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Abstract

Background: U To analyze the effect of metformin hydrochloride combined with insulin pump for gesta-
tional diabetes mellitus (GDM).

Methods: Overall, 216 patients with GDM in Zhangqiu Maternity and Child Care Hospital, Jinan, China from
Aug 2018 to Dec 2020 were enrolled and randomized into research and control groups. Patients in the control
group were treated with insulin pump, while those in the research group were treated with metformin hydro-
chlotide combined with insulin pump. The clinical efficacy, blood glucose levels, serum Betatrophin, C reac-
tive protein (CRP), Cystatin C (Cys-C), homocysteine (Hcey), adiponectin, tumor necrosis factor (TNF-a), in-
tetleukin-6 (IL-6) content, incidence of adverse pregnancy outcomes and incidence of adverse newborns of
patients in the two groups were compared.

Results: After treatment, the total clinical efficiency of the research group was 84.26%, significantly higher
than that of the control group (68.52%). The levels of FPG, 2hPG, HbAlc, serum Betatrophin, CRP, CysC,
Hcy, adiponectin factors, TNF-«, and IL-6 in the research group were lower than those in the control group,
with statistically significant differences (P<0.05). The overall incidence of adverse pregnancy outcomes was
10.19% in the research group, and 25.93% in the control group. The comparative differences between the two
groups were statistically significant (P<0.05). The overall incidence of adverse newborns was 9.26% in the
research group, and 21.30% in the control group. The comparative differences between the two groups were
statistically significant as well (P<0.05).

Conclusion: Metformin hydrochloride combined with insulin pump for GDM can significantly reduce blood
glucose level, regulate serum protein factor levels, and improve adverse outcomes for mother and child, which
deserves clinical promotion.
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Gestational diabetes mellitus (GDM) refers to the
phenomenon of normal glucose metabolism or
potential decreased glucose tolerance in pregnant
women in the early gestation period, with first
diabetes and blood glucose abnormalities after
entering the pregnancy (1).

The symptoms of patients with the disease are
similar to symptoms of ordinary diabetes melli-
tus, manifested as large amount of drinking wa-
ter, increased amount of food and increased
amount of urine volume (2). After giving birth,
patients are prone to have pruritus vulvae, re-
peated pseudosilk saccharomyces infection and
other situations. In some patients, these symp-
toms will gradually return to normal as glucose
metabolism until it disappears, which lead to an
increased risk of type 2 diabetes mellitus in the
tuture (3,4).

According to statistics, the incidence of GDM in
China is 2%~5%. It can be seen that GDM is a
high incidence of complication in women during
pregnancy, and it shows an increasing trend year-
by-year (5). If blood glucose were consistently
above normal level, the symptoms, such as ke-
toacidosis and hypertension, would appear.
Changes in the metabolic environment in utero
also have more adverse effects on the pregnancy
outcome (6-8), such as macrosomia, stillbirth,
premature delivery, respiratory distress, abnormal
fetal intelligence and physical development.
Controlling blood glucose is the key to reducing
the harm of this disease to patients’ health and
improve pregnancy outcomes (9). The blood glu-
cose of patients with GDM should be strictly
monitored in clinic. Insulin is commonly used for
this disease, but insulin alone is not ideal (10).
Metformin hydrochloride is widely used, enhanc-
ing the sensitivity of patients with GDM to insu-
lin, improving glucose metabolism in extrahepatic
tissues, and controlling the speed of glucose ab-
sorption in the intestinal tract, with significant
glucose control in this process (11,12).

We aimed to analyze the effect of metformin hy-
drochloride combined with insulin pump for ges-
tational diabetes mellitus (GDM).
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Materials and Methods

General data

A total of 216 patients with GDM hospitalized in
Zhangqiu Maternity and Child Care Hospital,
Jinan, China from Aug 2018 to Dec 2020 were
enrolled in this study. They were randomized into
research and control groups, with 108 patients
for each group, with the approval from the Eth-
ics Committee of our hospital.

