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Objective: Previous studies have shown anti-cancer and anti-inflammatory

benefits of glucosamine. This study was performed to prospectively evaluate

the association between glucosamine supplementation and the mortality of

multiple cancers based on the UK Biobank cohort study.

Materials and methods: A total of 453,645 participants aged 38–73 who had

no cancer at baseline were recruited between 2006 and 2010 and followed

until March 2021. We used cox and poission proportional hazards models

to explore the association between habitual use of glucosamine and cancer

mortality. Subgroup analyses were conducted to understand the potential

effect modifications of demographics, lifestyle factors, and health outcomes.

Sensitivity analyses were performed to determine the robustness of the results.

Results: Of the participants, 88,224 (19.4%) reported habitual glucosamine

use at baseline. There were 9,366 cancer deaths during a median follow-up

of 12.1 years, and we observed a significant association between the use of

glucosamine and lower overall cancer mortality (HR = 0.95, 95% CI = 0.90–

1.00, p < 0.05), kidney cancer (IRR = 0.68, 95% CI = 0.49–0.95, p < 0.05),

lung cancer mortality (IRR = 0.84, 95% CI = 0.74–0.95, p < 0.05), and rectum

cancer (IRR = 0.76, 95% CI = 0.59–0.98, p < 0.05). Subgroup analysis showed

that habitual glucosamine supplementation was correlated with lower overall

cancer mortality among participants who were aged ≥ 60 years, male, current

smoker, without high cholesterol and not obese. Sensitivity analysis showed

that the results were stable.

Conclusion: Habitual glucosamine use was significantly related to

decreased overall cancer, kidney cancer, lung cancer, and rectum cancer

mortality, based on data from the large-scale, nationwide, prospective UK

Biobank cohort study.
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Introduction

As a non-mineral and non-vitamin supplement,
glucosamine is only available by prescription in European
countries. However, in Australia and the United States,
glucosamine is available over the counter (1, 2). About one in
five adults in Australia and 2.6% adults in the United States
regularly take glucosamine supplements (3, 4). Glucosamine is
an important component in the synthesis of proteoglycans in
the human articular cartilage matrix and is widely used in the
treatment of osteoarthritis (5). Additionally, glucosamine can
regulate various signaling pathways and play a pharmacological
role in multiple diseases, including skin diseases, cancer,
bacterial infections, and cardiovascular diseases (1, 6, 7).
A previous study showed that glucosamine could inhibit
the proliferation of a range of tumor cells by inducing cell
cycle arrest and apoptosis in cancer cells (8). Some in vitro
and in vivo studies have shown that glucosamine reduces
the production of pro-inflammatory factors by inhibiting
the mRNA transcription and/or protein expression of pro-
inflammatory factors, thereby exerting anti-inflammatory
and tumor suppressor effects (9). Moreover, glucosamine
can regulate the activity of various important transcription
factors and affect various signal transduction pathways, thereby
exerting anti-tumor effects. Additionally, according to a large,
prospective cohort study, regular use of glucosamine was
related to decreased cancer mortality (10). Furthermore, regular
glucosamine supplementation was associated with lower lung
cancer mortality in the UK Biobank cohort (11) and this
work was conducted to expand the evaluation to all cancers.
Currently, evidence on the relationship between glucosamine
and different types of cancers remained limited.

Therefore, in the present study, we aimed to understand the
association of habitual glucosamine use and cancer mortality
using the UK Biobank data. Additionally, the potential effect
modifications of certain cancer risk factors were explored.

Materials and methods

Study population

The UK Biobank is one of the largest population studies
in the world aimed at improving the prevention, diagnosis,
and treatment of various diseases as well as promoting
health across society. The UK Biobank data is open and
has been used by researchers around the world (12–16).
Over half a million participants aged 40–70 from across
the UK were included in the UK Biobank between 2006
and 2010. Participants provided detailed self-reported data at
baseline through touchscreen questionnaires and oral interviews
with trained nurses at the assessment center. Extensive body
measurements were also collected.

