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AbsTrACT
Objectives To evaluate the associations of regular 
glucosamine use with all- cause and cause- specific 
mortality in a large prospective cohort.
Methods This population- based prospective cohort 
study included 495 077 women and men (mean (sd) 
age, 56.6 (8.1) years) from the UK Biobank study. 
participants were recruited from 2006 to 2010 and 
were followed up through 2018. We evaluated all- cause 
mortality and mortality due to cardiovascular disease 
(cVd), cancer, respiratory and digestive disease. HRs and 
95% cis for all- cause and cause- specific mortality were 
calculated using cox proportional hazards models with 
adjustment for potential confounding variables.
results at baseline, 19.1% of the participants reported 
regular use of glucosamine supplements. during a 
median follow- up of 8.9 years (iQR 8.3–9.7 years), 19 
882 all- cause deaths were recorded, including 3802 
cVd deaths, 8090 cancer deaths, 3380 respiratory 
disease deaths and 1061 digestive disease deaths. in 
multivariable adjusted analyses, the HRs associated 
with glucosamine use were 0.85 (95% ci 0.82 to 0.89) 
for all- cause mortality, 0.82 (95% ci 0.74 to 0.90) for 
cVd mortality, 0.94 (95% ci 0.88 to 0.99) for cancer 
mortality, 0.73 (95% ci 0.66 to 0.81) for respiratory 
mortality and 0.74 (95% ci 0.62 to 0.90) for digestive 
mortality. The inverse associations of glucosamine 
use with all- cause mortality seemed to be somewhat 
stronger among current than non- current smokers (p for 
interaction=0.00080).
Conclusions Regular glucosamine supplementation 
was associated with lower mortality due to all causes, 
cancer, cVd, respiratory and digestive diseases.

bACkgrOund
Glucosamine is a non- vitamin, non- mineral 
specialty supplement commonly used to manage 
osteoarthritis and join pain.1 2 In most European 
countries, it is an approved prescription drug for 
osteoarthritis; however, in other countries such as 
the USA and Australia, it falls under the Dietary 
Supplements Health and Education Act and is one 
of the most popular supplements.3 4

Although the effectiveness of glucosamine 
supplementation for osteoarthritis and joint pain 
remains controversial,1 5 several human, animal and 
laboratory studies have suggested that glucosamine 

may have anti- inflammatory properties,6–8 which 
could decrease the risk of multiple diseases.9–11 In 
this context, several recent epidemiological inves-
tigations indicated that glucosamine use might play 
a role in prevention of cancer,12–14 cardiovascular 
disease (CVD)15 and other diseases.16 17 Nonethe-
less, only a few studies15 18 19 have evaluated the 
associations between glucosamine use and mortality 
outcomes, especially for cause- specific mortality. 
Moreover, there is only limited evidence on how 

key messages

What is already known about this subject?
 ► Although several epidemiological investigations 
indicated that glucosamine use might play a 
role in prevention of cancer, cardiovascular 
disease (CVD), and other diseases, only a 
few studies have evaluated the associations 
between glucosamine use and mortality 
outcomes, especially for cause- specific 
mortality.

 ► In addition, there is limited evidence on how 
potential modifiable factors affect associations 
of glucosamine use with all- cause and cause- 
specific mortality.

What does this study add?
 ► Regular glucosamine use is associated with 
a lower risk for total mortality (15%), CVD 
mortality (18%), cancer mortality (6%), 
respiratory mortality (27%) and digestive 
mortality (26%).

 ► Furthermore, the protective associations of 
glucosamine use against all- cause mortality 
appeared to be somewhat stronger in current 
smokers than non- current smokers.

How might this impact on clinical practice or 
future developments?

 ► These findings indicate that regular 
glucosamine use may provide a benefit against 
mortality among the general population; further 
clinical trials and possibly pharmacological 
studies may increase our understanding of any 
potential benefit of glucosamine supplement 
use.
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potential modifiable factors affect associations of glucosamine 
use with all- cause and cause- specific mortality.18 For example, 
a recent study using data derived from the UK Biobank showed 
a weaker association of glucosamine use with CVD mortality 
in participants who were not current smokers compared with 
current smokers.15 However, the relatively small sample size in 
the previous analysis18 limited the ability to fully explore how 
associations with mortality due to all causes, cancer, respiratory 
and digestive disease vary with smoking status.

In this large- scale prospective cohort study of nearly half a 
million UK adults, we evaluated the association between regular 
glucosamine supplement use and mortality from all causes, CVD, 
cancer, respiratory disease and digestive disease. Furthermore, 
we analysed the potential effect modification by several other 
risk factors for all- cause and cause- specific mortality.

METHOds
study population
The UK Biobank is a very large, population- based prospective 
cohort study designed to improve the prevention, diagnosis and 
treatment of a wide range of diseases and to promote health 
throughout society.20 Details of the study design and population 
have been reported elsewhere.20 In brief, the UK Biobank recruited 
over 500 000 men and women aged 40–70 years between 2006 
and 2010 from across the UK. Participants provided detailed self- 
reported data via a touch screen questionnaire and a verbal inter-
view with trained nurses at the assessment centres at baseline, and 
a wide range of physical measurements were collected.

Exposure assessment
Participants attended 1 of 22 assessment centres across the UK 
where they completed a touch screen questionnaire. One of the 
questions asked, ‘Do you regularly take any of the following?’, 
and participants could select answers from a list of supplements 
that included glucosamine. From this information, we defined 
the regular use of glucosamine as ‘1=yes’ and ‘0=no’.