The patients in the research group aged 25~46 yr
old, averaged (35.5 £ 10.5) yr old, pregnant for
21~32 weeks, averaged (24.56 + 4.81) weeks, be-
ing pregnant 1~4 times, averaged (2.41 £ 1.07)
times, giving birth 0~3 times, averaged (1.14 *
0.31) times. Among them, there were 67 primipa-
ras and 41 multiparas, with the body mass of
59~91 kg, averaged (78.23 = 9.41) kg. The pa-
tients in the control group aged 23~45 yr old,
averaged (34.5 = 10.5) yr old, pregnant for 20~34
weeks, averaged (25.66 * 5.01) weeks, being
pregnant 1~5 times, averaged (3.26 + 1.42) times,
giving birth 0~3 times, averaged (1.39 = 0.36)
times. Among them, there were 69 primiparas
and 39 multiparas, with the body mass of 62~89
kg, averaged (77.67 £ 8.21) kg.

General data of the two groups were not statisti-
cally significant (P> 0.05), which were compara-
ble. Inclusion criteria: @ All patients met the
diagnostic criteria for GDM in the Guidelines for
Diagnosis and Treatment of Pregnancy with Dia-
betes (2018) (13); @ Blood glucose was still not
effectively decreased after diet and exercise ther-
apy; 3 Age = 20 yr old; (5) With complete and
integrated medical records; (6) No precursor to
premature birth, placenta previa and other symp-
toms; (7) Patients and their family members have
been informed of the content of this study, and
signed the consent form. Exclusion criteria: )
Patients combined with other pregnancy compli-
cations, such as pregnancy-induced hypertension;
(2) Combined with malignancies; (3) With artifi-
cial fecundation and multiple pregnancies; @
With poor compliance and ineffective drug guid-
ance in this study; (5) With drug allergy; (6) With
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major organ dysfunction and failure; (7) Coagula-
tion disorders.

Treatment Methods

Both groups were treated with insulin injection
(SFDA approval number J20160006, SFDA ap-
proval number J201600006), administered at 30
min before breakfast and dinner, with an initial
dose of 0.2~0.3 TU/(kg-d). It could be increased
by 2IU according to the patient's blood glucose
value for 12 weeks continuously. On this basis,
the routine nursing process was strictly imple-
mented to timely find to solve the arising prob-
lems. Routine nursing process included nutrition
management, with detailed physical examination
and inquiries of patients, to understand the basic
situation of the patient’s body and conditions,
convenient for doctors to customize the patient's
personalized diet and meal and to make scientific
and healthy diet under the premise of satisfying
the patient's taste as far as possible. In this pro-
cess, the blood glucose level of patients was
closely monitored and constantly adjusted ac-
cording to the specific situation for better treat-
ment. Personal diet file was set up for the patient.
The total amount of various nutrients for the pa-
tient to consume every day was calculated ac-
cording to the results of patient's physical exami-
nation, with more fruits and vegetables and other
foods rich in vitamins, as well as a certain amount
of protein, fat food, to make the patient nutrition
balanced. At the same time, the pregnant woman
and family members were given necessary diet
lessons, including the nutrition contained in the
food. They were taught to pay attention to the
daily diet, science and reasonable eating, etc., to
improve the patient’s attention to diet, and to
increase the patient’s confidence on recovery.
Meanwhile, on the premise of safety, the patient
was able to take an amount of scientific aerobic
exercise propetly. On the basis of the above
treatment, the research group was given metfor-
min hydrochloride tablets (SFDA approval num-
ber H13020586, Beijing Zhongxin Pharmaceuti-
cal Factory), oral, 1 tablet daily, 2 times a day, the
amount could be increased or decreased accord-
ing to the change of blood glucose value in the
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pregnant woman according to the doctor's ad-
vice.

Observation index

After 3 months of treatment, both groups were
observed for clinical treatment effect. The obser-
vation indexes included: @ Clinical criteria for
efficacy: The decrease of FPG (fasting blood glu-
cose) = 30% was excellent, 10~30% for effective,
< 10% for ineffective. Total effective rate =
(number of excellent + number of effec-
tive)/total number (14). (2) Changes in blood
glucose indexes: Including HbAlc (glycosylated
hemoglobin), FPG, 2hPG (2h postprandial blood
glucose). The normal range of FPG was 3.3~5.3
mmol/L, the normal range of 2hPG was 4.4~6.7
mmol/L, and the normal range of HbAlc was
less than 6.0%. (3) Levels of serum Betatrophin,
CRP, CysC, Hcy, adiponectin factors, TNF-a,
and I1.-6: 5 mL of fasting venous blood was ex-
tracted from patients, after 3000t/s centrifuga-
tion for 10min, the supernatant was taken to de-
tect serum Betatrophin, CRP, Cysc, Hcy, adi-
ponectin and serum inflammatory factor content
of TNF-a and IL-6 by ELISA. Blood detection
should be completed within 2 h after collection.
() Incidence of adverse pregnancy outcomes:
The total incidence of postpartum hemorrhage,
hyperhydramnios, pregnancy hypertension and
intrauterine distress were analyzed. (5) Incidence
of adverse newborns: The total incidence of neo-
natal hypoglycemia, neonatal jaundice, premature
delivery, fetal malformation and macrosomia
were analyzed.

