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Background: Maresin 1 plays a role in the regulation of inflammation and metabolic

diseases in vivo. An increasing number of studies have reported that postmenopausal

osteoporosis (PMOP) is associated with inflammation. However, the potential relationship

between the serum Maresin 1 content and PMOP is unclear.

Aims: 1) To evaluate the Maresin 1 content in postmenopausal women with osteopenia,

osteoporosis, or without these conditions (normal group) and 2) to analyze the

correlations between Maresin 1 concentrations and bone mineral density (BMD) and

bone turnover markers.

Methods: In this cross-sectional study, we measured serum Maresin 1 concentrations,

serum biochemical parameters, markers of bone metabolism, and BMD of the femoral

neck, lumbar spine, and hip in 141 postmenopausal women.

Results: We found that serum Maresin 1 in the osteopenia (140.09 ± 30.54 pg/ml)

and PMOP (124.68 ± 31.35 pg/ml) groups were significantly lower than those in the

normal group (167.38 ± 24.85 pg/ml) (P < 0.05 and P < 0.001). Serum Maresin 1 levels

were positively correlated with femoral neck, lumbar spine, and hip BMD (P < 0.001).

Meanwhile, Maresin 1 concentrations were positively associated with 25-hydroxyvitamin

D [25(OH)D] levels (P < 0.001), but negatively correlated with β-CrossLaps of type 1

collagen containing cross-linked C-telopeptide (β-CTX) (P = 0.002), procollagen type

I amino-terminal propeptide (PINP) (P = 0.004), tartrate-resistant acid phosphatase

5b (TRAP-5b) (P = 0.005), and osteocalcin (OC) levels (P = 0.001). Multivariate

logistic regression analysis showed that a decrease in Maresin 1 concentration was still

associated with osteopenia (P = 0.035) or PMOP (P = 0.016). Maresin 1 levels had a

maximum area under curve of 0.820 for osteopenia and 0.746 for PMOP (P < 0.001).

Our results showed that the serum Maresin 1 levels were reduced in osteopenia and

PMOP patients compared with that in normal subjects, and were the lowest in the PMOP

subjects. The results suggest that Maresin 1 may serve as a new non-invasive diagnostic

biomarker for PMOP.

Keywords: postmenopausal osteoporosis (PMOP), bone mineral density (BMD), bone metabolism, Maresin 1,

cross-sectional study
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INTRODUCTION

Osteoporosis (OP) is a metabolic skeletal disorder characterized
by decreased bone mineral density (BMD) and an increased
risk of fracture due to abnormal bone microstructure (1). It is
usually characterized by excruciating pain and an increased risk
of fracture. According to a recent epidemiological study, OP is
the cause of∼1,000 fractures per hour worldwide and∼9 million
fractures annually (2). OP results in a decreased quality of life
and an increased incidence of disability and mortality, which is
associated with an increased economic burden on society (3, 4).
Postmenopausal osteoporosis (PMOP) is the most common type
of primary OP (5). The incidence of osteoporosis in women over
60 is nearly 50%, and with the aging of the global population, the
incidence of PMOP is expected to increase rapidly. As a result, the
bone health of postmenopausal women deserves close attention
(6, 7).

As a chronic disease, there is a need to search for and
identify further potential biochemical markers for PMOP.
Protective biomarkers play an important role in predicting
disease occurrence, prognosis, and treatment, and can improve
safety and reduce economic costs compared with imaging
examinations. However, there is currently a lack of research on
protective biomarkers of PMOP. Therefore, the identification
of potential novel protective biomarkers of PMOP is needed.
Recent studies have demonstrated that inflammation can disrupt
bone metabolism and increase bone loss, which is an important
cause of PMOP (8). It has been shown that pro-inflammatory
factors, such as interleukin-1 (IL-1), interleukin-6 (IL-6), and
tumor necrosis factor-α (TNF-α), play important roles in PMOP
(9). Estrogen deficiency can lead to the activation of nuclear
factor κB (NF-κB) signaling in osteoclasts, thereby increasing
bone resorption (10).

Maresin 1 is a lipid molecule synthesized in macrophages
by an omega-3 polyunsaturated fatty acid, docosahexaenoic acid
(DHA), and has been identified as a new type of inflammatory
mediator (11). Multiple studies have demonstrated that Maresin
1 can control the inflammatory response by inhibiting neutrophil
infiltration, downregulating the production of pro-inflammatory
mediators, inhibiting the activation of NF-κB, improving
Treg/Th17 imbalance, and alleviating endoplasmic reticulum
stress (12–16). Notably, studies have also recently revealed that
Maresin 1 plays an important role in obesity (17), non-alcoholic
fatty liver disease (18), and type 2 diabetes (19), suggesting a
significant relationship betweenMaresin 1 andmetabolic disease.