Ascertainment of deaths
The UK Biobank undertook comprehensive data linkage for 
mortality status. Information about date and cause of death was 
obtained from the Information Centre (for England and Wales) 
and the National Health Service Central Register Scotland (for 
Scotland).20 Further detailed information about the linkage 
procedure is available at http:// content. digital. nhs. uk/ services. 
The International Classification of Diseases, 10th Revision 
(ICD-10) codes were used to identify the causes of death. For 
this analysis, we measured all- cause mortality and mortality due 
to CVD (codes I00- I99), cancer (codes C00- C97), respiratory 
diseases (codes J09- J98) and digestive diseases (codes K20- K93). 
The participants were followed up from the date of recruit-
ment (between 2006 and 2010) to the date of death or the end 
of follow- up (14 February 2018 for England and Wales and 1 
January 2017 for Scotland), whichever occurred first.

COvAriATEs
The UK Biobank used a baseline touch screen questionnaire to 
assess several potential confounders: sociodemographic char-
acteristics (age, sex, ethnicity, Townsend Deprivation Index, 
education and average total annual household income), life-
style behaviours (smoking status, alcohol consumption, phys-
ical activity, body mass index (BMI) and vegetable and fruit 
consumption), health conditions (CVD (myocardial infarc-
tion, angina or stroke), respiratory disease (chronic obstructive 

pulmonary disease or emphysema), cancer, digestive disease 
(liver failure, cirrhosis or alcoholic liver disease), dementia, 
depression, longstanding illness, hypertension, diabetes and 
high cholesterol), drug use (chondroitin, aspirin and other 
non- steroidal anti- inflammatory drug (NSAID) use), vitamin 
supplementation (vitamin A, vitamin B, vitamin C, vitamin D, 
vitamin E, multivitamin and folic acid) and mineral and other 
dietary supplementation (calcium, iron, zinc, selenium and fish 
oil)). Education was coded as degree (college/university degree), 
or no degree, which was derived from the questionnaire. BMI 
was calculated by dividing a participant’s weight by the square 
of his or her height in metres (kg/m2). The Townsend Depri-
vation Index is a composite measure of deprivation based on 
non- home ownership, non- car ownership, unemployment and 
household overcrowding,21 which represents the participant’s 
socioeconomic status. According to WHO recommendations 
on physical activity for health,22 we categorised participants as 
<150 or ≥150 min/week, which was  based  on  total moderate 
physical activity minutes per week. Hypertension was defined 
as a self- reported history of hypertension, a systolic blood pres-
sure ≥140 mm Hg,  a diastolic  blood pressure ≥90 mm Hg or 
the report of antihypertensive drugs use. Arthritis defined by 
ICD-10 codes was obtained from hospital records, while the 
information on the other conditions was obtained by self- report 
with augmentation of these data using ICD-10 from hospital 
records. Further details of these measurements are available on 
the UK Biobank website ( www. ukbiobank. ac. uk).

statistical analysis
Baseline characteristics are presented as the mean (SD) for 
continuous variables and number (%) for categorical variables. 
To minimise the potential for inferential bias, we conducted 
multiple imputation with chained equations to deal with missing 
values,23 24 and five datasets were imputed. All variables used 
in the analyses were included in the imputation model. The 
interaction was included with a product of the two variables (ie, 
glucosamine use and smoking status) and computed after impu-
tation in the imputed file. Due to low proportions of missing 
data, we regard this way to handle interactions to work satisfac-
torily. Detailed information on the number of missing variables 
is shown in online supplementary table S1.

Cox proportional hazards models were performed to calcu-
late HRs and 95% CIs for associations of glucosamine use with 
risk of all- cause and cause- specific mortality. The models for 
mortality from CVD, respiratory disease, cancer or digestive 
disease excluded participants with a history of CVD, respiratory 
disease, cancer or digestive disease at baseline, respectively. For 
the analyses, we ran two models: the basic model (model 1) was 
adjusted for age and sex (women or men), and the fully adjusted 
model (model 2) was adjusted for the same factors as model 1 
and included ethnicity (white or others), education (degree or no 
degree), household income (<£18 000, £18 000–£30 999, £31 
000–£51 999, £52 000–£100 000 and >£100 000), Townsend 
Deprivation Index, BMI, smoking status (current, former or 
never), alcohol consumption (current, former or never), physical 
activity (<150 or ≥150 min/week), vegetable consumption (<2.0, 
2.0–3.9 or ≥4.0 servings/day), fruit consumption (<2.0, 2.0–3.9 
or ≥4.0 servings/day), diabetes (yes or no), hypertension (yes or 
no), high cholesterol (yes or no), CVD (yes or no), cancer (yes or 
no), respiratory disease (yes or no), digestive disease (yes or no), 
dementia (yes or no), depression (yes or no), longstanding illness 
(yes or no), arthritis (yes or no), statin use (yes or no), chondroitin 
use (yes or no), aspirin use (yes or no), non- aspirin NSAID use 
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Figure 1 Flow chart of participant enrolment. Cardiovascular disease (CVD) (myocardial infarction, angina or stroke), respiratory disease (chronic 
obstructive pulmonary disease or emphysema) and digestive disease (liver failure, cirrhosis or alcoholic liver disease) at baseline.

(yes or no), vitamin supplement use (yes or no; multivitamin, folic 
acid, vitamin A, vitamin B, vitamin C, vitamin D or vitamin E) and 
mineral and other dietary supplement use (yes or no; calcium, iron, 
zinc, selenium or fish oil). The proportional hazards assumption 
was tested using a Schoenfeld residuals plot,25 and we found no 
violation of the assumption in this study. In addition to conven-
tional multivariate Cox regression analysis, we constructed a 
propensity score for adjustment; we obtained the propensity score 
using a logistic regression that included the aforementioned base-
line covariates for glucosamine use.

We conducted a stratified analysis to assess potential modi-
fication effects by the following factors: sex (women or men), 
age  (<60 or  ≥60  years),  ethnicity  (white  or  others),  obesity 
(yes or no), physical activity (<150 or ≥150 min/week), current 
smoking status (yes or no), current alcohol consumption status 
(yes or no), hypertension (yes or no), diabetes (yes or no), high 
cholesterol (yes or no), statin use (yes or no) and aspirin use (yes 
or no). We evaluated potential effect modification by modelling 
the cross- product term of the stratifying variable with glucos-
amine use in a fully adjusted model.