Statistical methods

The data were analyzed by SPSS 23.0 (Chicago,
IL, USA) statistical software. Measurement data
were represented with ( x*s), and the counting
data with [n (%)]. The comparison between
groups were performed with two independent
sample y2 test, as well as the comparison be-
tween groups before and after treatment. P<0.05
shows statistical significance.
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Results

Comparison of clinical efficacy between the
two groups

Number of

patients

50
40
30

20

The total treatment efficiency was 84.26% in the
research group, and 68.52% in the control group,
with statistical significant difference (X*=11.261,
*k P <0.01), as shown in Fig. 1.

[2] Research ET control
Group Group

Excellent Effective

Ineffective Clinical efficacy

Fig. 1: Comparison of clinical efficacy between the two groups

Comparison of blood glucose level changes
between the two groups

There was no statistical significant differences in
the levels of FPG, 2hPG and HbAlc between the
two groups before treatment (P> 0.05). The lev-
els were lower in the research group than those in

FPG
{(mmol/L)
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the control group were after treatment, with sta-
tistically significant difference (*P <0.05). In ad-
dition, blood glucose levels in both groups were
lower than those before treatment, with statisti-
cally significant difference (P <0.05), as shown in
Fig. 2-4.
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Fig. 2: Comparison of FPG levels before and after treatment between the two groups
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Fig. 3: Comparison of 2hPG levels before and after treatment between the two groups
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Fig. 4: Comparison of HbAlc levels before and after treatment between the two groups

Comparison of various cytokinine Iindexes
between the two groups

There was no statistical significant differences in
the levels of serum Betatrophin, CRP, CysC, Hcy,
and adiponectin factors in both groups. Com-
pared with the control group, the levels of all in-
dexes decreased more significantly after treat-
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ment in the research group, with statistically sig-
nificant differences (P<0.05). And comparing
within the groups, the levels of serum Betatro-
phin, CRP, CysC, Hcy, and adiponectin factors
significantly decreased after treatment, with sta-
tistically significant differences (P<0.05), as
shown in Table 1.
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Table 1: Comparison of various cytokinine indexes between the two groups ( x+ s)

Control Group

After treatment

Before treatment  After treatment

Cytokine Research Group
Before treatment

Number of cases 108

Betatrophin (pg/mL) 736.74£61.86

CRP (pg/L) 4.51£0.58

CysC (mg/L) 1.5210.41

Hcy (umol/L) 17.49+6.23

Apoponectin (u/L) 51.6618.64

108
552.63+15.14 739.121+62.85 703.71+45.66
1.27£0.16 4.5610.61 3.224+0.23
0.84%0.12 1.491+0.43 1.1710.24
8.31+3.12 17.56%6.21 11.14£3.36
29.87+5.13 51.37%+8.78 36.341+5.08

Comparison of serum TNF-x¢ and IL-6 be-
tween the two groups

There was no significant difference in serum
TNF-o and IL-6 between the two groups before
treatment. After treatment, the indexes of both
groups decreased, which was more significant in
the study group (** P <0.01, * P <0.05).

Comparison of adverse pregnancy outcomes
and neonatal conditions between the two

groups

Compared with the control group, the incidences
of pregnancy hypertension, hyperhydramnios,
postpartum hemorrhage and intrauterine distress
were significantly lower than those in the control
group (P <0.05). The incidences of neonatal hy-
poglycemia, neonatal jaundice, premature birth,
fetal malformation, and macrosomia in the re-
search group were significantly lower than those
in the control group (P <0.05), as shown in Table
2 and 3.