In this study, a total of 502,407 participants were recruited
from the UK Biobank. Participants without information on the
use of glucosamine were excluded (n = 4,756). Additionally,
we excluded participants with one cancer diagnosis at baseline
(n = 26,293) as well as those with multiple cancer diagnoses
(n = 17,713). Ultimately, a total of 453,645 participants aged
38–73 were included in this study (Figure 1). Written consent
was obtained from all participants, and the UK Biobank study
was approved by the North West Multi-centre Research Ethics
Committee in the United Kingdom.

Glucosamine use and measurement of
outcome

Participants were asked whether they regularly took
supplements including glucosamine at baseline, and those with
"yes" responses were defined as habitual glucosamine users.
Incidence and survival time data for tumors and deaths was
obtained through links to national registries, where cancer
cases were classified via the International Classification of
Diseases, 10th Revision (ICD-10) codes. Self-reported cancer
cases were also validated through interviews with trained nurses.
Details on tumor mortality validation are available at https://
biobank.ctsu.ox.ac.uk/showcase/label.cgi?id=2000. Participants
were followed from baseline until death or 1 March 2021,
whichever came first.

Other variables

Variables of interest were noted in this study, including age
(in years), gender, ethnic background, average total household
income, obesity, physical activity, smoking status, use of alcohol,
fruit and vegetable intake, processed meat and red meat intake,
supplementation, and drug use (minerals, aspirin, NSAIDS,
chondroitin and vitamin). We calculated the body mass index
(BMI) as the weight in kilograms (kg) divided by the square
of the height in meters (m2) and the obesity was defined
as BMI ≥ 30 kg/m2. According to healthy physical activity
recommendations (17), we categorized the enrolled participants
into two groups based on the total time spent in moderate
physical activity in minutes: <150 or ≥150 min/week.

Statistical analysis

All the missing covariate values were imputed using
multiple imputation with chained equations. Lilliefors tests were
conducted to detect whether the data were normally distributed.
Continuous variables were indicated as mean ± standard
deviation (SD) for normal distributions and median and IQR for
non-normal distributions. Categorical variables were indicated
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FIGURE 1

Flowchart of the participants selection.

as counts and percentages. Cox proportional hazards models
were adopted to show the correlation between glucosamine use
and overall cancer mortality using hazard ratios (HR) and 95%.
Poission proportional hazards models were used to explore the
association of glucosamine use and multiple cancers mortality
using incidence rate ratio (IRR) and 95% CI. We constructed
two models, the basic model and adjusted model, to evaluate
the connection between regular use of glucosamine and cancer
mortality. The basic model was adjusted by age (years), gender
(male or female), ethnic background (white or others), and
average total household income (<£18,000, £18,000–£30,999,
£31,000–£51,999, £52,000–£100,000, or >£100,000) to analyze
the association between glucosamine use and cancer mortality.
The adjusted model was also further adjusted for obesity
(BMI < 30 or BMI ≥ 30), physical activity (<150 min/week or
≥150 min/week), current smoking (yes or no), alcohol intake
(<1, 1–2, 3–4, or >4 times/week), minerals supplementation
(calcium, zinc, iron, and selenium) (yes or no), fruit intake
(<2.0, 2.0–3.9, or ≥4.0 pieces/day), vegetable intake (<2.0, 2.0–
3.9, or ≥4.0 tablespoons/day), processed meat intake (0, 0–1, or

>1 times/week), red meat intake (0, 0–1, or >1 times/week),
aspirin use (yes or no), NSAIDS use (yes or no), chondroitin
use (yes or no), and vitamin use (yes or no). Li et al. evaluated
pack years in this population previously and found that it did not
alter the association between glucosamine and lung cancer (11);
therefore, we did not include pack year for analysis in this study.
All the results were indicated as HR/IRR, 95% CI, and P-values.

To reveal the potential effect modifications on the
association of habitual glucosamine use and cancer mortality, we
conducted several subgroup analyses by age (<60 vs. ≥60 years),
ethnic background (white vs. others), gender (males vs. females),
smoking (yes vs. no), diabetes (yes vs. no), high cholesterol (yes
vs. no), arthritis (yes vs. no), and obesity (yes vs. no).

Additionally, we performed a series of sensitivity analyses
to reveal the robustness of our results. Participants with
glucosamine supplementation also tended to take other
supplements more often than participants without glucosamine
supplementation. Therefore, we performed sensitivity analyses
by removing participants who used other supplementation.
Additionally, we removed these participants with missing data
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TABLE 1 Baseline features for UK Biobank participants by glucosamine use.