We also conducted a series of sensitivity analyses to test 
the robustness of our results. First, because participants who 
took glucosamine also tended to take other supplements, or 
chondroitin more often than participants who did not take 
glucosamine, we performed sensitivity analyses by excluding 
participants who used any other supplements and chondroitin, 
respectively. Second, we excluded participants who died within 
2 years of follow- up to minimise potential reverse causation. 
Third, we removed participants with missing values for covari-
ates. We used R V.3.6.1 (R Development Core Team, Vienna, 
Austria) for all statistical analyses, and p<0.05 (two- sided) were 
considered significant. Because we tested multiple interactions, 
we conservatively corrected for multiple testing using Bonfer-
roni correction and set significance level of 0.05/60=0.00083.

rEsulTs
baseline characteristics
We excluded participants who withdrew from the study (1299), 
and those with missing data on the use of glucosamine (6160). 
Our final analysis included 495 077 participants with data for 

all- cause mortality. Participants with relevantly prevalent disease 
were excluded per cause- specific mortality outcome, leaving 466 
368 participants for the analyses of CVD mortality, 455 418 for 
cancer mortality, 493 120 for respiratory mortality and 493 660 
for digestive mortality (figure 1).

Of the 495 077 participants (mean (SD) age, 56.6 (8.1) years), 
269 549 (54.4%) were women. Overall, 94 346 (19.1%) partici-
pants reported glucosamine use at baseline. Compared with non- 
users, glucosamine users were older, more likely to be women, 
current non- smokers, more physically active and with higher 
comorbidities, including cancer, hypertension and arthritis, 
but a lower prevalence of CVD and diabetes (table 1). Glucos-
amine users also tended to take more chondroitin, non- aspirin 
NSAIDs, vitamins and minerals and other dietary supplements 
than nonusers.

Associations of glucosamine use with all-cause and cause-
specific mortality
During a median follow- up of 8.9 years (IQR 8.3–9.7 years), 
we documented 19 882 all- cause deaths, 3802 CVD deaths, 
8090 cancer deaths, 3380 respiratory deaths and 1061 diges-
tive disease deaths. In age- adjusted and sex- adjusted analyses, we 
found significant inverse associations between glucosamine use 
and risk of mortality due to all- cause, CVD, cancer, respiratory 
disease and digestive disease (all p<0.001) (table 2). In the multi-
variable adjusted analyses, the HRs associated with glucosamine 
use were 0.85 (95% CI 0.82 to 0.89) for all- cause mortality; 
0.82 (95% CI 0.74 to 0.90) for CVD mortality; 0.94 (95% CI 
0.88 to 0.99; p=0.031) for cancer mortality; 0.73 (95% CI 0.66 
to 0.81) for respiratory disease mortality and 0.74 (95% CI 0.62 
to 0.90) for digestive disease mortality (table 2).

subgroup analyses
We conducted stratified analyses for associations of glucosamine 
use with all- cause and cause- specific mortality according to 
potential risk factors using the fully adjusted model (figures 2 and 
3). We observed a significant interaction effect between glucos-
amine use and current smoking on the risks of all- cause mortality 
(p for interaction=0.00080). However, the associations between 
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Table 1 Baseline characteristics of study participants by 
glucosamine use

Characteristics
Overall
(n=495 077)

glucosamine non- 
users
(n=400 731)

glucosamine 
users
(n=94 346)

Age, mean (SD), years 56.55 (8.09) 55.95 (8.20) 59.08 (7.07)

Women 269 549 (54.4) 210 497 (52.5) 59 052 (62.6)

TDI, mean (SD) −1.31 (3.09) −1.20 (3.14) −1.79 (2.79)

Education

  Degree 160 288 (32.4) 129 146 (32.2) 31 142 (33.0)

  No degree 334 789 (67.6) 271 585 (67.8) 63 204 (67.0)

Ethnicity

  White 455 861 (92.1) 367 313 (91.7) 88 548 (93.9)

  Others 39 216 (7.9) 33 418 (8.3) 5798 (6.1)

Household income (£)

  <18 000 116 815 (23.6) 95 680 (23.9) 21 135 (22.4)

  18 000–30 999 127 517 (25.8) 100 419 (25.1) 27 098 (28.7)

  31 000–51 999 127 427 (25.7) 102 879 (25.7) 24 548 (26.0)

  52 000–100 000 97 565 (19.7) 80 314 (20.0) 17 251 (18.3)

  >100 000 25 753 (5.2) 21 439 (5.3) 4314 (4.6)

BMI, mean (SD), kg/m2 27.43 (4.80) 27.45 (4.84) 27.36 (4.65)

Smoking status

  Never 271 144 (54.8) 219 107 (54.7) 52 037 (55.2)

  Former 171 668 (34.7) 135 486 (33.8) 36 182 (38.4)

  Current 52 265 (10.6) 46 138 (11.5) 6127 (6.5)

Alcohol consumption

  Never 21 931 (4.4) 18 688 (4.7) 3243 (3.4)

  Former 17 858 (3.6) 15 136 (3.8) 2722 (2.9)

  Current 455 288 (92.0) 366 907 (91.6) 88 381 (93.7)

Physical activity (min/
week)

  <150 228 019 (46.1) 189 753 (47.4) 38 266 (40.6)

  ≥150 267 058 (53.9) 210 978 (52.6) 56 080 (59.4)

Vegetable consumption 
(servings/day)

  <2.0 97 853 (19.8) 83 776 (20.9) 14 077 (14.9)

  2.0–3.9 222 743 (45.0) 179 783 (44.9) 42 960 (45.5)

  ≥4.0 174 481 (35.2) 137 172 (34.2) 37 309 (39.5)

