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Background: The aim of this study was to examine the impact of a sulfur-containing diet and a CTH polymorphism (G1208T; 
rs1021737) on bone density.
Methods: A total of 200 Uyghur residents aged over 50 from Xinjiang, China, were recruited for this study. Fasting blood samples 
were collected from the participants to measure serum hydrogen sulfide (H2S) levels and perform CTH polymorphism sequencing. 
Dietary sulfur intake was assessed using a food frequency questionnaire and categorized into animal protein-derived and non-animal 
protein-derived sources. Skeletal health of the calcaneus was evaluated using quantitative ultrasound scanning.
Results: The study included a total of 200 participants, comprising 81 males and 119 females. Participants were stratified based on 
osteopenia status, with a T-score ≥ −1.0 indicating normal bone density and a T-score < −1.0 indicating osteopenia. Individuals in the 
osteopenia group exhibited significantly lower bone density markers, including broadband ultrasound attenuation (BUA) and speed of 
sound (SOS), as well as lower total weekly dietary sulfur intake and weekly dietary sulfur intake from animal protein. Additionally, 
they had significantly higher serum H2S levels compared to participants with normal bone density. However, no differences in CTH 
genotype were observed between the normal bone density group and the osteopenia group. Participants were further categorized into 
tertiles (Q1 to Q3) based on weekly dietary sulfur intake from animal protein. Compared to the Q1 group, the Q3 group showed 
significantly higher T-scores and BUA values. Binary logistic regression analysis revealed that, compared to the group with high 
weekly dietary sulfur intake from animal protein, the low and middle intake groups had 3.252 times and 4.330 times higher risks of 
osteopenia, respectively.
Conclusion: Dietary sulfur intake from animal protein may exert a protective effect on bone density.
Keywords: sulfur, hydrogen sulfide, CTH, gene polymorphism, bone mineral density

Introduction
Osteoporosis is a metabolic bone disease characterized by a reduction in bone mass and the deterioration of bone 
microarchitecture, resulting in increased bone fragility and a heightened risk of fractures. It is closely associated with 
aging, and the occurrence of complex fractures significantly contributes to increased mortality rates among the elderly.1 

Hydrogen sulfide (H2S), recognized as the third endogenous gaseous signaling molecule after carbon monoxide and nitric 
oxide, exerts a wide range of biological effects. In recent years, H2S has been identified as a key regulator in bone 
metabolism and osteoporosis. Specifically, H2S promotes osteogenic differentiation and stimulates mineralization;2 

inhibits osteoclast maturation and bone resorption;3 and enhances osteogenic differentiation while suppressing cellular 
aging in mesenchymal stem cells (MSCs).4 H2S donors have been shown to increase bone density in an ovariectomized 
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animal model,2 with similar results observed in an animal model of osteoporosis induced by hyperhomocysteinemia.5 

These studies highlight the potential role of H2S in the prevention and treatment of osteoporosis.
H2S in the human body is a byproduct of essential amino acid metabolism, primarily generated by the enzymatic 

activity of cystathionine beta-synthase (CBS), cystathionine gamma-lyase (CSE), and 3-mercaptopyruvate sulfurtrans
ferase (3-MST). The proper functioning of these enzymes is crucial for maintaining adequate endogenous H2 

S production. The CTH gene encodes CSE, and the single nucleotide polymorphism (SNP) c.1364G>T in exon 12 of 
CTH has been widely investigated in clinical research. This SNP has been linked to plasma total homocysteine levels in 
the Caucasian population, with individuals carrying the homozygous CTH 1364T/T genotype exhibiting significantly 
higher serum total homocysteine concentrations compared to those with other genotypes.6 The SNP c.1364G>T is 
cataloged in the NCBI SNP database under the reference number rs1021737. In the updated SNP database, rs1021737 is 
designated as CTH G1208T. Recent clinical studies have explored the relationship between CTH gene polymorphisms 
and cardiovascular diseases. Notably, a case–control study reported that the CTH G1208T polymorphism is associated 
with an increased risk of fatal myocardial infarction in women.7 Given the role of this gene in H2S metabolism, the CTH 
G1208T SNP may also play a significant role in the development of osteoporosis.