In addition, studies have suggested that eating foods rich
in DHA can improve bone metabolism, increase bone mass,
and reduce the risk of PMOP (20, 21). It is not clear whether

Abbreviations: OP, osteoporosis; BMD, bone mineral density; PMOP,

postmenopausal osteoporosis; DHA, docosahexaenoic acid; FPG, fasting

plasma glucose; TC, total cholesterol; TG, triglyceride; HDL-c, high-density

lipoprotein-cholesterol; LDL-c, low-density lipoprotein-cholesterol; PTH,

parathyroid hormone; 25(OH)D, 25-hydroxyvitamin D; β-CTX, β-CrossLaps of

type 1 collagen containing cross-linked C-telopeptide; PINP, procollagen type

1 N-terminal propeptide; TRAP-5b, tartrate-resistant acid phosphatase 5b; OC,

osteocalcin; BMD, bone mineral density; FN, femoral neck; L1-4, lumbar vertebra

1-4; ROC, receiver operating characteristic; AUC, area under curve.

TABLE 1 | Clinical and laboratory characteristics of the study subjects.

Parameter NC Osteopenia PMOP

No. of subjects 33 48 60

Age (years) 56.3 (52–58.5) 57.4 (56–59) 57.72 (55–60)

BMI (kg/m2) 23.19

(20.76–25.26)

23.73

(21.07–25.37)

22.93

(20.64–25.34)

Waist (cm) 79.85 ± 9.98 81.33 ± 7.81 79.30 ± 9.34

FPG (mmol/L) 4.94 ± 0.35 4.94 ± 0.43 4.98 ± 0.39

Serum

TC (mmol/L) 5.00 ± 0.81 5.26 ± 0.95 5.13 ± 1.03

TG (mmol/L) 1.10 (0.84–1.50) 1.29 (0.99–1.73) 1.24 (0.91–2.03)

HDL-C (mmol/L) 1.52 ± 0.41 1.50 ± 0.32 1.56 ± 0.35

LDL-C (mmol/L) 3.20 ± 0.79 3.32 ± 0.96 3.06 ± 0.80

Ca (mmol/L) 2.38 ± 0.09 2.34 ± 0.07a 2.34 ± 0.07b

P (mmol/L) 1.26 ± 0.17 1.30 ± 0.14 1.30 ± 0.13

PTH (pg/ml) 28.63

(26.64–31.20)

30.21

(28.66–32.43) a
31.02

(29.32–33.73)b

25(OH)D (ng/ml) 31.34 ± 3.67 31.15 ± 2.82 29.14 ± 3.52bd

β-CTX (ng/ml) 0.43 ± 0.08 0.48 ± 0.07b 0.51 ± 0.08b

PINP (ng/ml) 42.87 ± 4.60 44.67 ± 3.71 51.79 ± 4.34bd

TRAP-5b (U/L) 4.26 ± 0.31 4.87 ± 0.44b 4.88 ± 0.43b

OC (ng/ml) 15.06 ± 1.95 15.22 ± 1.94 16.08 ± 1.86ac

Maresin 1

(pg/ml)

167.38 ± 24.85 140.09 ± 30.54b 124.68 ±

31.35bd

BMD (g/cm2)

FN 0.93 ± 0.05 0.83 ± 0.05 b 0.75 ± 0.05bd

L1-4 1.15 ± 0.08 0.98 ± 0.09b 0.87 ± 0.10bd

Hip 0.98 ± 0.07 0.88 ± 0.08b 0.78 ± 0.10bd

Normally distributed data are presented as the mean ± SD, data that are not normally

distributed data are shown as the median (interquartile range).

NC, normal; PMOP, postmenopausal osteoporosis; BMI, body mass index; FPG, fasting

plasma glucose; TC, total cholesterol; TG, triglyceride; HDL-c, high-density lipoprotein-

cholesterol; LDL-c, low-density lipoprotein-cholesterol; PTH, parathyroid hormone;

25(OH)D, 25-hydroxyvitamin D; β-CTX, β-CrossLaps of type 1 collagen containing cross-

linked C-telopeptide; PINP, procollagen type 1 N-terminal propeptide; TRAP-5b, tartrate-

resistant acid phosphatase 5b; OC, osteocalcin; BMD, bone mineral density; FN, femoral

neck; L1-4, lumbar vertebra 1-4.
aP< 0.05 comparedwith Normal. bP< 0.01 comparedwith Normal. cP< 0.05 compared

with Osteopenia. dP < 0.01 compared with Osteopenia.

Maresin 1, a metabolite of DHA, can affect bone metabolism.
In recent years, Maresin 1 has been demonstrated to affect
bone metabolism. Recent studies have shown that Maresin 1 can
increase osteoblast differentiation by changing the macrophage
phenotype (19, 22). In addition, because Maresin 1 has a strong
anti-inflammatory effect and can inhibit the expression of NF-
κB, it may affect RANKL-RANK signaling and downregulate
osteoclastogenesis (23–25). This indicates that there is a potential
relationship between Maresin 1 and PMOP, which requires
further study.

At present, studies on the potential relationship between
serum Maresin 1 levels and PMOP disease progression are
lacking. To address this, we investigated the expression of
Maresin 1 in the serum of postmenopausal patients with non-
osteoporosis, low bone mass, and osteoporosis to explore the
correlation between Maresin 1 levels and the disease severity of
PMOP in this study.
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FIGURE 1 | Scatter plots of serum Maresin 1 concentration of subjects with

different BMD. Each data point represents a serum sample, with the median

line of the horizontal line for each dataset representing the mean, and the

boundaries of the vertical line representing the SD. ***P < 0.001 compared

with NC; **P < 0.05 compared with osteopenia.