Characteristics Overall Glucosamine non-user Glucosamine user

No. of participants 453,645 (100%) 365,421 (80.6%) 88224 (19.4%)

Age (median [IQR]) 57.00 [50.00, 63.00] 56.00 [49.00, 62.00] 60.00 [54.00, 64.00]

Female (%) 245,726 (54.2) 190,906 (52.2) 54,820 (62.1)

Ethnic background (%)

Others 27,058 (6.0) 22,920 (6.3) 4,138 (4.7)

White 426,587 (94.0) 342,501 (93.7) 84,086 (95.3)

Average total household income (£)

<18,000 104,696 (23.1) 85,619 (23.4) 19,077 (21.6)

18,000–30,999 116,336 (25.6) 91,256 (25.0) 25,080 (28.4)

31,000–51,999 117,769 (26.0) 94,472 (25.9) 23,297 (26.4)

52,000–100,000 90,343 (19.9) 73,781 (20.2) 16,562 (18.8)

>100,000 24,501 (5.4) 20,293 (5.6) 4,208 (4.8)

Obesity (%) 111,030 (24.5) 90,483 (24.8) 20,547 (23.3)

Physical activity (Min/Week)

<150 184,836 (40.7) 153,841 (42.1) 30,995 (35.1)

≥150 268,809 (59.3) 211,580 (57.9) 57,229 (64.9)

Current smoking (%) 48,396 (10.7) 42,595 (11.7) 5,801 (6.6)

Alcohol intake (times/week)

<1 139,549 (30.7) 115,251 (31.5) 24,298 (27.5)

1–2 117,466 (25.9) 95,206 (26.1) 22,260 (25.2)

3–4 105,022 (23.2) 82,919 (22.7) 22,103 (25.1)

>4 91,608 (20.2) 72,045 (19.7) 19,563 (22.2)

Minerals supplementation (%) 60,222 (13.3) 38,283 (10.5) 21,939 (24.9)

Fruit intake (pieces/day)

<2.0 161,936 (35.7) 137,628 (37.7) 24,308 (27.6)

2.0–3.9 218,450 (48.2) 171,995 (47.1) 46,455 (52.7)

≥4.0 73,259 (16.1) 55,798 (15.3) 17,461 (19.8)

Vegetable intake (tablespoons/day)

<2.0 28,455 (6.3) 25,084 (6.9) 3,371 (3.8)

2.0–3.9 129,515 (28.5) 107,350 (29.4) 22,165 (25.1)

≥4.0 295,675 (65.2) 232,987 (63.8) 62,688 (71.1)

Processed meat intake (times/week)

0 42,600 (9.4) 33,712 (9.2) 8,888 (10.1)

0–1 137,779 (30.4) 107,724 (29.5) 30,055 (34.1)

>1 273,266 (60.2) 223,985 (61.3) 49,281 (55.9)

Pork intake (times/week)

0 79,298 (17.5) 64,848 (17.7) 14,450 (16.4)

0–1 257,310 (56.7) 205,402 (56.2) 51,908 (58.8)

>1 117,037 (25.8) 95,171 (26.0) 21,866 (24.8)

Lambmutton intake (times/week)

0 81,655 (18.0) 66,771 (18.3) 14,884 (16.9)

0–1 256,877 (56.6) 205,673 (56.3) 51,204 (58.0)

>1 115,113 (25.4) 92,977 (25.4) 22,136 (25.1)

Beef intake (times/week)

0 51,003 (11.2) 41,338 (11.3) 9,665 (11.0)

0–1 206,216 (45.5) 164,433 (45.0) 41,783 (47.4)

>1 196,426 (43.3) 159,650 (43.7) 36,776 (41.7)

(Continued)
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TABLE 1 (Continued)

Characteristics Overall Glucosamine non-user Glucosamine user

Poultry intake (times/week)

0 23,599 (5.2) 19,241 (5.3) 4,358 (4.9)

0–1 48,508 (10.7) 39,445 (10.8) 9,063 (10.3)

>1 381,538 (84.1) 306,735 (83.9) 74,803 (84.8)

Aspirin use (%) 61,956 (13.7) 50,414 (13.8) 11,542 (13.1)

NSAIDS use (%) 52,813 (11.6) 43,898 (12.0) 8,915 (10.1)

Chondroitin use (%) 4,491 (1.0) 1,016 (0.3) 3,475 (3.9)

Vitamin use (%) 78,022 (17.2) 52,767 (14.4) 25,255 (28.6)

to observe the robustness of our results. R version 4.1.21 was
adopted for analysis in the present study and two-sided P-values
of <0.05 were considered statistically significant.