Fruit consumption 
(servings/day)

  <2.0 136 458 (27.6) 118 612 (29.6) 17 846 (18.9)

  2.0–3.9 201 446 (40.7) 163 136 (40.7) 38 310 (40.6)

  ≥4.0 157 173 (31.7) 118 983 (29.7) 38 190 (40.5)

Supplement or drug use

  Vitamin 157 133 (31.7) 104 719 (26.1) 52 414 (55.6)

  Minerals and other 
dietary supplements

184 377 (37.2) 118 971 (29.7) 65 406 (69.3)

  Aspirin 66 052 (13.3) 53 402 (13.3) 12 650 (13.4)

  Statin 56 544 (11.4) 46 186 (11.5) 10 358 (11.0)

  Non- aspirin NSAIDs 71 109 (14.4) 53 152 (13.3) 17 957 (19.0)

  Chondroitin 7813 (1.6) 1581 (0.4) 6232 (6.6)

Health conditions

  CVD 28 709 (5.8) 24 621 (6.1) 4088 (4.3)

  Cancer 39 659 (8.0) 31 506 (7.9) 8153 (8.6)

  Diabetes 25 968 (5.2) 22 517 (5.6) 3451 (3.7)

  Hypertension 279 956 (56.5) 225 247 (56.2) 54 709 (58.0)

  Respiratory diseases 1957 (0.4) 1555 (0.4) 402 (0.4)

  Digestive diseases 1417 (0.3) 1259 (0.3) 158 (0.2)

  High cholesterol 86 406 (17.5) 70 408 (17.6) 15 998 (17.0)

  Arthritis 23 217 (4.7) 15 440 (3.9) 7777 (8.2)

  Dementia 219 (0.0) 184 (0.0) 35 (0.0)

  Depression 76 642 (15.5) 53 848 (13.4) 15 133 (16.0)

Continued

Characteristics
Overall
(n=495 077)

glucosamine non- 
users
(n=400 731)

glucosamine 
users
(n=94 346)

  Longstanding illness 162 123 (32.7) 131 024 (32.7) 31 099 (33.0)

Values are numbers (%) unless stated otherwise.
BMI, body mass index; CVD, cardiovascular disease; NSAID, non- steroidal anti- inflammatory 
drug; TDI, Townsend Deprivation Index.

Table 1 Continued

glucosamine use and all- cause and cause- specific mortality were 
not significantly modified by sex, age, ethnicity, obesity, current 
alcohol status, physical activity, diabetes, statin and aspirin use 
(figures 2 and 3).

sensitivity analyses
The associations of glucosamine use with all- cause and cause- 
specific mortality did not change appreciably when we excluded 
participants who died within 2 years of follow- up (see online 
supplementary table S2); when we excluded participants who 
used any other supplements (see online supplementary table 
S3); nor when we excluded participants with missing values for 
covariates (see online supplementary table S4). Likewise, when 
the analyses of glucosamine were restricted to non- users of 
chondroitin, material changes in the results were not observed 
(see online supplementary table S5).

disCussiOn
In this large population- based cohort study involving 495 077 
individuals, we found that regular glucosamine use was signifi-
cantly associated with a 15% lower risk of total mortality and 
18% for CVD mortality; 6% for cancer mortality; 27% for 
respiratory mortality and 26% for digestive mortality. These 
associations were independent of other potential confounders, 
including sociodemographic factors, lifestyle behaviours, health 
status, drug use and other supplements use. Furthermore, the 
protective associations of glucosamine use against all- cause 
mortality appeared to be somewhat stronger in current smokers 
than non- current smokers.

Our results showed that glucosamine use was reported by 
19.1% of participants; similarly, glucosamine use was reported by 
22.0% of the Australian population aged 45+ years.4 Our results 
are consistent with findings from several previous studies, which 
indicated an inverse association between glucosamine use and 
mortality. In the Vitamins and Lifestyle (VITAL) study, glucos-
amine use was significantly associated with a lower risk of all- 
cause mortality.18 An animal study found that glucosamine may 
prolong life span by mimicking a low carbohydrate diet,26 while 
the protective effect of a low carbohydrate diet on mortality has 
been demonstrated in population- based studies.27 28 Moreover, 
these observations echoes the results of a study using the UK 
Biobank data with a mean of 7 years of follow- up, of which Ma et 
al15 reported that habitual glucosamine use was associated with 
a lower risk of CVD mortality. Our current study, with nearly 
two additional years of follow- up, has provided further evidence 
supporting the association between glucosamine use and a lower 
risk of CVD mortality. Besides, our study has shown a reduction 
of cancer- specific mortality in association with glucosamine use 
agrees with the VITAL study, which found an inverse association 
between glucosamine use and the risk of colorectal12 and lung 
cancer.29 With regard to respiratory- specific mortality, only one 
study supports our finding that the use of glucosamine is asso-
ciated with a reduced risk of death from respiratory disease.18 
From a mechanistic perspective, our observation is supported by 
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Table 2 Associations of glucosamine supplement use with risk of all- cause and cause- specific mortality

Outcomes
glucosamine 
non- users

glucosamine 
users

Model 1* Model 2† Propensity score adjusted

Hr (95% Ci) P value Hr (95% Ci) P value Hr (95% Ci) P value

All- cause mortality 16 665 (4.2) 3217 (3.4) 0.70 (0.67 to 0.73) <0.001 0.85 (0.82 to 0.89) <0.001 0.82 (0.79 to 0.86) <0.001

CVD mortality 3202 (0.8) 600 (0.7) 0.67 (0.61 to 0.73) <0.001 0.82 (0.74 to 0.90) <0.001 0.78 (0.71 to 0.86) <0.001

Cancer mortality 6571 (2.2) 1519 (2.1) 0.82 (0.78 to 0.87) <0.001 0.94 (0.88 to 0.99) 0.031 0.90 (0.85 to 0.96) 0.001