In humans, dietary sulfur is obtained from both organic and inorganic sources. Organic sulfur primarily originates 
from sulfur-containing amino acids, such as methionine, cysteine, and cystine, as well as other organic sulfur compounds 
found in foods like garlic and cruciferous vegetables. Through the enzymatic actions of CBS and CSE, L-cysteine 
contributes to the production of approximately 70% of endogenous H2S.8 According to reports, compounds such as 
diallyl trisulfide (DATS) and isothiocyanates could release H2S. These molecules are naturally present in edible garlic 
and cruciferous vegetables.9,10

To date, the influence of CTH gene polymorphisms and sulfur-containing diets on bone density, mediated through the 
regulation of endogenous H2S levels, remains unclear. This study aims to explore the effects of CTH gene polymorph
isms and sulfur-containing diets on serum H2S levels and bone density.

Materials and Methods
Participants
Between November 2016 and November 2019, a total of 200 Uyghur individuals aged over 50 years undergoing medical 
examinations were recruited from Atushi People’s Hospital in the Kezhou District of Xinjiang. The exclusion criteria 
included the presence of hypertension, diabetes, hyperlipidemia, coronary heart disease, stroke, acute or chronic kidney 
disease, rheumatoid arthritis, and long-term use of glucocorticoids. This study was conducted in accordance with the 
principles of the Helsinki Declaration and was approved by the Ethics Committee of Atushi People’s Hospital (Ethics 
Approval No. 201609001). Written informed consent was obtained from all participants prior to enrollment.

Parameters
The general information collected included the participants’ age, sex, height, and weight.

Determination of Serum H2S Level
Fasting blood samples were collected from participants, and the serum was stored at −80°C. The serum H2S levels were 
subsequently measured using the H2S ELISA Kit (TSZ, USA).

Investigation of Dietary Sulfur Intake
A previously developed food frequency questionnaire (FFQ), tailored to the dietary habits of Uyghur residents, was 
utilized in this study. The validity and reproducibility of the FFQ were assessed among 50 Uyghur participants. The FFQ 
encompassed seven food categories: staple foods, vegetables, animal-based foods, beans and their products, fruits, 
snacks, and beverages, comprising a total of 50 items. Food intake frequency was recorded on either a daily or weekly 
basis. Weekly dietary sulfur intake was calculated based on total food consumption and the sulfur content of each food 
item. To evaluate the effects of sulfur from different dietary sources on bone mass, dietary sulfur was categorized into 
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animal protein-derived sulfur and non-animal protein-derived sulfur. The former primarily originated from lamb, eggs, 
and milk.

Determination of Dietary Sulfur Content
The most consumed local foods in Xinjiang, as identified by the FFQ, were sent to the Comprehensive Technical Center 
of Zhenjiang Customs in Jiangsu Province for analysis. Following wet digestion, the sulfur content in the food samples 
was determined using ion chromatography (Dionex ICS-3000, Dionex, USA).

Bone Mass Measurements
The skeletal health of the calcaneus was assessed using a quantitative ultrasound scan (QUS) with a bone densitometer 
(Medilink, Pegasus, France). Two key parameters, broadband ultrasound attenuation (BUA) and speed of sound (SOS), 
were measured by the QUS. BUA reflects bone mineral density and structural characteristics of the bone, while SOS 
evaluates bone mineral density and elasticity. All measurements were performed using the same instrument and operated 
by a single investigator to ensure consistency. The QUS score was utilized to classify participants into bone health 
categories based on the World Health Organization diagnostic criteria: a T-score ≥ −1.0 indicated normal bone density, 
whereas a T-score < −1.0 indicated osteopenia.

CTH Polymorphism Sequencing
Fasting blood samples were collected in EDTA anticoagulation tubes and stored at −80°C. Prior to analysis, the samples 
were thawed and gently inverted 8–10 times to ensure thorough mixing. Subsequently, 300 μL of the sample was diluted 
with Ga buffer. Proteinase K was added, and the sample tube, pipette tip, and collection tube were placed in the 
designated positions of a preheated MagCore automated nucleic acid extractor. Genomic DNA was then extracted and 
purified, and its concentration was measured using a Nanodrop 2000 spectrophotometer.