Results

Features of participants

A total of 453,645 participants aged 38–73 were enrolled
between 2006 and 2010 and followed up until March 2021.
Of the participants, 88,224 reported taking glucosamine
supplements habitually, while 365,421 reported no history
of regular glucosamine supplementation. The median age
of all participants was 57.00 years and 54.2% were female.
Additionally, 94% of the participants were white. Detailed
participant features at baseline are shown in Table 1.
Participants with regular glucosamine supplementation were
older and more likely to be female compared with non-
glucosamine users. In addition, they were more likely to
consume minerals, fish oil, and vitamins (such as vitamins A, B,
C, D, E, and B9) than participants without habitual glucosamine
supplementation.

Relationship between glucosamine
supplementation and cancer mortality

According to the results, we found that glucosamine
use was significantly associated with decreased mortality in
overall cancer (HR = 0.87, 95% CI = 0.83–0.92, p < 0.05),
kidney cancer (IRR = 0.65, 95% CI = 0.47–0.90, p < 0.05),
lung cancer (IRR = 0.68, 95% CI = 0.60–0.76, p < 0.05),
rectum cancer (IRR = 0.75, 95% CI = 0.58–0.96, p < 0.05).
These results were obtained from the basic model with age,
gender, ethnic background, and average total household income
adjusted (Figure 2A and Table 2). The model was then further
adjusted by obesity, physical activity, current smoking, alcohol
intake, minerals supplementation, fruit intake, vegetable intake,

1 www.r-project.org

processed meat intake, red meat intake, aspirin use, NSAIDS
use, chondroitin use, and vitamin use. With this model, we
noted that supplementation of glucosamine was related to lower
mortality for overall cancer (HR = 0.95, 95% CI = 0.90–1.00,
p < 0.05), kidney cancer (IRR = 0.68, 95% CI = 0.49–0.95,
p < 0.05), lung cancer mortality (IRR = 0.84, 95% CI = 0.74–
0.95, p < 0.05), and rectum cancer (IRR = 0.76, 95% CI = 0.59–
0.98, p < 0.05) (Figure 2B and Table 2).

Subgroup analysis

Several subgroup analyses were conducted to analyze
the potential effect modifications among the variables of
age, ethnicity, gender, smoking, diabetes, high cholesterol,
arthritis, and obesity. Significant association between habitual
supplementation of glucosamine and lower overall cancer
mortality was observed in participants who were aged ≥ 60 years
(HR = 0.92, 95% CI = 0.86–0.98, p < 0.05), male (HR = 0.90,
95% CI = 0.84–0.98, p < 0.05), current smoker (HR = 0.83, 95%
CI = 0.72–0.96, p < 0.05), without high cholesterol (HR = 0.94,
95% CI = 0.88–1.00, p < 0.05), and not obese (HR = 0.90, 95%
CI = 0.83–0.98, p < 0.05) (Figure 3A). We found that the use of
glucosamine was connected to lung cancer in those ≥ 60 years
(IRR = 0.80, 95% CI = 0.70–0.92, p < 0.05), white (IRR = 0.84,
95% CI = 0.74–0.95, p < 0.05), female (IRR = 0.76, 95%
CI = 0.64–0.90, p < 0.05), current smoker (IRR = 0.79, 95%
CI = 0.64–0.98, p < 0.05), without diabetes (IRR = 0.86,
95% CI = 0.76–0.97, p < 0.05), without arthritis (IRR = 0.82,
95% CI = 0.71–0.95, p < 0.05), and not obese (IRR = 0.79,
95% CI = 0.69–0.91, p < 0.05) (Figure 3B). Glucosamine
supplementation was related to prostate cancer mortality in
participants without diabetes (IRR = 0.76, 95% CI = 0.58–
0.98, p < 0.05) and without high cholesterol (IRR = 0.74, 95%
CI = 0.55–0.98, p < 0.05) (Figure 3C) and rectum cancer
mortality in participants who were white (IRR = 0.76, 95%
CI = 0.59–0.99, p< 0.05), males (IRR = 0.55, 95% CI = 0.38–0.81,
p < 0.05), without diabetes (IRR = 0.73, 95% CI = 0.56–0.96,
p < 0.05), without high cholesterol (IRR = 0.69, 95% CI = 0.52–
0.93, p < 0.05), and not obese (IRR = 0.67, 95% CI = 0.49–0.92,
p < 0.05) (Figure 3D). The association of glucosamine use with
the overall cancer mortality was stronger among participants
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FIGURE 2