Respiratory disease mortality 2917 (0.7) 463 (0.5) 0.56 (0.51 to 0.62) <0.001 0.73 (0.66 to 0.81) <0.001 0.68 (0.61 to 0.76) <0.001

Digestive disease mortality 914 (0.2) 147 (0.2) 0.61 (0.51 to 0.73) <0.001 0.74 (0.62 to 0.90) <0.001 0.73 (0.60 to 0.88) <0.001

Values are numbers (%) unless stated otherwise.
*Model 1: adjusted for age and sex.
†Model 2: additionally adjusted for Townsend Deprivation Index, ethnicity, education, household income, body mass index, fruit consumption, vegetable consumption, smoking 
status, alcohol consumption, physical activity, diabetes, hypertension, high cholesterol, CVD, cancer, respiratory disease, digestive disease, arthritis, dementia, depression, 
longstanding illness, statin use, chondroitin use, aspirin use, non- aspirin NSAID use, vitamin supplementation and mineral and other dietary supplementation.
CVD, cardiovascular disease; NSAID, non- steroidal anti- inflammatory drug.

Figure 2 Association of glucosamine supplement use and risk of 
all- cause mortality stratified by potential risk factors. Results were 
adjusted for age, sex, Townsend Deprivation Index, ethnicity, education, 
household income, body mass index, fruit consumption, vegetable 
consumption, smoking status, alcohol consumption, physical activity, 
diabetes, hypertension, high cholesterol, cardiovascular disease, cancer, 
respiratory disease, digestive disease, arthritis, dementia, depression, 
longstanding illness, statin use, chondroitin use, aspirin use, non- aspirin 
non- steroidal anti- inflammatory drug use, vitamin supplementation and 
mineral and other dietary supplementation.

the fact that anti- inflammatory drugs have been proposed as an 
approach to hinder the progress of chronic obstructive pulmo-
nary disease.30

To our knowledge, the association between glucosamine use 
and digestive disease mortality has not been reported previously. 
Although low dose aspirin reduces the risk of CVD events, it 
may increase the risk of upper gastrointestinal complications, 
particularly when it is administered in conjunction with NSAIDs 
or even acetaminophen.31 32 Unlike aspirin or NSAIDs, glucos-
amine is considered relatively safe.33 Future studies are needed 
to investigate the associations of glucosamine use with digestive 
diseases and mortality.

Glucosamine and chondroitin supplements are often taken 
together in a single daily supplements,1 and it is therefore 
possible that our observed associations are driven by either 
of these supplements. To address this issue, we performed 

sensitivity analyses examining the associations of glucosamine 
use alone (excluding participants who took chondroitin) with 
all- cause and cause- specific mortality. We found that the esti-
mates did not change substantially. Therefore, it is likely that 
glucosamine use may reduce the risk of mortality, regardless of 
the co- administration of chondroitin.

Several potential mechanisms could explain the inverse asso-
ciation between glucosamine use and mortality. First, nuclear 
factor-κB (NF-κB) has been implicated in several diseases, such 
as inflammation- related CVD and cancers.34 Glucosamine use 
may affect inflammation by inhibiting the transcription factor 
NF-κB from translocating to the nucleus,6 35 reducing inflam-
mation and thus lowering related mortality. Indeed, several 
previous studies have demonstrated that such anti- inflammatory 
properties of glucosamine might promote healthy outcomes.6–8 
For example, glucosamine use was found to be associated with 
a significant reduction of concentrations of C reactive protein.8 
Reduction of this important marker for systemic inflamma-
tion36 could be related to subsequent lowering of morbidity and 
mortality risk.37 38 Moreover, orally administered glucosamine 
reduced the markers of inflammation in peripheral blood, as well 
as atherosclerotic- induced femoral lesions, in a combined rabbit 
model of chronic arthritis and atherosclerosis.39 Glucosamine 
also prevented the development of inflammation- associated 
aortic lesions.39 Aside from reducing inflammation, an animal 
study reported that glucosamine use could trigger a mimic 
response of a low carbohydrate diet, via reducing glycolysis and 
increasing amino acid catabolism in mice.26 This could explain 
the linkage between glucosamine use and its protective effect, 
as population- based studies found that low carbohydrate diets 
are indeed related to a reduced risk of mortality.27 40 In addi-
tion, several trials reported that a low carbohydrate diet could 
promote beneficial health outcomes.41 42 Mechanisms other than 
anti- inflammation, reducing glycolysis and increasing amino acid 
catabolism might also be involved in mediating our observed 
outcomes. Future studies are needed to explore the diverse phar-
macological roles of glucosamine on different health outcomes.

We observed that the association between glucosamine 
use and all- cause mortality varied by smoking status, with a 
significant inverse association observed among those who are 
current smokers. One of the possible explanation on why we 
observe a stronger effect among current smokers is that, as 
they are at a state of higher inflammatory stress at baseline, the 
anti- inflammatory actions of glucosamine may offer stronger 
benefit.43 It would be interesting to clarify how current 
smokers could benefit from glucosamine use, particular on 
reducing smoking- related mortality.
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Figure 3 Associations of glucosamine supplement use and risk of cause- specific mortality stratified by potential risk factors. (A) Cardiovascular 
disease (CVD) mortality; (B) cancer mortality; (C) respiratory disease mortality; (D) digestive disease mortality. Results were adjusted for age, 
sex, Townsend Deprivation Index, ethnicity, education, household income, body mass index, fruit consumption, vegetable consumption, smoking 
status, alcohol consumption, physical activity, diabetes, hypertension, high cholesterol, CVD, cancer, respiratory disease, digestive disease, arthritis, 
dementia, depression, longstanding illness, statin use, chondroitin use, aspirin use, non- aspirin non- steroidal anti- inflammatory drug use, vitamin 
supplementation and mineral and other dietary supplementation.