MATERIALS AND METHODS

Study Subjects
Postmenopausal women aged 50–70 years who had been
postmenopausal for at least 3 years were included in our
study. A total of 141 postmenopausal women were enrolled,
including 33 healthy subjects (NC), 48 osteopenia patients, and
60 osteoporosis patients (PMOP). OP was defined by BMD levels
according to the World Health Organization (WHO) diagnostic
criteria (26). The subjects were grouped according to their T-
score: NC (T-score > −1), osteopenia (−2.5 > T-score > −1),
and PMOP (T-score < −2.5).

The exclusion criteria were as follows: (1) suffering
from chronic diseases, including diabetes, hypertension,
hyperparathyroidism, and gastritis; (2) a history of smoking and
drinking; (3) after hysterectomy and oophorectomy; and (4)
women who received any drugs affecting bone metabolism in the
last 6 months, including antibiotics, cortisol-like hormones, and
anti-OP treatment.

The study was approved by the Ethics Committee of
the Affiliated Hospital of Southwest Medical University
and registered online (Clinical Trial Register No.
ChiCTR2100045168) according to the Declaration of
Helsinki. All subjects provided written informed consent
prior to participation.

Clinical Parameters
The subjects completed a written health questionnaire at the start
of the study, including information on their age, menopausal
status, medical history, smoking history, history of alcohol use,
drug use status in the past 6 months, and the occurrence of
radiographically confirmed low traumatic fracture (27). The
subjects’ height, weight, waist circumference, and fasting plasma
glucose (FPG) were measured, and their body mass index (BMI)
was calculated based on the height and weight (kg/m2). Weight

(kg) was measured to the nearest 0.1 kg, and height and waist
(cm) were measured to the nearest 0.1 cm.

Laboratory Tests
Blood samples were collected between 8:00 and 10:00 a.m.
after an overnight fast (>8 h). These were then centrifuged
for 20min (2,000–3,000 rpm), and the supernatant was
carefully collected (28). Total cholesterol (TC), triglyceride
(TG), high-density lipoprotein cholesterol (HDL-C), low-
density lipoprotein cholesterol (LDL-c), Ca, and P were
detected using a biochemical autoanalyzer (Beckman CX-
7 Biochemical Autoanalyzer; Beckman Coulter, Brea, CA,
USA), and the 25(OH)D levels were assessed by DiaSorin
radioimmunoassay (DiaSorin Inc., Stillwater, MN, USA). Intact
parathyroid hormone (PTH) and β-CrossLaps of type 1 collagen
containing cross-linked C-telopeptide (β-CTX), procollagen type
1 N-terminal propeptide (P1NP), and osteocalcin (OC) were
measured using an automated Roche electrochemiluminescence
system (Roche Diagnostic GmbH, Mannheim, Germany).
Tartrate-resistant acid phosphatase 5b (TRAP-5b) was measured
using the tartrate resistant acid phosphatase assay kit (Beyotime,
Shanghai, China).

Assessment of Serum Maresin 1 Levels
The serumMaresin 1 content was determined by ELISA (Maresin
1 ELISA kit; Cayman Chemical, Ann Arbor, MI, USA). The intra-
and inter-assay variations in serum Maresin 1 evaluation were
4–6% and 6–8%, respectively. Each sample was tested three times,
and the results were averaged.

BMD Measurements
The BMD (g/cm2) of the left femoral neck (FN), lumbar vertebra
1–4 (L1-L4), and total hip were measured using DXA (Hologic
QDR 4500; Hologic Inc., Waltham, MA, USA). The lunar device
was calibrated daily. All scans and analyses were performed by
the same technician throughout the study.

Statistical Analysis
For continuous variables, the normal distribution data were
expressed as the mean ± standard deviation (SD), while the
non-normal distribution data were described as the median and
quaternary ranges. The Kolmogorov-Smirnov test was used to
check for normal distribution. Several variables were represented
as a skewness distribution and were placed into a normal
distribution through a logarithmic transformation of the data
before statistical analysis. One-way ANOVA with Tukey’s post-
hoc test was performed for multiple comparisons. The Pearson
correlation coefficient was used to analyze the correlations
between the serum Maresin 1 levels and the bone metabolism
indices or BMD. Multivariate logistic regression analyses were
used to analyze the relationship between the serum Maresin 1
concentration and osteopenia and PMOP. Receiver operating
characteristic (ROC) curve analysis was used to determine the
area under the curve (AUC), diagnostic sensitivity, and specificity
of Maresin 1. All statistical analyses were performed using Stata
23.0 (StataCorp LP, College Station, Texas, USA). A two-sided
P < 0.05, was considered statistically significant.
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FIGURE 2 | Correlation of Maresin 1 concentration with bone metabolism. (A) Association of serum Maresin 1 levels with serum 25(OH)D levels. (B) Association of

serum Maresin 1 levels with β-CTX serum levels. (C) Association of serum Maresin 1 levels with serum PINP levels. (D) Association of serum Maresin 1 levels with

serum TRAP-5b levels. (E) Association of serum Maresin 1 levels with serum OC levels.