Primers were designed near the G1208T site of the CTH gene (CTH G1208T); forward primer: 5’- 
GCTTTTGGATGGGGG-3’, reverse primer: 5’-TCAGGCGA AACATEGAGA-3’. For PCR amplification, the reaction 
mixture consisted of 2 μL of DNA sample, 0.5 μL of Taq polymerase, 1 μL of forward primer, 1 μL of reverse primer, 
5 μL of buffer, and 50 μL of ultrapure water. The amplification conditions were as follows: initial denaturation at 95°C 
for 5 minutes, followed by 35 cycles of denaturation at 95°C for 30 seconds, annealing at 56°C for 30 seconds, and 
extension at 72°C for 1 minute, with a final extension at 72°C for 5 minutes. The amplified products were subsequently 
sent for Sanger sequencing. PCR analysis of patient DNA extracts confirmed the presence of three expected genotypes in 
the study population: 1208GG, 1208GT, and 1208TT.

Statistical Analysis
Statistical analyses were performed using SPSS 23.0 software (IBM, USA), with a significance level set at P < 0.05. 
Continuous variables were presented as mean ± standard deviation for normally distributed data, and as median with 
interquartile ranges for skewed distributions. Categorical variables were expressed as percentages (%). Independent 
Student’s t-tests and ANOVA were used to compare continuous variables with normal distributions, while the Mann– 
Whitney U-test was applied for non-normally distributed continuous variables. Categorical variables were compared 
using the Chi-square test. Participants were categorized into tertiles (Q1 to Q3) based on total weekly dietary sulfur 
intake, weekly dietary sulfur intake from animal protein, and weekly dietary sulfur intake from non-animal protein. 
A binary logistic regression model was employed to estimate the odds of osteopenia across tertiles of weekly dietary 
sulfur intake, adjusting for age, sex, height, and weight.

Results
In this study, 200 Uyghur participants from southern Xinjiang were enrolled, comprising 81 males and 119 females, with 
a mean age of 58.90 ± 8.22 years. Based on T-scores, participants were categorized into a normal bone density group and an 
osteopenia group. Normal bone density was defined as a T-score ≥ −1.0, while osteopenia was defined as a T-score < −1.0.
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Our findings revealed that participants with osteopenia had significantly lower BUA, SOS, total weekly dietary sulfur 
intake, and weekly dietary sulfur intake from animal protein compared to those in the normal bone density group. 
Conversely, participants in the osteopenia group exhibited significantly higher age and serum H2S levels than those in the 
normal bone density group. No significant differences were observed between the two groups in terms of height, weight, 
body mass index, or CTH genotype (Table 1).

The sulfur content of the primary foods consumed by the sampled Xinjiang population is presented in Table 2. These 
foods included mutton, eggs, broccoli, and garlic. Among them, mutton, dried pepper, and garlic were identified as 
having the highest sulfur content.

Participants were further classified into tertiles (Q1 to Q3) based on total weekly dietary sulfur intake, with Q1, Q2, 
and Q3 representing low-, middle-, and high-sulfur intake groups, respectively. Compared to the low-sulfur intake group, 
participants in the high-sulfur intake group had significantly higher T-scores and BUA, suggesting that higher sulfur 
intake was associated with greater bone mineral density. However, there were no significant differences in serum H2 

S levels or CTH genotype among the groups (Table 3).
Participants were also stratified into tertiles (Q1 to Q3) based on weekly dietary sulfur intake from animal protein and 

non-animal protein. The high-sulfur intake from animal protein group exhibited significantly higher bone density 
markers, including T-score, BUA, and SOS, compared to the low-sulfur intake from animal protein group, and these 

Table 1 Characteristics of Participants Stratified by T Score

T score ≥ −1.0 T score < −1.0 P

N 121 79
Female (%) 78 (64.5%) 41 (51.9%) 0.081

Age (y) 57.96±8.22 60.84±7.95* 0.031

Height (cm) 165.16±6.87 164.52±6.28 0.510
Weight (kg) 72.64±11.61 70.95±13.09 0.392

BMI (kg/m2) 26.67±4.07 26.17±3.96 0.452

T value −0.10(−0.57, 1.14) −1.61(−2.13, −1.21)* 0.000
BUA (dB/MHz) 73.34(64.67, 87.59) 42.26(32.38, 48.19)* 0.000

SOS (m/s) 1372.62 (1342.81, 1407.93) 1339.68(1116.383, 1374.39)* 0.000

Serum H2S (pg/mL) 14.78(9.83, 19.91) 31.05(14.08, 52.01)* 0.000
Total weekly dietary sulfur intake (mg) 3202.60(2918.55, 3559.59) 2941.92(2389.05, 3243.36)* 0.000