strengths and limitations
Our study has several major strengths, including the large sample 
size, the prospective population- based cohort study design and 
minimal loss to follow- up. It is noteworthy that the wealth of 
information on socioeconomic factors, lifestyle, diseases history 
and other covariates of the UK Biobank dataset has enabled us 
to perform comprehensive sensitivity and subgroup analyses. 
Nevertheless, our study also has some limitations. First, while 
data collection on dietary supplements intake was not conducted 

in a clinical setting in order to encourage more truthful reporting, 
the UK Biobank did not gather detailed information on the 
dosage, forms or duration of glucosamine use. Second, as the 
time of taking glucosamine was unknown in the UK Biobank, 
deaths that occurred during the exposure but before the 
follow- up date were not able to be counted. This may exaggerate 
the estimated protective effect of taking glucosamine on the basis 
of what is called an ‘immortal time bias’. Third, regular glucos-
amine use may be a marker for a healthy lifestyle, but it is hard to 
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distinguish the confounding effects of a healthy lifestyle from the 
impact of regular supplementations in an observational study. 
Although we had carefully adjusted for potential confounding 
lifestyle- related factors in our analyses, we could not exclude 
the possibility that the results were confounded by unmeasured 
lifestyle- related factors. In general, with the current observa-
tional study design the possibility of residual confounding due to 
imprecise measurements or unknown factors cannot be excluded 
for all findings in our study, despite our careful adjustment of 
all measured confounders. Fourth, in general, 20–100 imputed 
datasets are recommended,24 while in this study 5 datasets were 
imputed. Due to low proportions of missing data, we regard five 
imputed datasets to work satisfactorily. Lastly, although the UK 
Biobank represents a large and unique resource, low response 
rate (5.5%) could lead to selection biases, potentially limiting 
generalisability of the results in the wider UK population.20

COnClusiOns
In summary, the results of this large- scale prospective cohort 
study show that a considerable proportion (19.1%) of the UK 
population reported regular use of glucosamine supplements. 
We observed that regular use of glucosamine supplements is 
associated with lower mortality due to all causes, CVD, cancer, 
respiratory disease and digestive disease. Further clinical trials 
and possibly pharmacological studies may increase our under-
standing of any potential benefit of glucosamine supplement use.

Author affiliations
1department of Epidemiology, school of public Health, southern medical University, 
guangzhou, china
2department of nutritional sciences, The pennsylvania state University, University 
park, pennsylvania, Usa
3Jockey club school of public Health and primary care, The chinese University of 
Hong Kong, Hong Kong, china
4national institute of Environmental Health, chinese center for disease control and 
prevention, Beijing, china
5duke molecular physiology institute and division of Rheumatology, department of 
medicine, duke University school of medicine, durham, north carolina, Usa
6Food safety and Health Research center, school of public Health, southern medical 
University, guangzhou, china

Acknowledgements The authors would like to thank the UK Biobank participants. 
This research has been conducted using the UK Biobank resource under application 
number 43795.

Contributors cm and Z- Hl contributed to the statistical analyses and had primary 
responsibility for writing the manuscript. cm, XY and VBK directed the study. WFZ, 
QF, Y- Bl, Z- HW, ds, X- RZ, p- dZ, F- Rl, Q- mH, Qc and W- Qs contributed to the data 
cleaning. cm, XY, VBK, X- ms, Xg, VcHc and X- BW. all authors critically reviewed the 
manuscript for important intellectual content.

Funding This work was supported by the national natural science Foundation 
of china (81973109), the project supported by guangdong province Universities 
and colleges pearl River scholar Funded scheme (2019), the national Key Research 
and development program of china (2018YFc2000400), the construction of 
High- level University of guangdong (g619339521 and g618339167) and the 
national institutes of Health (niH)/national institute on ageing (nia) of Usa (p30- 
ag028716).

disclaimer The funders played no role in the study design or implementation; data 
collection, management, analysis or interpretation; manuscript preparation, review or 
approval or the decision to submit the manuscript for publication.

Competing interests none declared.

Patient and public involvement patients and/or the public were not involved in 
the design, conduct, reporting or dissemination plans of this research.

Patient consent for publication not required.

Ethics approval The UK Biobank received ethical approval from the research 
ethics committee (REc reference for UK Biobank 11/nW/0382) and participants 
provided written informed consent.

Provenance and peer review not commissioned; externally peer reviewed.

data availability statement data are available in a public, open access 
repository. The UK Biobank data are available from the UK Biobank on request ( 
www. ukbiobank. ac. uk/).

Open access This is an open access article distributed in accordance with the 
creative commons attribution 4.0 Unported (cc BY 4.0) license, which permits 
others to copy, redistribute, remix, transform and build upon this work for any 
purpose, provided the original work is properly cited, a link to the licence is given, 
and indication of whether changes were made. see: https:// creativecommons. org/ 
licenses/ by/ 4. 0/.

OrCid id
chen mao http:// orcid. org/ 0000- 0002- 6537- 6215

RefeRences
 1 clegg do, Reda dJ, Harris cl, et al. glucosamine, chondroitin sulfate, and the two in 

combination for painful knee osteoarthritis. N Engl J Med 2006;354:795–808.
 2 Jordan Km, arden nK, doherty m, et al. EUlaR recommendations 2003: an evidence 

based approach to the management of knee osteoarthritis: report of a task force of 
the standing committee for international clinical studies including therapeutic trials 
(EscisiT). Ann Rheum Dis 2003;62:1145–55.

 3 Barnes pm, Bloom B, nahin Rl. complementary and alternative medicine 
use among adults and children; United states, 2007. Natl Health Stat Report 
2008;12:1–23.

 4 sibbritt d, adams J, lui c- W, et al. Who uses glucosamine and why? a study of 
266,848 australians aged 45 years and older. PLoS One 2012;7:e41540.