Table 2: Comparison of adverse pregnancy outcomes between the two groups

Group Number  Pregnational Hyperhydramnios Postpartum Intrauterine Total inci-
of cases hypertension hemorrhage distress dence of
(%)

Research 108 2 4 2 3 10.19

Group

Control 108 8 7 6 7 25.93

group

X2 4.632

P value 0.037

Table 3: Comparison of neonatal conditions between the two groups
Group Number Neonatal hy-  Neonatal Premature Fetal mal- Macrosomia Total inci-
ofcases  poglycemia jaundice birth formation dence of
%)
Research 108 2 2 3 1 2 9.26
Group
Control 108 4 6 5 3 5 21.30
group
X2 3.891
P value 0.041
Available at:  http://ijph.tums.ac.ir 101
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Discussion

GDM is a clinically common pregnancy compli-
cation due to protein metabolism, fat metabolism
disorders and glucose metabolism disorders
caused by insufficient insulin secretion (15). In
recent years, due to the change of birth policy in
China, the number of elderly parturients in-
creased, and the incidence of GDM increased
year-by-year (16). If blood glucose is not con-
trolled in patients with GDM, it not only poses a
serious threat to maternal and infant outcomes,
but also increases the long-term incidence of dia-
betes mellitus in patients and affect the quality of
life and life safety (17). Therefore, patients with
GDM must be given timely and efficient inter-
ventions to control strictly blood glucose to
maintain it within the normal threshold, which is
of great significance to improve adverse out-
comes and reduce the risk of complications (18).
Currently, clinical treatments for GDM, such as
cinesiotherapy (19) and alimentary control (20),
have poor effect on improving blood glucose
level, which often require combined therapy with
drugs (21). Insulin, the preferred drug for diabe-
tes mellitus, can promote the synthesis of glyco-
gen, protein and fat, which can also regulate me-
tabolism in body, improve the intake and utiliza-
tion rate of glucose, promote protein synthesis,
inhibit fat decomposition, and thereby reduce
blood glucose. However, it cannot affect the fetal
growth and development with high safety (22-
24). Combination with metformin (DMBG) not
only improves the sensitivity of surrounding tis-
sues to insulin, as well as the utilization rate of
glucose, but also increases the utilization rate of
glucose in noninsulin-dependent tissues (25,20).
In addition, metformin can inhibit hepatoglyco-
gen heteroplasia, and reduce liver sugar output,
with glucose-lowering effect (27).

The levels of serum Betatrophin, CRP, Cysc, Hey
and adiponectin in patients with GDM were dif-
ferent from those in healthy people (28-31). CysC
is produced by nuclear cells, which can maintain
the balance of sulfur amino acids. It can damage
the vascular endothelium with its high expres-
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sion. Then the inflammatory mediators such as
interin, promoting inflammatory factor expres-
sion were further released, and the sensitivity to
insulin in body decreases, leading to poor preg-
nancy outcome (28).

CRP is a common clinical pro-inflammatory fac-
tor. Elevated blood glucose in GDM patients will
promote the increase of CRP content, which can
remove necrotic cells and pathogenic microor-
ganisms that invade the body and play an im-
portant role in the immune process (28). Betatro-
phin can ameliorate insulin resistance, promote
islet B cell proliferation and development of
GDM, and the abnormal elevation of Betatro-
phin in body can be one of the important factors
for predicting poor prognosis in patients with
GDM (29). Hcy is a factor produced by methio-
nine and cysteine that can be decomposed in
body to maintain its concentration, and a high
expression of Hcy can reduce the sensitivity to
insulin (30).

TNF-a is a multi-potent cytokinine regulating
inflammatory and cytotoxic, which interferes the
conduction of insulin signals, and then leads to
the occurrence of insulin resistance (31). IL-6 is
mainly produced by lymphocytes and fibroblasts,
which can regulate immune and inflammatory
response, of which, low concentration IL-6 can
stimulate insulin secretion and reduce blood glu-
cose, while high concentration IL-6 can destroy
islet B cells, reduce insulin secretion, resulting in
increased blood glucose (31,32). The results
showed that the total clinical efficiency was
84.26% in the research group, and 68.52% in the
control group, with statistically significant differ-
ences (P<0.01). The levels of HbAlc, FPG, and
2hPG decreased in both groups after treatment,
which was more significant in the research group
(P<0.05).