FIGURE 3 | Correlation of Maresin 1 concentration with BMD. (A) Association of serum Maresin 1 levels with femoral neck BMD. (B) Association of serum Maresin 1

levels with lumbar spine BMD. (C) Association of serum Maresin 1 levels with hip BMD.

RESULTS

Baseline Characteristics
The clinical and laboratory characteristics of the subjects are

presented in Table 1. Age, BMI, waist circumference, FPG, TC,

TG, HDL-c, and LDL-c levels were not significantly different

among the three groups (P > 0.05).
In terms of the bone metabolism parameters, Ca was

significantly higher in osteopenia and PMOP patients than

in NC subjects (P < 0.05 and P < 0.01, respectively). The
serum P-levels were not significantly different among the three

groups (P > 0.05). The PTH levels were significantly higher in
osteopenia and PMOP patients than in NC subjects (P < 0.05,
P < 0.01, respectively). 25(OH)D was significantly reduced in
PMOP patients compared with NC (P < 0.01) and osteopenia
patients (P < 0.01), while no significant difference was found
between the osteopenia and NC groups (P > 0.05). β-CTX was
significantly higher in the osteopenia and PMOP patients than
in the NC subjects, and was the highest in PMOP (P < 0.01).
Meanwhile, PINPwas significantly higher in patients with PMOP
than in those with osteopenia (P < 0.01) and NC subjects
(P < 0.01). The levels of TRAP-5b were significantly higher
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TABLE 2 | Multivariate logistic regression analysis with serum Maresin 1 levelsa.

Serum Maresin 1 (pg/ml)

Odds ratio (OR) 95% CI P-value

Osteopenia 0.807 0.660–0.985 0.035

PMOP 0.781 0.638–0.955 0.016

CI, confidence interval; PMOP, postmenopausal osteoporosis.
aMain model is adjusted for age, BMI, Waist, FPG, TC, TG, HDL-C, LDL-C, Ca, P, PTH,

25(OH)D, β-CTX, PINP, TRAP-5b, OC.

in the osteopenia and PMOP patients than in the NC subjects
(P < 0.01). OC was significantly higher in patients with PMOP
than in those with osteopenia (P < 0.05) and the NC subjects (P
< 0.05).

As for the BMD parameters, femoral neck, lumbar vertebra
1–4, and hip BMD were significantly reduced in the osteopenia
and PMOP patients compared with the NC subjects, and were
the lowest in PMOP (P < 0.01).

Comparison of Serum Maresin 1 Content
Between Different Groups
As shown in Figure 1, the serum Maresin 1 levels were
significantly decreased in the osteopenia (140.09 ± 30.54 pg/ml)
and PMOP (124.68± 31.35 pg/ml) subjects compared to the NC
subjects (167.38 ± 24.85 pg/ml) (P < 0.05 and P < 0.001). The
level of serumMaresin 1 in the PMOP group was lower than that
in the osteopenia group (P < 0.05).

Association of Serum Maresin 1 Levels
With Bone Turnover Marker and BMD
The serum Maresin 1 levels were positively correlated with the
serum 25(OH)D concentration (r= 0.293, P < 0.001; Figure 2A)
and negatively correlated with the serum β-CTX concentration
(r=−0.260, P= 0.002; Figure 2B), PINP (r=−0.244, P= 0.004;
Figure 2C), TRAP-5b (r = −0.236, P = 0.005; Figure 2D), and
OC (r=−0.269, P= 0.001; Figure 2E). The relationship between
the serum Maresin 1 levels and BMD was also investigated.
We found that the serum Maresin 1 levels were positively

correlated with BMD at the femoral neck (r = 0.370, P < 0.001;
Figure 3A), lumbar spine (r = 0.358, P < 0.001; Figure 3B), and

hip (r = 0.294, P < 0.001; Figure 3C). These findings indicate

that the Maresin 1 concentration is strongly related to markers of
bone metabolism and BMD.

Furthermore, as shown in Table 2, after controlling for age,
BMI, waist circumference, FPG, lipid profiles, Ca, P, PTH,
25(OH)D, β-CTX, PINP, TRAP-5b, and OC, multivariate logistic
regression analysis revealed that decreased serum Maresin 1
levels were significantly associated with osteopenia (OR = 0.807,
95% CI 0.660–0.985, P= 0.035) and PMOP (OR= 0.781, 95% CI
0.638–0.955, P = 0.016).

Receiver Operating Characteristic Curve
Analysis
To assess the potential diagnostic value of Maresin 1 for
osteopenia and PMOP, ROC analysis was conducted, and the

associated AUC was used to confirm the diagnostic value of
Maresin 1. The AUC of Maresin 1 for osteopenia was 0.820 (95%
CI 0.746–0.894, P< 0.001; Figure 4A), and 0.746 for PMOP (95%
CI 0.663–0.830, P < 0.001; Figure 4B). ROC analysis determined
a cut-off value for the serum Maresin 1 levels of >158.7 pg/mL
between the normal and osteopenia subjects, and of >134.0
pg/mL between the normal and PMOP subjects. The sensitivity
and specificity evaluated with the optimal cutoff points are shown
in Table 3.