 5 Wilkens p, scheel iB, grundnes o, et al. Effect of glucosamine on pain- related 
disability in patients with chronic low back pain and degenerative lumbar 
osteoarthritis: a randomized controlled trial. JAMA 2010;304:45–52.

 6 largo R, alvarez- soria ma, díez- ortego i, et al. glucosamine inhibits il- 1beta- induced 
nFkappaB activation in human osteoarthritic chondrocytes. Osteoarthritis Cartilage 
2003;11:290–8.

 7 Ronca F, palmieri l, panicucci p, et al. anti- inflammatory activity of chondroitin sulfate. 
Osteoarthritis Cartilage 1998;6 suppl a:14–21.

 8 Kantor Ed, lampe JW, Vaughan Tl, et al. association between use of specialty 
dietary supplements and c- reactive protein concentrations. Am J Epidemiol 
2012;176:1002–13.

 9 mantovani a, allavena p, sica a, et al. cancer- related inflammation. Nature 
2008;454:436–44.

 10 grivennikov si, greten FR, Karin m. immunity, inflammation, and cancer. Cell 
2010;140:883–99.

 11 Willerson JT, Ridker pm. inflammation as a cardiovascular risk factor. Circulation 
2004;109:ii-2–10.

 12 Kantor Ed, lampe JW, peters U, et al. Use of glucosamine and chondroitin 
supplements and risk of colorectal cancer. Cancer Causes Control 
2013;24:1137–46.

 13 Kantor Ed, Zhang X, Wu K, et al. Use of glucosamine and chondroitin supplements in 
relation to risk of colorectal cancer: results from the nurses’ health study and health 
professionals follow- up study. Int J Cancer 2016;139:1949–57.

 14 ibáñez- sanz g, díez- Villanueva a, Vilorio- marqués l, et al. possible role of chondroitin 
sulphate and glucosamine for primary prevention of colorectal cancer. Results from 
the mcc- spain study. Sci Rep 2018;8:2040.

 15 ma H, li X, sun d, et al. association of habitual glucosamine use with risk of 
cardiovascular disease: prospective study in UK Biobank. BMJ 2019;365:l1628.

 16 murphy RK, Ketzler l, Rice RdE, et al. oral glucosamine supplements as a possible 
ocular hypertensive agent. JAMA Ophthalmol 2013;131:955–7.

 17 shmagel a, demmer R, Knights d, et al. The effects of glucosamine and chondroitin 
sulfate on gut microbial composition: a systematic review of evidence from animal 
and human studies. Nutrients 2019;11:294.

 18 Bell ga, Kantor Ed, lampe JW, et al. Use of glucosamine and chondroitin in relation 
to mortality. Eur J Epidemiol 2012;27:593–603.

 19 pocobelli g, Kristal aR, patterson RE, et al. Total mortality risk in relation to use of 
less- common dietary supplements. Am J Clin Nutr 2010;91:1791–800.

 20 sudlow c, gallacher J, allen n, et al. UK Biobank: an open access resource for 
identifying the causes of a wide range of complex diseases of middle and old age. 
PLoS Med 2015;12:e1001779.

 21 Jarman B, Townsend p, carstairs V. deprivation indices. BMJ 1991;303:523.
 22 World Health organizaion. World Health organization recommendations on physical 

activity for health: 2010; 2015.
 23 sv B, groothuis- oudshoorn K. mice: multivariate imputation by chained equations in 

R. J Stat Softw 2010:1–68.
 24 Buuren svan. Flexible imputation of missing data: CRC press 2018.
 25 grambsch pm, Therneau Tm. proportional hazards tests and diagnostics based on 

weighted residuals. Biometrika 1994;81:515–26.
 26 Weimer s, priebs J, Kuhlow d, et al. d- glucosamine supplementation extends life span 

of nematodes and of ageing mice. Nat Commun 2014;5:3563.
 27 Fung TT, van dam Rm, Hankinson sE, et al. low- carbohydrate diets and all- cause and 

cause- specific mortality: two cohort studies. Ann Intern Med 2010;153:289–98.

 on A
pril 23, 2024 by guest. P

rotected by copyright.
http://ard.bm

j.com
/

A
nn R

heum
 D

is: first published as 10.1136/annrheum
dis-2020-217176 on 6 A

pril 2020. D
ow

nloaded from
 

https://www.ukbiobank.ac.uk/
https://www.ukbiobank.ac.uk/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://orcid.org/0000-0002-6537-6215
http://dx.doi.org/10.1056/NEJMoa052771
http://dx.doi.org/10.1136/ard.2003.011742
http://dx.doi.org/10.1371/journal.pone.0041540
http://dx.doi.org/10.1001/jama.2010.893
http://dx.doi.org/10.1016/S1063-4584(03)00028-1
http://dx.doi.org/10.1016/S1063-4584(98)80006-X
http://dx.doi.org/10.1093/aje/kws186
http://dx.doi.org/10.1038/nature07205
http://dx.doi.org/10.1016/j.cell.2010.01.025
http://dx.doi.org/10.1161/01.CIR.0000129535.04194.38
http://dx.doi.org/10.1007/s10552-013-0192-2
http://dx.doi.org/10.1002/ijc.30250
http://dx.doi.org/10.1038/s41598-018-20349-6
http://dx.doi.org/10.1136/bmj.l1628
http://dx.doi.org/10.1001/jamaophthalmol.2013.227
http://dx.doi.org/10.3390/nu11020294
http://dx.doi.org/10.1007/s10654-012-9714-6
http://dx.doi.org/10.3945/ajcn.2009.28639
http://dx.doi.org/10.1371/journal.pmed.1001779
http://dx.doi.org/10.1136/bmj.303.6801.523-a
http://dx.doi.org/10.1093/biomet/81.3.515
http://dx.doi.org/10.1038/ncomms4563
http://dx.doi.org/10.7326/0003-4819-153-5-201009070-00003
http://ard.bmj.com/


836 Li Z- H, et al. Ann Rheum Dis 2020;79:829–836. doi:10.1136/annrheumdis-2020-217176

Epidemiology

 28 dehghan m, mente a, Zhang X, et al. associations of fats and carbohydrate intake 
with cardiovascular disease and mortality in 18 countries from five continents (pURE): 
a prospective cohort study. Lancet 2017;390:2050–62.