Weekly dietary sulfur intake from animal protein 2340.13(2047.43, 2662.73) 2188.20(1499.21, 2444.58) 0.002

Weekly dietary sulfur intake from non-animal protein 826.05(730.35, 1036.35) 826.05(730.35, 916.55) 0.294
Gene

GG 62 48 0.354

GT 53 29
TT 6 2

Notes: Data are expressed as the mean ± standard deviation or median and interquartile ranges (IQRs) or %.* Refers that compare with normal, P < 0.05. 
Abbreviations: BMI, body mass index; BUA, broadband ultrasound attenuation; SOS, speed of sound; H2S, hydrogen sulfide.

Table 2 Sulfur Content of Main Food in Xinjiang

Food Sulfide (mg/kg) Food Sulfide(mg/kg)

Mutton 5.21×103 Celery 0.332×103

Egg 1.07×103 Leek 1.30×103

Milk 0.0383×103 Shallot 1.67×103

Carrot 0.163×103 Onion 1.02×103

Broccoli 1.01×103 Dry pepper 5.13×103

Chinese cabbage 0.801×103 Garlic 3.82×103

Pancake 0.957×103 Grape 0.0691×103
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differences were statistically significant (Table 4). In contrast, no significant differences in bone density markers, serum 
H2S levels, or CTH genotype were observed among groups classified by weekly dietary sulfur intake from non-animal 
protein.

Additionally, participants were stratified by CTH genotype into three groups: GG, GT, and TT. No significant 
differences in any measured parameters were found among these genotype groups.

To further investigate the association between weekly dietary sulfur intake from animal protein and the risk of 
osteopenia, a binary logistic regression model was constructed. The results indicated that the risk of osteopenia was 3.252 

Table 3 Characteristics of Participants Stratified by Total Weekly Dietary Sulfur Intake

Weekly Dietary Sulfur Intake Q1 Q2 Q3 P

N 67 67 66
Female (%) 45 (67.2%) 42(62.7%) 32(48.5%) 0.073

Age (y) 59.27±8.40 58.00±8.67 59.49±7.55 0.576

Height (cm) 164.97±6.15 164.63±5.14 165.30±6.79 0.841
Weight (kg) 71.95±12.09 73.32±13.18 70.85±10.87 0.557

BMI (kg/m2) 27.00±4.04 25.77±3.73 26.50±4.03 0.257

T value −0.86(−1.72, 0.11) −0.54(−1.20, 0.51) −0.10(−0.77, 0.52)* 0.005
BUA (dB/MHz) 53.94(38.40, 73.23) 64.41(47.82, 82.73) 70.72(61,76, 83,96)* 0.001

SOS (m/s) 1349.20(1292.66, 1400.05) 1364.87(1331.89, 1399.92) 1374.99(1347.78,1405.53)* 0.050
Serum H2S (pg/mL) 19.35(11.55, 43.70) 16.10(9.71, 26.60) 15.70(9.35, 24.33) 0.152

Gene

39 35 36 0.709
27 29 26

1 3 4

Notes: Data are expressed as the mean ± standard deviation or median and interquartile ranges (IQRs) or %. 
Abbreviations: BMI, body mass index; BUA, broadband ultrasound attenuation; SOS, speed of sound; H2S, hydrogen sulfide. Weekly sulfide intake was 
divided into tertilesQ1: total weekly dietary sulfur intake <= 2918.55 mg, Q2: 2918.55 mg < total weekly dietary sulfur intake < 3354.40 mg, Q3: total weekly 
dietary sulfur intake ≥ 3354.40 mg.* Refers that compare with Q1, P < 0.05.