DISCUSSION

To our knowledge, this is the first population-based study
to examine the association of serum Maresin 1 levels with
markers of bone metabolism and BMD in postmenopausal
women. In our study, the serum Maresin 1 levels were found
to be significantly lower in osteopenia and PMOP patients
than in healthy subjects. In addition, these PMOP patients
showed the lowest Maresin 1 levels among the three groups.
In addition, we also observed that the serum Maresin 1 levels
were significantly correlated with disease severity, as determined
by markers of bone metabolism and BMD. Multivariate logistic
regression analysis showed that a decrease in the serum Maresin
1 levels was significantly associated with osteopenia or PMOP.
The Maresin 1 levels had a maximum AUC of 0.820 for
osteopenia and 0.746 for PMOP. Further ROC analysis indicated
that decreased serum Maresin 1 levels could be used as a
diagnostic indicator for osteopenia or PMOP. These findings
suggested that Maresin 1 may act as a protective factor
against PMOP.

Maresins are newly discovered macrophage inflammatory
mediators, wherein Maresin 1 is a newly identified mediator with
strong anti-inflammatory and pro-inflammatory regression
activities (11). Maresin 1 can limit polymorphonuclear
neutrophil (PMN) infiltration, stimulate macrophage uptake,
and promote the clearance of apoptotic cells (29). A previous
study (30) reported that Maresin 1 reduced the total number
of leukocytes and PMNs in acute peritonitis. Recently, Tian
Miao et al. found that the Maresin 1 levels were not significantly
correlated with hsCRP levels in diabetic patients (19). Previous
in vitro and in vivo studies have shown that Maresin 1
improves insulin sensitivity in diet-induced obese mice (17),
delays the progression of non-alcoholic fatty liver disease
(18), plays a protective role in a mouse model of colitis
(31), and ameliorates Treg/Th17 imbalance in rheumatoid
arthritis (32).

In recent years, the importance of inflammation in the
regulation of bone metabolism has been extensively studied.
Human and animal studies have shown that proinflammatory
cytokines can promote bone resorption. A previous study
showed that macrophages have different functional phenotypes,
with pro-inflammatory M1 polarity and anti-inflammatory
M2 polarity. M1 macrophages promote bone destruction by
secreting pro-inflammatory factors, such as TNF-α, IL-6, and
IL-1β, while M2 macrophages inhibit the activation of M1
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FIGURE 4 | ROC curve analysis to determine serum Maresin 1 levels (pg/mL) in osteopenia (A) and PMOP (B).

TABLE 3 | Sensitivity and specificity evaluated with optimal cutoff points.

Serum Maresin 1 (pg/ml)

Sensitivity (%) Specificity (%) Criterion

Osteopenia 79.63 66.67 <158.7

PMOP 71.67 70.37 <134.0

PMOP, postmenopausal osteoporosis.

macrophages by secreting anti-inflammatory factors, such as IL-
10, thereby inhibiting bone resorption. In addition, Maresin
1 tilts macrophages toward the M2 phenotype and increases
M2 macrophage biosynthesis (33). Among them, Mundy et al.
recently reported that IL-1, IL-6, and TNF-α play an important
role in estrogen-deficient bone loss (9). Recently, Hao et al.
found that the serum Maresin 1 levels markedly decreased
the TNF-α and IL-6 levels in septic mice (34). The lack of
estrogen in postmenopausal women leads to the activation
of NF-κB signaling in osteoclasts to increase bone resorption
(10, 35), and the activation of the NF-κB signaling pathway
in osteoblasts inhibits bone formation (36). Notably, Maresin
1 has been reported to inhibit NF-κB activation in many
aspects (23–25). Qiu et al. recently reported that Maresin
1 decreased the nuclear displacement of NF-κB in a renal
ischemia perfusion reinjury model (23). Maresin 1 alleviated
concanavalin A-induced acute liver injury inmice by significantly
inhibiting the NF-κB signaling pathway (24). Maresin 1 decreases
inflammatory cytokine production and reduces nuclear NF-κB
activation (25).

Recently, Miao et al. (19) indicated that Maresin 1 can alter
the phenotype of macrophages, affecting macrophage-osteoblast
crosstalk, which is a key component of bone regeneration, as
well as regulating osteoblast differentiation and activity and
promoting bone formation. Wang et al. (22) found that in a rat
tooth extraction model, Maresin 1 acted as an anti-inflammatory
and osteocyte proliferator that accelerated complete wound
closure and stimulated faster fossa filling. Our results are
consistent with these results and support the hypothesis that
Maresin 1 is related to bone metabolism, with the ability to
increase bone density.

Furthermore, Maresin 1 is known to be synthesized by
DHA in macrophages (11). A previous study (20) reported
that dietary supplementation rich in DHA can reduce the
expression of inflammatory cytokines IL-6 and TNF-α, and
significantly increase bone mineral density in elderly female
mice. Moon et al. found that the T-score of the femoral
neck was positively associated with DHA, and the risk of
osteoporosis was negatively correlated with EPA + DHA in
postmenopausal Korean women (21). These findings highlight
the potential relationship between Maresin 1 and PMOP,
however, further research is required to determine the precise
functional mechanisms involved.