 29 Brasky Tm, lampe JW, slatore cg, et al. Use of glucosamine and chondroitin and 
lung cancer risk in the ViTamins and lifestyle (ViTal) cohort. Cancer Causes Control 
2011;22:1333–42.

 30 Rabe KF, Bateman Ed, o’donnell d, et al. Roflumilast--an oral anti- inflammatory 
treatment for chronic obstructive pulmonary disease: a randomised controlled trial. 
Lancet 2005;366:563–71.

 31 garcía Rodríguez la, Hernández- díaz s. Relative risk of upper gastrointestinal 
complications among users of acetaminophen and nonsteroidal anti- inflammatory 
drugs. Epidemiology 2001;12:570–6.

 32 Boike JR, Kao R, meyer d, et al. does concomitant use of paracetamol potentiate the 
gastroduodenal mucosal injury associated with aspirin? a prospective, randomised, 
pilot study. Aliment Pharmacol Ther 2012;36:391–7.

 33 anderson JW, nicolosi RJ, Borzelleca JF. glucosamine effects in humans: a review of 
effects on glucose metabolism, side effects, safety considerations and efficacy. Food 
Chem Toxicol 2005;43:187–201.

 34 li Q, Withoff s, Verma im. inflammation- associated cancer: nF- kappaB is the lynchpin. 
Trends Immunol 2005;26:318–25.

 35 imagawa K, de andrés mc, Hashimoto K, et al. The epigenetic effect of 
glucosamine and a nuclear factor- kappa B (nF- kB) inhibitor on primary human 
chondrocytes--implications for osteoarthritis. Biochem Biophys Res Commun 
2011;405:362–7.

 36 pepys mB, Hirschfield gm. c- reactive protein: a critical update. J Clin Invest 
2003;111:1805–12.

 37 li Z- H, Zhong W- F, lv Y- B, et al. associations of plasma high- sensitivity c- reactive 
protein concentrations with all- cause and cause- specific mortality among middle- aged 
and elderly individuals. Immun Ageing 2019;16:28.

 38 Koenig W, sund m, Fröhlich m, et al. c- Reactive protein, a sensitive marker of 
inflammation, predicts future risk of coronary heart disease in initially healthy 
middle- aged men: results from the monica (monitoring trends and determinants 
in cardiovascular disease) augsburg cohort study, 1984 to 1992. Circulation 
1999;99:237–42.

 39 largo R, martínez- calatrava mJ, sánchez- pernaute o, et al. Effect of a high dose 
of glucosamine on systemic and tissue inflammation in an experimental model 
of atherosclerosis aggravated by chronic arthritis. Am J Physiol Heart Circ Physiol 
2009;297:H268–76.

 40 seidelmann sB, claggett B, cheng s, et al. dietary carbohydrate intake and mortality: 
a prospective cohort study and meta- analysis. Lancet Public Health 2018;3:e419–28.

 41 Foster gd, Wyatt HR, Hill Jo, et al. a randomized trial of a low- carbohydrate diet for 
obesity. N Engl J Med 2003;348:2082–90.

 42 mansoor n, Vinknes KJ, Veierød mB, et al. Effects of low- carbohydrate diets V. low- fat 
diets on body weight and cardiovascular risk factors: a meta- analysis of randomised 
controlled trials. Br J Nutr 2016;115:466–79.

 43 nagle cm, ibiebele Ti, deFazio a, et al. aspirin, nonaspirin nonsteroidal anti- 
inflammatory drugs, acetaminophen and ovarian cancer survival. Cancer Epidemiol 
2015;39:196–9.

 on A
pril 23, 2024 by guest. P

rotected by copyright.
http://ard.bm

j.com
/

A
nn R

heum
 D

is: first published as 10.1136/annrheum
dis-2020-217176 on 6 A

pril 2020. D
ow

nloaded from
 

http://dx.doi.org/10.1016/S0140-6736(17)32252-3
http://dx.doi.org/10.1007/s10552-011-9806-8
http://dx.doi.org/10.1016/S0140-6736(05)67100-0
http://dx.doi.org/10.1097/00001648-200109000-00018
http://dx.doi.org/10.1111/j.1365-2036.2012.05200.x
http://dx.doi.org/10.1016/j.fct.2004.11.006
http://dx.doi.org/10.1016/j.fct.2004.11.006
http://dx.doi.org/10.1016/j.it.2005.04.003
http://dx.doi.org/10.1016/j.bbrc.2011.01.007
http://dx.doi.org/10.1172/JCI200318921
http://dx.doi.org/10.1186/s12979-019-0168-5
http://dx.doi.org/10.1161/01.cir.99.2.237
http://dx.doi.org/10.1152/ajpheart.00142.2009
http://dx.doi.org/10.1016/S2468-2667(18)30135-X
http://dx.doi.org/10.1056/NEJMoa022207
http://dx.doi.org/10.1017/S0007114515004699
http://dx.doi.org/10.1016/j.canep.2014.12.010
http://ard.bmj.com/

	Associations of regular glucosamine use with all-cause and cause-specific mortality: a large prospective cohort study
	Abstract
	Background
	Methods
	Study population
	Exposure assessment
	Ascertainment of deaths

	Covariates
	Statistical analysis

	Results
	Baseline characteristics
	Associations of glucosamine use with all-cause and cause-specific mortality
	Subgroup analyses
	Sensitivity analyses

	Discussion
	Strengths and limitations

	Conclusions
	References