The forest plot indicating the correlation of habitual use of glucosamine and cancer mortality. (A) Basic model adjusted by age, gender, ethnic,
and average total household. (B) Adjusted model performed via adjusting of age, gender, ethnic background, average total household income,
obesity, physical activity, current smoking, alcohol intake, minerals supplementation, fruit intake, vegetable intake, processed meat intake, red
meat intake, aspirin use, NSAIDS use, chondroitin use, and vitamin use.

who were more than 60 years (P for interaction = 0.01)
current smoker (P for interaction = 0.02) and not obese (P
for interaction = 0.02) (Figure 3). The connection between
glucosamine use and the rectum cancer mortality was stronger
among participants who were male (P for interaction = 0.03)
(Figure 3). No more finding was observed from subgroup
analysis of breast cancer (Figure 4A), colon cancer (Figure 4B),
esophagus cancer (Figure 4C), lymphoma hematopoietic cancer
(Figure 4D), and ovary cancer (Figure 4E).

Sensitivity analysis

The correlation between glucosamine supplementation and
cancer mortality did not change substantially after we removed

participants who took other supplements (Supplementary
Table 1). Moreover, when we removed the participants with
missing values for covariates, the conclusion were unchanged
(Supplementary Table 2). The results from our sensitivity
analysis indicated that the results we obtained were stable.

Discussion

Glucosamine is an amino sugar substance formed by
replacing one hydroxyl group of glucose with an amino group.
Endogenous glucosamine is synthesized in vivo through the
hexosamine biosynthesis pathway (HBP), and it occurs naturally
in most human tissues, with the highest levels being in healthy
cartilage (18). Glucosamine is one of the most commonly
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TABLE 2 Associations of glucosamine supplement use with cancer mortality.

Cancer type Glucosamine
non-users

Glucosamine
users

Basic model* Adjusted model#

HR/IRR (95% CI) P-value HR/IRR (95% CI) P-value

Overall cancer 7,600 (2.08) 1,766 (2.00) 0.87 (0.83–0.92) <0.01 0.95 (0.90–1.00) 0.05

Bladder cancer 224 (0.06) 45 (0.05) 0.78 (0.57–1.08) 0.13 0.86 (0.62–1.20) 0.38

Brain cancer 485 (0.13) 127 (0.14) 1.03 (0.84–1.25) 0.78 1.09 (0.89–1.34) 0.40

Breast cancer 365 (0.10) 110 (0.12) 1.01 (0.81–1.25) 0.96 1.03 (0.82–1.29) 0.79

Colon cancer 525 (0.14) 127 (0.14) 0.90 (0.74–1.09) 0.27 0.90 (0.74–1.11) 0.33

Connective softTissue
cancer

66 (0.02) 28 (0.03) 1.59 (1.02–2.50) 0.04 1.59 (1.00–2.52) 0.05

Esophagus cancer 495 (0.14) 98 (0.11) 0.82 (0.66–1.02) 0.07 0.94 (0.75–1.17) 0.58