There were some limitations to this study. First, determining
a causal relationship between the serum Maresin 1 levels and
osteopenia or PMOP was difficult. Studies have found that
Maresin 1 is an effective inflammatory mediator that has
been shown to be associated with inflammation regression
and tissue homeostasis, and these physiological functions
are closely related to the occurrence and development
of PMOP. Therefore, we conjecture that the decrease in
serum Maresin 1 levels in osteopenia or PMOP patients
may be due to a lack of inflammatory resolution. However,
we cannot rule out that the decrease in the Maresin 1
levels may also be due to PMOP. Further prospective,
longitudinal, and multicenter studies are required. Second,
the present study was a cross-sectional study, wherein
certain baseline characteristics were collected, including
age, smoking history, history of alcohol use, and drug use
history, among others, through questionnaires, which may lead
to recall bias.

CONCLUSION

The serum Maresin 1 levels were found to be significantly
decreased in osteopenia or PMOP patients compared with
healthy subjects, and were found to be the lowest in
PMOP patients among these three groups. The Maresin 1
levels in the serum of postmenopausal women were closely
related to several clinical parameters, including markers of
bone metabolism and BMD. This study is the first to
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show that Maresin 1 may act as a protective biomarker
for PMOP.

DATA AVAILABILITY STATEMENT

The original data in the study are included in the
supplementary material, further inquiries can be directed
to the corresponding authors.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by the Ethics Committee of the Affiliated Hospital
of Southwest Medical University. The patients/participants
provided their written informed consent to participate in
this study. Written informed consent was obtained from the
individual(s) for the publication of any potentially identifiable
images or data included in this article.

AUTHOR CONTRIBUTIONS

JW, X-YL, and XF: data collection and statistical analysis. JW
and X-YL: writing the manuscript draft. F-YT and YX: revising
manuscript content. JW, X-YL, XF, F-YT, and YX: assurance of
data integrity. All authors contributed to manuscript drafting,
study conception and design, review, and finalization.

FUNDING

The work was supported by the project of Sichuan Kidney
Disease Clinical Medicine Research Center (Grant No.
2019YFS0537-13), the project of Health Commission of Sichuan
Province (Grant No. 21PJ090), the key projects of Sichuan
Science and Technology Department (Grant Nos. 2019YFS0537
and 2020YFS0456), the grants from Luzhou-Southwest Medical
University cooperation project (Grant No. 2018LZXNYD-PT01),
and the Nation Natural Science Foundation of China (Grant
No. 81970676).

REFERENCES

1. Kanis JA, Melton LJ III, Christiansen C, Johnston CC, Khaltaev

N. The diagnosis of osteoporosis. J Bone Miner Res. (1994)

9:1137–41. doi: 10.1002/jbmr.5650090802

2. Johnell O, Kanis JA. An estimate of the worldwide prevalence, mortality

and disability associated with hip fracture. Osteoporos Int. (2004) 15:897–

902. doi: 10.1007/s00198-004-1627-0

3. Roth T, Kammerlander C, GoschM, Luger TJ, Blauth M. Outcome in geriatric

fracture patients and how it can be improved.Osteoporos Int. (2010) 21 (Suppl.

4):S615–9. doi: 10.1007/s00198-010-1401-4

4. Cummings SR, Melton LJ. Epidemiology and outcomes of osteoporotic

fractures. Lancet. (2002) 359:1761–7. doi: 10.1016/S0140-6736(02)08657-9

5. Black DM, Rosen CJ. Clinical practice. Postmenopausal osteoporosis. N Engl

J Med. (2016) 374:254–62. doi: 10.1056/NEJMcp1513724

6. Thambiah SC, Yeap SS. Osteoporosis in South-East Asian countries. Clin

Biochem Rev. (2020) 41:29–40. doi: 10.33176/AACB-19-00034

7. Harvey N, Dennison E, Cooper C. Osteoporosis: impact on

health and economics. Nat Rev Rheumatol. (2010) 6:99–

105. doi: 10.1038/nrrheum.2009.260

8. Redlich K, Smolen JS. Inflammatory bone loss: pathogenesis and therapeutic

intervention. Nat Rev Drug Discov. (2012) 11:234–50. doi: 10.1038/n

rd3669

9. Mundy GR. Osteoporosis and inflammation. Nutr Rev. (2007) 65 (12 Pt.

2):S147–51. doi: 10.1301/nr.2007.dec.S147-S151

10. Kalaitzidis D, Gilmore TD. Transcription factor cross-talk: the

estrogen receptor and NF-kappaB. Trends Endocrinol Metab. (2005)

16:46–52. doi: 10.1016/j.tem.2005.01.004

11. Serhan CN, Yang R, Martinod K, Kasuga K, Pillai PS, Porter TF, et al.

Maresins: novel macrophage mediators with potent antiinflammatory and

proresolving actions. J Exp Med. (2009) 206:15–23. doi: 10.1084/jem.200

81880

12. Jung TW, Park HS, Choi GH, Kim D, Ahn SH, Kim DS, et al.

Maresin 1 attenuates pro-inflammatory reactions and ER stress in HUVECs

via PPARalpha-mediated pathway. Mol Cell Biochem. (2018) 448:335–

47. doi: 10.1007/s11010-018-3392-y

13. Marcon R, Bento AF, Dutra RC, Bicca MA, Leite DF, Calixto JB. Maresin 1,

a proresolving lipid mediator derived from omega-3 polyunsaturated fatty

acids, exerts protective actions in murine models of colitis. J Immunol. (2013)