Table 4 Characteristics of Participants Stratified by Weekly Dietary Sulfur Intake from Animal Protein

Weekly Dietary Sulfur INTAKE  
from Protein

Q1 Q2 Q3 P

N 67 72 61

Female (%) 43 (64.2%) 47(65.3%) 29(47.5%) 0.073
Age (y) 60.55±7.73 56.14±8.43#^ 60.04±7.89 0.006

Height (cm) 164.83±6.11 164.64±5.50 165.41±6.45 0.776

Weight (kg) 71.91±12.29 73.02±12.92 71.30±11.15 0.747
BMI (kg/m2) 26.92±3.91 26.92±4.47 25.89±3.64 0.367

T value −0.79(−1.61, −0.26) −0.67(−1.54, 1.18) −0.25(−0.77, 0.42)* 0.006
BUA (dB/MHz) 55.92(39.57, 71.61) 60.32(445.27, 86.72) 70.69(59.42, 84.71)* 0.003

SOS (m/s) 1349.46(1316.58, 1396.04) 1364.87(1326.86, 1402.06) 1373.73(1350.13,1408.72)* 0.039

Serum H2S (pg/mL) 16.38(11.46, 41.19) 18.13(11.66, 28.96) 14.70(8.46, 23.98) 0.243
Gene

GG 37 41 32 0.673

GT 29 28 25
TT 1 3 4

Notes: Data are expressed as the mean ± standard deviation or median and interquartile ranges (IQRs) or %. 
Abbreviations: BMI, body mass index; BUA, broadband ultrasound attenuation; SOS, speed of sound; H2S, hydrogen sulfide. Weekly sulfide intake was divided into tertiles, 
Q1: weekly dietary sulfur intake from animal protein <= 2122.30 mg, Q2: 2122.31 mg < weekly dietary sulfur intake from animal protein < 2509.20 mg, Q3: weekly dietary 
sulfur intake from animal protein ≥ 2509.20 mg. * Refers that compare with Q1, P < 0.05.
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times higher in the low-sulfur intake from animal protein group and 4.330 times higher in the middle-sulfur intake from 
animal protein group compared to the high-sulfur intake from animal protein group (Table 5).

Discussion
In this study, we found that both total weekly sulfur intake and weekly sulfur intake from animal protein were 
significantly higher in individuals with normal bone density compared to those with osteopenia among Uyghur residents. 
Conversely, serum H2S levels were significantly lower in individuals with normal bone density than in those with 
osteopenia. When total weekly sulfur intake and weekly sulfur intake from animal protein were categorized into tertiles, 
the T-scores and BUA of the Q3 groups were significantly higher than those of the Q1 groups. Further logistic regression 
analysis revealed that the risk of osteopenia was 3.252 times higher in the low-sulfur intake from animal protein group 
and 4.330 times higher in the middle-sulfur intake from animal protein group compared to the high-sulfur intake from 
animal protein group. These findings suggest that sulfur intake from animal protein is a significant predictor of 
osteopenia.

We observed elevated serum H2S levels in participants with osteopenia. This finding aligns with previous studies, 
which have demonstrated that serum H2S levels are influenced by various pathological conditions. In low-grade 
inflammatory diseases, such as hypertension and type 2 diabetes, serum H2S levels are typically reduced. In contrast, 
conditions such as multiple myeloma, acute myocardial infarction, and chronic obstructive pulmonary disease are 
associated with increased serum H2S levels.11 Elevated Serum H2S Levels in Chinese Han Patients with Osteoporosis 
or Osteopenia,12 consistent with our results. In patients with acute myocardial infarction and chronic obstructive 
pulmonary disease, the elevation in serum H2S levels may serve as a compensatory mechanism to mitigate the extensive 
damage induced by the rapid activation of oxidative stress and pro-inflammatory pathways.13,14 Oxidative stress and 
inflammation are known to precede the development of osteoporosis. On the other hand, H2S, as a gaseous molecule, 
exhibits “Janus - faced”. At physiological concentrations, H2S generally plays a protective role against oxidative stress 
and inflammation. However, elevated levels of H2S especially under pathophysiological conditions can lead to increased 
oxidative stress.15 The increased serum H2S levels observed in patients with osteopenia may also reflect a disruption of 
systemic homeostasis and contribute to further bone loss.The relationship between elevated serum H2S levels and 
reduced bone mass remains to be further elucidated.