HeadNeck cancer 116 (0.03) 16 (0.02) 0.65 (0.38–1.10) 0.10 0.70 (0.41–1.20) 0.19

Kidney cancer 255 (0.07) 43 (0.05) 0.65 (0.47–0.90) 0.01 0.68 (0.49–0.95) 0.02

Lung cancer 1,892 (0.52) 339 (0.38) 0.68 (0.60–0.76) <0.01 0.84 (0.74–0.95) 0.00

Lymphoma
hematopoietic cancer

718 (0.20) 211 (0.24) 1.07 (0.92–1.25) 0.38 1.13 (0.96–1.32) 0.15

Malignant melanoma
cancer

135 (0.04) 27 (0.03) 0.79 (0.52–1.20) 0.27 0.84 (0.55–1.28) 0.41

Ovary cancer 317 (0.17) 105 (0.19) 1.00 (0.80–1.25) 0.98 1.05 (0.83–1.32) 0.67

Prostate cancer 455 (0.26) 85 (0.25) 0.81 (0.64–1.02) 0.07 0.82 (0.65–1.05) 0.11

Rectum cancer 410 (0.11) 76 (0.09) 0.75 (0.58–0.96) 0.02 0.76 (0.59–0.98) 0.04

Skin cancer 20 (0.01) 4 (0.00) 0.78 (0.26–2.31) 0.65 0.97 (0.32–2.93) 0.96

Stomach cancer 271 (0.07) 61 (0.07) 0.89 (0.67–1.18) 0.41 0.96 (0.72–1.29) 0.81

Thyroid cancer 16 (0.00) 4 (0.00) 0.80 (0.27–2.42) 0.69 0.79 (0.26–2.46) 0.69

Uterus cancer 109 (0.06) 31 (0.06) 0.84 (0.56–1.25) 0.38 0.84 (0.56–1.27) 0.41

*Basic model: adjusted for age, gender, ethnicity, and average total household income.
#Adjusted model: adjusted for age, gender, ethnic background, average total household income, obesity, physical activity, current smoking, alcohol intake, minerals supplementation, fruit
intake, vegetable intake, processed meat intake, red meat intake, aspirin use, NSAIDS use, chondroitin use, and vitamin use

taken dietary supplements in Australia, and it is commonly
used to treat rheumatoid arthritis and osteoarthritis. The
substance can regulate a variety of signaling pathways and play
pharmacological roles in various diseases. However, the impact
of glucosamine supplementation on cancer mortality remains
unclear. Here we conducted a large prospective cohort study
with more than 450,000 participants enrolled from the UK
Biobank. We observed that glucosamine supplementation was
correlated with a 5% lower risk of overall cancer mortality,
32% lower risk of kidney cancer mortality, 16% lower risk of
lung cancer, and 24% lower risk of rectum cancer mortality.
Notably, the association between glucosamine use and lung
cancer mortality had previously been evaluated in this cohort
with similar results (11).

According to the research progress in vitro and in vivo,
glucosamine can interact with multiple molecular targets,
regulate multiple cell signaling pathways, and have great
therapeutic potential for various cancers (19). The anti-tumor
effects of glucosamine are mainly achieved by inhibiting
the proliferation of cancer cells and inducing apoptosis,
inducing autophagic death of cancer cells, reversing tumor
drug resistance, anti-tumor angiogenesis, and inhibiting the
expression of matrix metalloproteinases (20, 21).

Several epidemiologic studies have indicated that
glucosamine use is connected to cancer mortality. Bell et al.
reported that use of glucosamine was related to a significant
decreased risk of death from cancer in the United States (22).
Li et al. found that regular use of glucosamine was associated
with a lower cancer mortality in the United Kingdom (UK)
(10). Additionally, Brasky et al. observed that high 10-year
supplementation of glucosamine was related to decreased lung
cancer risk in the United States (23). Li et al. found that regular
glucosamine supplementation was associated with lower lung
cancer mortality in the UK population (11). In the present
study, we observed that glucosamine supplementation was
associated with a 16% lower risk of lung cancer mortality, which
was similar to the findings of Li et al. (11). Compared with Li
et al.’s study, we constructed cox and poission proportional
hazards models to explore the association between habitual use
of glucosamine and multiple cancer mortalities, not merely lung
cancer. We found that glucosamine supplementation was also
related to a 5% lower risk of overall cancer mortality, 32% lower
risk of kidney cancer mortality, 16% lower risk of lung cancer,
and 24% lower risk of rectum cancer mortality. Moreover,
although we did not find an association between glucosamine
use and other cancers among the general population, subgroup
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FIGURE 3

Subgroup analysis for (A) all cancers, (B) lung cancer, (C) prostate cancer, and (D) rectum cancer to analyze the potential modification effects
between age, ethnic background, gender, smoking, diabetes, high cholesterol, arthritis, and obesity.

analysis indicated that its supplementation was related to a
lower risk of mortality for prostate cancer in participants
without diabetes/cholesterol and rectum cancer mortality in
participants who were white, males, without diabetes, without
high cholesterol and not obese.