The levels of serum Betatrophin, CRP, CysC,
Hcy, adiponectin factors, TNF-a and IL-6
showed the same changing trend as above in
both groups after treatment, which was more
significant in the research group (P<0.01). It sug-
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gested that insulin pumps combined with met-
formin for GDM could effectively regulate in-
flammatory factor levels in patients. The total
incidence of adverse pregnancy outcomes and
neonatal outcomes were 10.19% and 9.26% in
the research, 25.93% and 21.30% in the control
group, respectively, indicating that metformin
combined with insulin pump has obvious effect
in the treatment of GDM. The insulin pump can
release insulin in a certain time, which can effec-
tively reduce high sugar toxicity, promote body to
timely repair damaged {3 cells, and then control
blood glucose.

However, the effect of insulin pump is not ideal
and other drugs are still needed. Metformin, as an
insulin sensitizer, can improve the sensitivity to
insulin and the utilization rate of glucose, thus
reducing blood glucose. Combined use of met-
formin on the basis of insulin pump therapy can
achieve effective hypoglycemic effects, improve
maternal and infant outcomes, and have high
safety, making up for the deficiency of single use
of insulin pump therapy.

Conclusion

Metformin combined with insulin pump treat-
ment can effectively reduce blood glucose level,
regulate serum protein factor indexes, as well as
the incidence of adverse pregnancy outcomes and
neonatal conditions, with fewer adverse reactions
in combined treatment and high safety.

Ethical considerations

Ethical issues (Including plagiarism, informed
consent, misconduct, data fabrication and/or fal-
sification, double publication and/or submission,
redundancy, etc.) have been completely observed
by the authors.

Acknowledgements
No funding was received in this study.
Conflict of interest

The authors declare that there is no conflict of
interest.

Awvailable at:

http://ijph.tums.ac.ir

References

1.

Simmons D (2019). GDM and Nutrition-
Answered and Unanswered Questions-
There's More Work to Dol Nutrients, 11(8):
1940.

Radzicka S, Pietryga M, Iciek R, Brazert ] (2018).
The role of visfatin in pathogenesis of gesta-
tional diabetes (GDM). Gineko! Pol, 89(9):
518-521.

Khambule L, Geotge JA (2019). The Role of In-
flammation in the Development of GDM
and the Use of Markers of Inflammation in
GDM Screening. Adyv Exp Med Biol, 1134:
217-242.

Vince K, Perkovi¢ P, Matijevi¢ R (2020). What is
known and what remains unresolved regard-
ing gestational diabetes mellitus (GDM). ] Per-
inat Med, 48(8): 757-763.

Dhingra A, Ahuja K (2016). Lifestyle modifica-
tions for GDM. | Pak Med Asso; 6609
Suppll): S34-S38.

Caissutti C, Berghella V (2017). Scientific Evi-
dence for Different Options for GDM
Screening and Management: Controversies
and Review of the Literature. Biomed Res Int,
2017: 2746471.

Boriboonhirunsarn D, Sunsaneevithayakul P,
Pannin C, Wamuk T (2021). Prevalence of
early-onset GDM and associated risk factors
in a university hospital in Thailand. | Obstet
Gynaecol, 41(6):915-919.

Garsany Y, Bancroft CH, Atkinson liit RW et al
(2020). Effect of GDM Pairing on PEMFC
Performance in Flow-Through and Dead-
Ended Anode Mode. Molecutes, 25(6): 1469.

Lacroix M, Lizotte F, Hivert MF, Geraldes P,
Petron P (2019). Calcifediol Decreases Inter-
leukin-6 Secretion by Cultured Human
Trophoblasts From GDM Pregnancies. | En-
doer Sog, 3(11): 2165-2178.

10. Sharma AK, Taneja G, Kumar Aet al (2019). In-

sulin analogs: Glimpse on contemporary facts
and future prospective. L Sz, 219: 90-99.

11. McCreight LJ, Bailey CJ, Pearson ER (2010).

Metformin and the gastrointestinal tract. Dia-
betologia, 59(3): 426-35.

103


http://ijph.tums.ac.ir/

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

104

Iran J Public Health, Vol. 51, No.1, Jan 2022, pp.96-104

Fujita Y, Inagaki N (2017). Metformin: New
Preparations and Nonglycemic Benefits. Crrr
Diab Rep, 17(1): 5.

Dude A, Niznik CM, Szmuilowicz ED, Peace-
man AM, Yee LM (2018). Management of
Diabetes in the Intrapartum and Postpartum
Patient. Am | Perinatol, 35(11): 1119-1126.

Kautzky-Willer A, Harreiter J, Winhofer-St6ckl
Y, et al (2019). [Gestational diabetes mellitus
(Update 2019). Wieen Kin  Wochenschr,
131(Suppl 1): 91-102.