Dietary sulfur is primarily derived from sulfur-containing amino acids and organic sulfides, with sulfur-containing 
amino acids predominantly found in animal-based proteins. Our findings indicate that participants with higher sulfide 
intake from animal protein exhibited greater bone density, whereas those with lower sulfide intake from animal protein 
faced an increased risk of osteopenia. Both dietary intake of sulfur-containing amino acids and their levels in blood 
serum are closely associated with skeletal health. A clinical study investigating the relationship between dietary protein 
intake and the risk of hip fracture in the Han Chinese population revealed that women with higher sulfur-containing 
amino acid intake had a significantly reduced risk of hip fracture. Furthermore, the protective effect of sulfur-containing 
amino acids against fractures was more pronounced in individuals with a lower body mass index and a dietary calcium 

Table 5 Binary Logistic Regression, Adjusted Relationships of Weekly Dietary Sulfur Intake 
from Animal Protein Tertiles with Osteopenia Among Participants

OR (95% CI) P

Osteopenia

Weekly dietary sulfur intake for protein

Q1 3.252 (1.331–7.946) 0.010
Q2 4.330 (1.698–11.043) 0.002

Q3 Reference Reference Reference

Notes: Adjusted for age, sex, and weight. Weekly sulfide intake from animal protein was divided into tertiles, Q1: 
weekly dietary sulfur intake from animal protein <= 2122.30 mg, Q2: 2122.31 mg < weekly dietary sulfur intake from 
animal protein < 2509.20 mg, Q3: weekly dietary sulfur intake from animal protein ≥ 2509.20 mg. The normal bone 
mass is defined as T-score> −1.0, osteopenia is defined as T-score < −1.0.
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intake below 400 mg/day.16 A three-year prospective study examined the association between dietary protein intake and 
changes in bone mass. The study identified a positive correlation between methionine and cysteine levels and femoral 
neck bone density, with regression coefficients of 1.59 ± 0.79 and 3.82 ± 1.30, respectively.17 In Singaporean Chinese 
menopausal women, a positive correlation was observed between femoral neck bone density and serum methionine 
levels.18 Similarly, a clinical study conducted in Japan found that women with low estrogen levels and low bone mass 
had significantly lower serum cysteine levels compared to those in the normal bone mass control group.19 Two 
metabolomics studies have also reported a positive correlation between serum homocysteine concentrations and bone 
mass in Caucasian women and postmenopausal women.20,21 A study investigating the effects of a methionine-restricted 
(MR) diet found that 14 weeks of MR in mice led to a reduction in femoral length and diameter, as well as a decrease in 
bone density, compared to the normal diet group. These findings suggest that methionine plays a positive role in bone 
growth.22 This is further supported by in vitro evidence: supplementation with lysine, serine, methionine, or tryptophan 
enhanced cell growth and alkaline phosphatase activity in primary osteoblasts derived from newborn Sprague-Dawley 
rats. Additionally, a reduced level of collagen synthesis was observed, contributing to bone formation.23 Increased 
methionine intake has been shown to enhance cartilage formation in ovariectomized rats and to inhibit the development 
of osteoclasts in monocytes.24 However, excessive methionine intake can result in hyperhomocysteinemia, which 
negatively impacts bone microstructure and disrupts collagen regulation in the bone matrix.25 A recent study demon
strated that RUNX2, a key transcription factor for the osteoblast lineage, decreased under both methionine depletion and 
excessive supplementation. This suggests the existence of an optimal range of methionine concentration for osteoblast 
differentiation.26 Therefore, it is essential to determine the optimal level of protein intake to promote bone health.

Currently, there is limited research on the impact of diet on endogenous H2S levels. However, in biological models such 
as yeast, fruit flies, and Caenorhabditis elegans, the effects of dietary restriction (DR) and MR on stress response and 
lifespan have attracted considerable attention. Both DR and MR have been shown to confer beneficial effects, partly 
through the regulation of endogenous H2S levels. DR promotes H2S biosynthesis by upregulating the reverse transsulfura
tion pathway,27 while MR increases hepatic H2S production.28 Additionally, a high-salt diet reduces renal CBS expression 
and endogenous H2S production in rats,29 while a high-fat diet decreases the ability of mice to synthesize H2S.30 Organic 
sulfides derived from the Allium and Brassica genera have the potential to act as natural donors of H2S. Notably, 
intracellular H2S can be detected in cultured cells treated with oils extracted from these plants.31 In addition, DATS 
modulates H2S levels in animal blood and cardiac tissues,32 while organic sulfides also influence the activity of endogenous 
H2S metabolic enzymes.33 Recently, a self-spray coating system based on DATS has been reported to possess foaming 
capabilities. This system produces nano-sized micelle particles within the colorectal lumen, which are subsequently 
internalized by colonic epithelial cells, leading to the production of H2S.34 Our study aimed to investigate whether dietary 
sulfur influences the skeleton by modulating endogenous H2S levels. Dietary sulfur intake from animal and non-animal 
protein sources was divided into tertiles, but no significant differences in serum H2S levels were observed among the 
groups. Previous research indicates that the relationship between diet and endogenous H2S production is highly complex. 
For example, certain dietary patterns, such as DR and MR, have been shown to enhance endogenous H2S levels, whereas 
other dietary factors, such as high salt and high fat intake, suppress H2S production. Organic sulfides from Allium and 
Brassica genera have been reported to increase endogenous H2S levels, although this effect has so far been demonstrated 
only in animal studies. Additional clinical research is needed to clarify the effects of specific dietary patterns or components 
on endogenous H2S production. Given that dietary sulfur primarily originates from sulfur-containing amino acids, the 
protective effects of dietary sulfur on the skeleton observed in this study are likely attributable to protein intake rather than 
endogenous H2S production.