191:4288–98. doi: 10.4049/jimmunol.1202743

14. Seki H, Fukunaga K, Arita M, Arai H, Nakanishi H, Taguchi R, et al. The

anti-inflammatory and proresolving mediator resolvin E1 protects mice from

bacterial pneumonia and acute lung injury. J Immunol. (2010) 184:836–

43. doi: 10.4049/jimmunol.0901809

15. El Kebir D, Gjorstrup P, Filep JG. Resolvin E1 promotes phagocytosis-induced

neutrophil apoptosis and accelerates resolution of pulmonary inflammation.

Proc Natl Acad Sci U S A. (2012) 109:14983–8. doi: 10.1073/pnas.1206641109

16. Flesher RP, Herbert C, Kumar RK. Resolvin E1 promotes resolution

of inflammation in a mouse model of an acute exacerbation of

allergic asthma. Clin Sci. (2014) 126:805–14. doi: 10.1042/CS20

130623

17. Martinez-Fernandez L, Gonzalez-Muniesa P, Laiglesia LM, Sainz N, Prieto-

Hontoria PL, Escote X, et al. Maresin 1 improves insulin sensitivity and

attenuates adipose tissue inflammation in ob/ob and diet-induced obese mice.

FASEB J. (2017) 31:2135–45. doi: 10.1096/fj.201600859R

18. Han YH, Shin KO, Kim JY, Khadka DB, Kim HJ, Lee YM, et al. A maresin

1/RORalpha/12-lipoxygenase autoregulatory circuit prevents inflammation

and progression of nonalcoholic steatohepatitis. J Clin Invest. (2019)

129:1684–98. doi: 10.1172/JCI124219

19. Miao T, Huang B, HeN, Sun L, DuG, Gong X, et al. Decreased plasmamaresin

1 concentration is associated with diabetic foot ulcer. Mediators Inflamm.

(2020) 2020:4539035. doi: 10.1155/2020/4539035

20. Abou-Saleh H, Ouhtit A, Halade GV, Rahman MM. Bone benefits of fish

oil supplementation depend on its EPA and DHA content. Nutrients. (2019)

11:2701. doi: 10.3390/nu11112701

21. Moon HJ, Kim TH, Byun DW, Park Y. Positive correlation between

erythrocyte levels of n-3 polyunsaturated fatty acids and bone mass in

postmenopausal Korean women with osteoporosis. Ann Nutr Metab. (2012)

60:146–53. doi: 10.1159/000337302

22. Wang CW, Yu SH, Fretwurst T, Larsson L, Sugai JV, Oh J, et al. Maresin

1 promotes wound healing and socket bone regeneration for alveolar ridge

preservation. J Dent Res. (2020) 99:930–7. doi: 10.1177/0022034520917903

23. Qiu Y, Wu Y, Zhao H, Sun H, Gao S. Maresin 1 mitigates

renal ischemia/reperfusion injury in mice via inhibition of the

TLR4/MAPK/NF-kappaB pathways and activation of the Nrf2 pathway.

Drug Des Devel Ther. (2019) 13:739–45. doi: 10.2147/DDDT.S1

88654

24. Zhang P, Yin Y, Wang T, Li W, Li C, Zeng X, et al. Maresin 1 mitigates

concanavalin A-induced acute liver injury in mice by inhibiting ROS-

mediated activation of NF-kappaB signaling. Free Radic Biol Med. (2020)

147:23–36. doi: 10.1016/j.freeradbiomed.2019.11.033

25. Qiu S, Li P, Zhao H, Li X. Maresin 1 alleviates dextran sulfate sodium-induced

ulcerative colitis by regulating NRF2 and TLR4/NF-κB signaling pathway. Int

Immunopharmacol. (2020) 78:106018. doi: 10.1016/j.intimp.2019.106018

Frontiers in Medicine | www.frontiersin.org 7 January 2022 | Volume 8 | Article 759825

https://doi.org/10.1002/jbmr.5650090802
https://doi.org/10.1007/s00198-004-1627-0
https://doi.org/10.1007/s00198-010-1401-4
https://doi.org/10.1016/S0140-6736(02)08657-9
https://doi.org/10.1056/NEJMcp1513724
https://doi.org/10.33176/AACB-19-00034
https://doi.org/10.1038/nrrheum.2009.260
https://doi.org/10.1038/nrd3669
https://doi.org/10.1301/nr.2007.dec.S147-S151
https://doi.org/10.1016/j.tem.2005.01.004
https://doi.org/10.1084/jem.20081880
https://doi.org/10.1007/s11010-018-3392-y
https://doi.org/10.4049/jimmunol.1202743
https://doi.org/10.4049/jimmunol.0901809
https://doi.org/10.1073/pnas.1206641109
https://doi.org/10.1042/CS20130623
https://doi.org/10.1096/fj.201600859R
https://doi.org/10.1172/JCI124219
https://doi.org/10.1155/2020/4539035
https://doi.org/10.3390/nu11112701
https://doi.org/10.1159/000337302
https://doi.org/10.1177/0022034520917903
https://doi.org/10.2147/DDDT.S188654
https://doi.org/10.1016/j.freeradbiomed.2019.11.033
https://doi.org/10.1016/j.intimp.2019.106018
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles


Wu et al. Maresin 1 and Postmenopausal Osteoporosis

26. Kanis JA. Assessment of fracture risk and its application to screening for

postmenopausal osteoporosis: synopsis of a WHO report. WHO study group.