Bashir M, Aboulfotouh M, Dabbous Z, et al
(2020). Metformin-treated-GDM has lower
risk of macrosomia compared to diet-treated
GDM- a retrospective cohortt study. | Matern
Fetal Neonatal Med, 33(14): 2366-2371.

Plant N, Sumilo D, Chapman R, Webber J, Sara-
vanan P, Nirantharakumar K (2020). Unmet
needs of women with GDM: a health needs
assessment in Sandwell, West Midlands. | Pub-
lic Health (Oxj), 42(4): €516-e524.

Fakhrul-Alam M, Sharmin-Jahan, Mashfiqul-
Hasan,et al (2020). Insulin sectetory defect
may be the major determinant of GDM in
lean mothers. | Chn Trans! Endocrinol, 20:
100226.

Huvinen E, Eriksson ]G, Stach-Lempinen B,
Tiitinen A, Koivusalo SB (2018). Heterogene-
ity of gestational diabetes (GDM) and chal-
lenges in developing a GDM risk score. Adta
Diabetol, 55(12): 1251-1259.

Steinhilber B, Haupt G, Miller R, Janssen P,
Krauss 1 (2017). Exercise therapy in patients
with hip osteoarthritis: Effect on hip muscle
strength and safety aspects of exercise-results
of a randomized controlled trial. Mod Rhben-
matol, 27(3): 493-502.

Owen L, Cotfe B (2017). The role of diet and
nutrition on mental health and wellbeing. Proc
Nutr Sog, 76(4): 425-426.

Shi S, Kong N, Feng C, et al (2019). Drug Deliv-
ery Strategies for the Treatment of Metabolic
Diseases. Ady Healthe Mater, 8(12): €1801655.

Mathieu C, Gillard P, Benhalima K (2017). Insu-
lin analogues in type 1 diabetes mellitus: get-

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Awvailable at:

ting better all the time. Nat Rev Endocrinol,
13(7): 385-399.

Rodbard HW, Rodbard D (2020). Biosynthetic
Human Insulin and Insulin Analogs. Aw |
Ther, 27(1): e42-¢51.

Heise T, Meneghini LF (2014). Insulin stacking
versus therapeutic accumulation: understand-
ing the differences. Endoer Pract, 20(1): 75-83.

Iv Z, Guo Y (2020). Metformin and Its Benefits
for Various Diseases. Front Endocrinol (Lan-
sanne), 11: 191.

DeFronzo R, Fleming GA, Chen K, Bicsak TA
(2016). Metformin-associated lactic acidosis:
Current perspectives on causes and risk. Me-
tabolism, 65(2): 20-29.

Podhotecka M, Ibanez B, Dmoszynska A
(2017). Metformin - its potential anti-cancer
and anti-aging effects. Postepy Hig Med Dosw
(Online), 71(10): 170-175.

Papamichael K, Chachu KA, Vajravelu RKet al
(2017). Improved Long-term Outcomes of
Patients With Inflammatory Bowel Disease
Receiving Proactive Compared With Reactive
Monitoring of Serum Concentrations of In-
fliximab. Clin  Gastroenterol  Heparol, 15(10):
1580-1588.¢3.

Minamoto Y, Otoni CC, Steelman SM, et al
(2015). Alteration of the fecal microbiota and
serum metabolite profiles in dogs with idio-
pathic inflammatory bowel disease. Gur Mi-
crobes, 6(1): 33-47.

Stenwall PA, Bergstrom M, Seiron P, et al (2015).
Improving the anti-inflammatory effect of se-
rum eye drops using allogeneic serum permis-
sive for regulatory T cell induction. .Adta Oph-
thalmol, 93(7): 654-657.

Wang I, Wu YY, Yang YF, et al (2015). The ef-
fect of probiotics on serum levels of cytokine
and endotoxin in peritoneal dialysis patients: a
randomised, double-blind, placebo-controlled
teial. Benef Microbes, 6(4): 423-430.

Irmscher S, Brix SR, Zipfel SLH, et al (2019). Se-
rum FHR1 binding to necrotic-type cells acti-
vates monocytic inflaimmasome and marks
necrotic sites in vasculopathies. Nat Commnn,
10: 2961.

http://ijph.tums.ac.ir


http://ijph.tums.ac.ir/

