 0.74(0.62,0.88) ——
Smoking status 0.827
Never 696/112451 174/31753 0.82(0.69,0.97) ——
Ever 679/76125 169/21680 0.80(0.67,0.95) —a—
Alcohol consumption, times/week 0.467
<1 668/72232 136/17561 0.77(0.63,0.93) —a—
21 707/116344 207/35872 0.84(0.71,0.99) ——
Health diet 0.272
No 1057/136197 239/35457 0.78(0.67,0.90) —a—
Yes 318/52379 104/17976 0.90(0.72,1.13) ——
Supplementation use 0.753
No 771/107090 66/9259 0.84(0.65,1.08) -
Yes 604/81486 277144174 0.80(0.69,0.92) —a—
Diabetes 0.192
No 1184/181799 316/52101 0.83(0.73,0.95) ——
Yes 191/6777 27/1332 0.63(0.42,0.95) L —
Hypertension 0.108
No 564/145393 165/40773 0.90(0.75,1.08) —
Yes 811/43183 178/12660 0.74(0.63,0.88) —a—
Diuretics use 0.015
No 908/175199 260/49343 0.89(0.77,1.03) ——
Yes 467/13377 83/4090 0.64(0.50,0.81) ——
Aspirin use 0.942
No 1045/170429 263/47659 0.81(0.70,0.94) —a—
Yes 330/18147 80/5774 0.80(0.63,1.03) ——
Paracetamol or Ibuprofen use 0.754
No 813/123438 187/32801 0.82(0.69,0.97) ——
Yes 562/65138 156/20632 0.79(0.66,0.95) —a—
C-reactive protein,mg/L 0.918
<0.84 162/62511 49/17412 0.86(0.63,1.19) —
0.84-<2.23 370/62516 95/18564 0.80(0.63,1.00) ——
2223 839/63165 199/17351 0.82(0.70,0.96) —a—
0.40 0.60 0.80 1.:‘2
Fig. 2 Association of glucosamine use and the risk of gout stratified by potential risk factors in females. Results were adjusted for age, race,
Townsend Deprivation Index, body mass index, smoking status, alcohol consumption, healthy diet score, vitamin or mineral supplementation,
fish oil supplementation, comorbidities (hypertension, diabetes, high cholesterol, osteoarthritis, rheumatoid arthritis, and joint pain), drug use
(cholesterol lowering medication, anti-hypertensive drug, insulin, aspirin, ibuprofen, paracetamol, and diuretics), estimated glomerular filtration rate
and urate, if not already stratified

use, paracetamol or ibuprofen use, and CRP showed sig-
nificant effect modifications on the association of glu-
cosamine use with gout incidence in females (all P for
interaction > 0.05; Fig. 2). Notably, none of the above var-
iables significantly modified the association between glu-
cosamine use and the risk of incident gout in males (all P
for interaction > 0.05; Additional file 1: Fig. S2).

Discussion

In this large population-based cohort of individuals,
habitual glucosamine use was associated with a signifi-
cantly lower risk of incident gout in females but not in
males, independent of traditional risk factors and genetic
risk factors. Furthermore, the protective associations of

glucosamine use with gout risk appeared to be somewhat
stronger in females who took diuretics medications.

To the best of our knowledge, the current study is the
first one to explore the association of regular glucosamine
use with risk of incident gout in a prospective cohort.
Based on the UK Biobank cohort, several previous stud-
ies have demonstrated that habitual use of glucosamine
was associated with lower risk of 17% for incident type 2
diabetes, 15% for cardiovascular disease events, 20% for
chronic obstructive pulmonary disease, 15% for all-cause
mortality, 18% for mortality from cardiovascular disease,
6% for mortality from cancer, and 27% for mortality from
respiratory mortality [18-21]. Consistently, our study
first observed 19% lower risk of gout associated with
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glucosamine use in females. In addition, although the
interaction was not statistically significant, the reduced
risk with glucosamine appeared to be more pronounced
in women with a higher genetic risk.

The precise biological mechanisms underlying the
inverse association between glucosamine use and risk of
gout in females is not fully understood. Evidences from
previous studies have shown that glucosamine has anti-
inflammatory properties [22, 23]. Given the detrimen-
tal roles of inflammation in the development of gout,
we assumed that glucosamine supplementation might
reduce the gout risk partly through the anti-inflammatory
effect. Interestingly, our findings showed that females are
more likely to benefit from glucosamine in terms of risk
of gout, which may be partly explained by the sex differ-
ences in inflammation. For example, estrogen can either
promote inflammation by enhancing Thl and/or Th17
responses though transcriptional activation of NFkB or
suppress the expression of cyclooxygenase-2 [24, 25],
while glucosamine could oppose NFxB activation via
O-GlcNAcylation of the anti-inflammatory protein A20
and decrease the production of inflammatory cytokines
related to NF-kB activation [22, 26, 27]. In addition, glu-
cosamine could mediate alternative macrophage activa-
tion in vivo and the production of leukotriene B(4) [28].
Previous evidence that androgens suppress leukotriene
biosynthesis along with lower leukotriene production in
males [25] suggested that anti-leukotriene therapy might
be more relevant and effective for females, which was
consistent with our findings that sex modified the inverse
association between glucosamine use and gout. However,
other mechanisms may be also involved and needed to be
further examined.

Of note, diuretics are the well-known medications to
be associated with gout, since diuretics could raise serum
uric acid levels by increasing uric acid reabsorption and
decreasing uric acid secretion in the kidneys. In our
study, we observed a stronger inverse association of regu-
lar glucosamine use with risk of gout in participants with
the usage of diuretics in females. It’s biologically plausible
considering that glucosamine could disrupt monosodium
urate crystals-induced activation of the NLRP3 inflam-
masome by reducing mitochondrial reactive oxygen spe-
cies generation inhibiting NLRP3 binding to PKR, NEK7
and ASC [1, 27, 29]. Taken together, glucosamine seems
promising as a recommended protective agent for pre-
vention of gout, especially for females taking diuretics.

The main advantages of this study include a large-scale
population-based prospective study design with a long
follow-up period, which shows the effectiveness of glu-
cosamine supplementation in the real-life environment.
However, several potential limitations should also be
considered. First, it is difficult to distinguish the effects of
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a healthy lifestyle from habitual glucosamine use in this
observational study. Although we carefully controlled
for potential confounding factors and performed strati-
fied analysis, the observed inverse associations might
be driven by unmeasured or unknown health-related
factors. Second, the lack of detailed information on the
use of glucosamine supplementation, such as the dose,
formulation (glucosamine sulfate, glucosamine hydro-
chloride, N-acetyl glucosamine), frequency and duration,
precluded us from assessing the dose—response relation-
ships of glucosamine supplementation and the appropri-
ate duration of supplementation. Third, the participants
were predominantly of European descent and healthier
than the UK general population, which may limit gen-
eralizability of the findings to other populations. Owing
to these limitations, further confirmation of the reported
findings in future studies is necessary.

Perspectives and significance

This large-scale prospective study found that glucosa-
mine might be more relevant and effective for females
and seems promising as a recommended protective agent
for prevention of gout in female, but not in males, espe-
cially for those taking diuretics. Therefore, further clini-
cal trials are needed to explore the effect of glucosamine
supplementation on the occurrence of gout in females
and encourage researchers to dissect the molecular
mechanisms involved.

Conclusions

In conclusion, this large-scale prospective study showed
that regular glucosamine use is inversely associated with
incident gout and the inverse association was modified
by sex and diuretics use. These findings provide support
that glucosamine may act as a potential supplementation
for preventing gout in general population, and further
clinical trials are needed to test this hypothesis.
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