We further aimed to investigate the impact of a SNP in a gene involved in H2S metabolism on bone health. H2 

S-metabolizing enzymes are expressed in bone tissue and play a role in bone metabolism. CBS, CSE, and 3-MST are all 
expressed in MSCs, with CBS and CSE contributing to H2S production and promoting osteogenic differentiation in 
MSCs.35 CSE is the primary regulator of H2S production in MSCs. Knockout or inhibition of the CSE gene results in 
reduced alkaline phosphatase activity and impaired mineralized nodule formation in bone marrow-derived MSCs.36 CBS 
and CSE are expressed in rat osteoblasts and contribute to the production of H2S, with approximately 70% of H2 

S derived from CSE activity. In mouse osteoblasts, CSE is the primary enzyme responsible for H2S production, whereas 

International Journal of General Medicine 2025:18                                                                             https://doi.org/10.2147/IJGM.S522804                                                                                                                                                                                                                                                                                                                                                                                                   2907

Fang et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



CBS plays a less significant role. Elevated CSE-mediated H2S production in osteoblasts has been shown to enhance 
alkaline phosphatase activity, promote calcium nodule formation, and increase matrix protein expression, thereby 
facilitating bone formation.37 CSE-derived H2S promotes bone remodeling by increasing both the number and activity 
of osteoclasts. While knockout of the CSE gene results in a reduction in osteoclast number and activity, this impairment 
can be mitigated through supplementation with H2S donors.38 These findings suggest that CSE plays a critical regulatory 
role in maintaining H2S levels within bone tissue. Genetic defects or abnormal expression of CSE significantly impact 
bone formation and remodeling processes, potentially leading to skeletal damage. However, our study found no 
differences in the rs1021737 genotypes between patients with normal bone density and those with osteopenia. 
Similarly, no significant differences in bone mass or serum H2S levels were observed among the different rs1021737 
genotype groups. While the CTH rs1021737 polymorphism has shown potential as a target for mechanistic research and 
therapeutic intervention in cardiovascular diseases,39 previous studies have not identified an association between CTH 
rs1021737 and other conditions, such as preeclampsia or primary hypertension.40,41 The expression of CSE plays 
a critical role in regulating bone metabolism by influencing H2S production; however, it is not the sole enzyme involved 
in H2S synthesis. Consequently, compensatory effects from other H2S-producing enzymes may occur in the human body 
in response to CSE loss-of-function mutations.

Our study has several limitations. First, we utilized ion chromatography to measure the sulfur content in the diet; 
however, this method does not allow for differentiation between sulfur derived from various dietary components. Second, 
this is a preliminary study with a relatively small sample size. Third, the cross-sectional design of our study precludes the 
establishment of a causal relationship between dietary sulfur intake and bone mass. Lastly, participants were selected 
from a health examination cohort, and bone mass was assessed using QUS, which may have lower precision compared to 
dual-energy X-ray absorptiometry.

Conclusion
In this clinical study investigating the association between CTH gene polymorphisms and dietary sulfur intake with bone 
density, we identified significant associations between dietary sulfur derived from animal protein and bone density 
maintenance. However, no such associations were observed for CTH SNPs. These findings suggest that a diet rich in 
sulfur from animal protein may play a preventive role in osteoporosis.
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