Several potential mechanisms may contribute to the
inverse relationship between habitual use of glucosamine and
cancer mortality. Glucosamine reduces the production of pro-
inflammatory factors by inhibiting the mRNA transcription
and/or protein expression of these pro-inflammatory factors,
thereby exerting anti-inflammatory and tumor-suppressive
effects (9). Additionally, glucosamine improves the resistance of
non-small cell lung cancer cells A549 to TRAIL by upregulating
the expression of DR5 (24). Furthermore, glucosamine blocks
the VEGF-VEGFR signaling pathway by inhibiting VEGF
mRNA expression, inhibiting tumor angiogenesis, and exerting
anticancer effects (25). Previous studies confirmed that
glucosamine inhibited the proliferation of human non-small
cell lung cancer A549 cells and inhibited the expression of
downstream transcription factors FoxO1 and FoxO3 (26).
Glucosamine also promotes NK cell differentiation through
the expression of CD3-CD56 + subsets, promotes T cell
differentiation through the expression of CD4 + subsets, induces
the secretion of IL-2 and IFN-γ, and activates NK cells and T

cells at the same time. Thus, exerting its immune regulation and
anti-tumor activity (25).

In addition, subgroup analysis indicated glucosamine use
was associated with lower overall cancer mortality among
participants who were aged ≥ 60 years, male, current smoker,
without high cholesterol and not obese. Further clarification
on the mechanisms of this association may be necessary.
Furthermore, a significant relationship between glucosamine
uses and lower risk of lung cancer mortality was observed
in those ≥ 60 years, white, female, current smoker, without
diabetes, without arthritis and not obese. The potential
explanation for stronger effect against cancer observed among
current smokers might be that those smoker are at a state of
higher inflammatory stress. Therefore, the anti-inflammatory
effect from glucosamine may provide stronger benefit.

Glucosamine and other supplements were often taken
together, which we hypothesized may affect the relationship.
Therefore, sensitivity analyses were conducted to detect
the correlation between glucosamine use alone (excluding
participants who took other supplementation) with
cancer mortality. We observed that the estimates did
not change significantly. In addition, when we excluded
the participants with missing values for covariates, the
conclusion did not substantially change, making it likely that
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FIGURE 4

Subgroup analysis for (A) breast cancer, (B) colon cancer, (C) esophagus cancer, (D) lymphoma hematopoietic cancer, and (E) ovary cancer to
analyze the potential modification effects between age, ethnic background, gender, smoking, diabetes, high cholesterol, arthritis, and obesity.

glucosamine supplementation may decrease cancer mortality
regardless of the use of other supplementation or missing
values for covariates.

Strengths and limitations

There were several major strengths of this study, including a
minimal loss of follow-up, a large sample size, and a population-
based prospective cohort study design. Additionally, the rich
information on socioeconomic factors, disease history, and
lifestyle allowed us to conduct a comprehensive subgroup
analysis. However, there were some limitations in our study.
First, there was no detailed information presented on the dose,
form, or duration of glucosamine use. Second, although we
carefully adjusted for potential confounders related to lifestyle in

our analysis, we could not remove the possibility that the results
we obtained were confounded by unmeasured factors related to
lifestyle. Third, this study evaluated glucosamine use and cancer
mortality in the UK. The UK uses a prescription grade formula
and the results we obtained may not be generalizable to other
populations that use over the counter formulations.

Conclusion

In conclusion, the present study indicated that regular
use of glucosamine supplements was significantly related to
decreased overall cancer, kidney cancer, lung cancer, and
rectum cancer mortality. Further pharmacological studies
are needed to increase our understanding of the potential
benefits of glucosamine.
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