Osteoporos Int. (1994) 4:368–81. doi: 10.1007/BF01622200

27. Albrand G, Munoz F, Sornay-Rendu E, DuBoeuf F, Delmas PD.

Independent predictors of all osteoporosis-related fractures in

healthy postmenopausal women: the OFELY study. Bone. (2003)

32:78–85. doi: 10.1016/S8756-3282(02)00919-5

28. Skarke C, Alamuddin N, Lawson JA, Li X, Ferguson JF, Reilly MP, et al.

Bioactive products formed in humans from fish oils. J Lipid Res. (2015)

56:1808–20. doi: 10.1194/jlr.M060392

29. Spite M, Claria J, Serhan CN. Resolvins, specialized proresolving lipid

mediators, and their potential roles in metabolic diseases. Cell Metab. (2014)

19:21–36. doi: 10.1016/j.cmet.2013.10.006

30. Serhan CN. Resolution phase of inflammation: novel

endogenous anti-inflammatory and proresolving lipid

mediators and pathways. Annu Rev Immunol. (2007) 25:101–

37. doi: 10.1146/annurev.immunol.25.022106.141647

31. Wang H, Shi P, Huang C, Liu Q. Maresin 1 ameliorates iron-deficient

anemia in IL-10(-/-) mice with spontaneous colitis by the inhibition of

hepcidin expression though the IL-6/STAT3 pathway. Am J Transl Res.

(2016) 8:2758–66.

32. Jin S, Chen H, Li Y, Zhong H, Sun W, Wang J, et al. Maresin 1 improves the

Treg/Th17 imbalance in rheumatoid arthritis through miR-21. Ann Rheum

Dis. (2018) 77:1644–52. doi: 10.1136/annrheumdis-2018-213511

33. Serhan CN, Dalli J, Karamnov S, Choi A, Park CK, Xu ZZ, et al. Macrophage

proresolving mediator maresin 1 stimulates tissue regeneration and controls

pain. FASEB J. (2012) 26:1755–65. doi: 10.1096/fj.11-201442

34. Hao Y, Zheng H, Wang RH, Li H, Yang LL, Bhandari S, et al.

Maresin1 alleviates metabolic dysfunction in septic mice: a (1)H

NMR-Based metabolomics analysis. Mediators Inflamm. (2019)

2019:2309175. doi: 10.1155/2019/2309175

35. Boyce BF, Xing L, Franzoso G, Siebenlist U. Required and nonessential

functions of nuclear factor-kappa B in bone cells. Bone. (1999) 25:137–

9. doi: 10.1016/S8756-3282(99)00105-2

36. Khosla S, Oursler MJ, Monroe DG. Estrogen and the skeleton. Trends

Endocrinol Metab. (2012) 23:576–81. doi: 10.1016/j.tem.2012.03.008

Conflict of Interest: The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be construed as a

potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations, or those of

the publisher, the editors and the reviewers. Any product that may be evaluated in

this article, or claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

Copyright © 2022 Wu, Li, Fang, Teng and Xu. This is an open-access article

distributed under the terms of the Creative Commons Attribution License (CC BY).

The use, distribution or reproduction in other forums is permitted, provided the

original author(s) and the copyright owner(s) are credited and that the original

publication in this journal is cited, in accordance with accepted academic practice.

No use, distribution or reproduction is permitted which does not comply with these

terms.

Frontiers in Medicine | www.frontiersin.org 8 January 2022 | Volume 8 | Article 759825

https://doi.org/10.1007/BF01622200
https://doi.org/10.1016/S8756-3282(02)00919-5
https://doi.org/10.1194/jlr.M060392
https://doi.org/10.1016/j.cmet.2013.10.006
https://doi.org/10.1146/annurev.immunol.25.022106.141647
https://doi.org/10.1136/annrheumdis-2018-213511
https://doi.org/10.1096/fj.11-201442
https://doi.org/10.1155/2019/2309175
https://doi.org/10.1016/S8756-3282(99)00105-2
https://doi.org/10.1016/j.tem.2012.03.008
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles

	Decreased Serum Maresin 1 Concentration Is Associated With Postmenopausal Osteoporosis: A Cross-Sectional Study
	Introduction
	Materials and Methods
	Study Subjects
	Clinical Parameters
	Laboratory Tests
	Assessment of Serum Maresin 1 Levels
	BMD Measurements
	Statistical Analysis

	Results
	Baseline Characteristics
	Comparison of Serum Maresin 1 Content Between Different Groups
	Association of Serum Maresin 1 Levels With Bone Turnover Marker and BMD
	Receiver Operating Characteristic Curve Analysis

	Discussion
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	References


