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1. Introduction

Metformin is a widely used oral hypoglycemic drugs,
have good hypoglycemic effect and the advantages of
high safety, strong tolerance, be like the Chinese diabetes
society (CDS), Japan diabetes association (JDA), and
other academic organizations as type 2 diabetes (T2DM)
for the treatment of first-line drugs, at the same time more
than academic organization pointed out such as in patients
without liver and kidney dysfunction and dose appropriate
cases, metformin will always as a treatment of choice for
patients with diabetes drug""”!. However, some studies
have shown that taking metformin may be one of the caus-
es of lactic acidosis, with a mortality rate of up to 50% .

Correlation lactic Acidosis is the first-line drugs is of-
ten accompanied by one of the serious adverse reactions,
clinical trials in recent years, studies have shown that
doses of Metformin treatment result in the correlation of
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Metformin is the basic drug in the clinical treatment of Diabetes, often used
in the treatment of Type 2 Diabetes Mellitus (T2DM).Its effect has been
fully verified in the clinical treatment of T2DM. However, in the treatment
of T2DM with metformin, there is still a certain probability of related lactic
acidosis, and the fatality rate is high. Therefore, is the use of metformin
drug treatment a direct risk factor for lactic acidosis in diabetic patients?
This paper will review the hypoglycemic mechanism of metformin and
related studies on lactic acidosis, so as to further explore the relationship
between metformin and lactic acidosis in diabetic patients, and provide
help and reference for metformin drugs in the clinical treatment of T2DM.

lactic Acidosis (MALA) cases are rare, but if the dose is
too high, and not considering the circumstances of the
body function in patients with abnormal could also lead
to plasma lactic acid accumulation, and even cause cor-
relation lactic Acidosis (LA) . This article will focus on
the mechanism of metformin associated lactic acidosis
(MALA) and its related factors to systematically review,
in order to further clarify the relationship between the
clinical use of metformin and diabetic lactic acidosis.

2. Hypoglycemic Mechanism of Metformin

Metformin is often combined with sulfonamide drugs
in clinical use, which can effectively reduce blood glu-
cose, and the effect of oral treatment is significant in dia-
betic patients, and the hypoglycemic effect is confirmed
F Tts hypoglycemic effect mainly includes the following
three aspects.
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2.1 Inhibition of Glucose Absorption and Promo-
tion of Glucose Utilization

The amount of blood sugar in human body mainly
depends on the extent to which glucose is absorbed and
utilized by tissues or organs. Glucose is absorbed mainly
through the intestines. Glucose absorption by intestinal
wall and other tissues is mainly through active transporta-
tion and glucose uptake by the carrier and ATP . Several
recent studies have shown that endotoxin derived from gut
microbes may increase the disruption of intestinal barrier
function and increase glucose uptake, leading to the devel-
opment of type 2 diabetes. Some studies have shown that
®lmetformin can affect the microflora of mice and reduce
the abundance of endotoxin-producing mucin-degrading
G (-) anaerobes Akkermansia muciniphila in the intestinal
tract of mice, thereby inhibiting excessive glucose absorp-
tion and thereby reducing the incidence of type 2 diabetes
.19 Glucose use is regulated mainly by hormones, the
most important of which is insulin. Experimental results
show that the oral metformin can improve mice to mice
pancreas litres of blood sugar hormone kind of peptide 1
(glp-1) content, but its mechanism is still unclear, glp-1
have promote insulin secretion, enhance tissue sensitivity
to insulin, alpha cells glucagon secretion inhibition, and
by increasing the body’s insulin levels, in turn, promote
the use of glucose """, Therefore, metformin, on the one
hand, can reduce the absorption of glucose in the intesti-
nal wall, and on the other hand, it can promote the utiliza-
tion of glucose by regulating GLP-1 to increase the level
of insulin.

2.2 Inhibition of Liver Glucose Output

In the regulation of human blood glucose, the liver
plays an extremely important role in maintaining blood
glucose balance. It can not only reduce blood glucose
concentration through metabolic methods such as liver
glycogen synthesis, but also increase blood glucose con-
centration through liver glycogen decomposition and glu-
coneogenesis. Metformin reduces liver glucose production
primarily by adenosine activated protein kinase (AMPK).
Main effect of metformin on the respiratory chain com-
plexes I to block the mitochondrial respiratory chain
reducing intracellular ATP production, in turn, activates
AMPK, its possible mechanism is: (D After metformin
into cells, by influencing the LKB1 / AMPK signalling
to reduce the concentration cAMP, promote response el-
ement binding protein 2 (CRCT2) phosphorylation, inhi-
bition of sugar dysplasia the expression of related genes,
thereby reducing glycogenesis "', 2) AMPK can activate
liver deacetylase (SIRT1) and promote the acetylation and
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ubiquitination degradation of CRTC2, thereby inhibiting
the transcription of genes related to gluconeogenesis '
(3 Metformin activated AMPK upregulates the expression
of orphan nuclear receptor (SHP), which competes for the
binding site of CRTC2 and inhibits the formation of tran-
scriptional complexes, thereby inhibiting the expression
of glycogenic related genes !'*. In addition, metformin
can also reduce gluconeogenesis through other pathways,
the possible mechanisms of which are as follows: (1) Mi-
tochondrial respiratory chain is blocked by acting on re-
spiratory chain complex I and ATP production is reduced,
and ATP has allosteric inhibition on key enzymes in
glycolysis ', @) The decrease of ATP is accompanied by
the increase of AMP, which inhibits the increase of blood
glucose by inhibiting the glucagon signaling pathway """\
(3 Metformin directly inhibits mitochondrial glycer-
ol-3-phosphate dehydrogenase, enhances cytoplasmic
reductive state, and inhibits the conversion of glycerol and
lactic acid to glucose.

2.3 Improve Insulin Sensitivity and Insulin Resis-
tance (IR)

After absorption into blood, metformin can act on or-
gans around the liver, increase the number of insulin re-
ceptors and tyrosine kinase activity, and also improve the
ability of insulin receptors and insulin binding, so as to
improve the responsiveness of tissues and organs around
the liver to insulin. Carolina et al. showed that when met-
formin was applied in clinical treatment, it could increase
the insulin responsiveness of tissues and organs around
the liver, so as to improve the utilization of glucose by
tissue cells guided by hypoglycemic hormone "*. Met-
formin also increases glucose transporter 4(GLUT-4) gene
expression in skeletal muscle cells, thereby increasing the
number and activity of GLUT-4 in skeletal muscle cells,
thereby reducing peripheral insulin resistance (IR) ", In
adipose tissue, metformin inhibits the phosphorylation
of carbohydrate response element (ChREBP) and sterol
binding element -1c¢ (SREBP-1c¢) through AMPK signal-
ing pathway, promotes the reconversion of free fatty acids
(FFA) to triglycerides and inhibits the decomposition of
triglycerides. AMPK can also directly reduce acetyl-CoA
carboxylase (ACC) activity and B-oxidation, thereby indi-
rectly improving IR .

3. Metguanidines and Lactic Acidosis

Lactic acidosis is a type of anion gap metabolic acido-
sis that occurs when lactic acid production is increased
or metabolic pathways are blocked. When the disease is
severe, it often involves multi-system organ function and
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has a high-risk of death “'**\. The hypoglycemic effect of
guanidine drugs is mainly realized by inhibiting liver glu-
cose production and glucagon secretion and other mecha-
nisms. It can play a role in lowering blood glucose in di-
abetic patients with normal or abnormal insulin secretion,
but has no significant lowering effect on blood glucose
in non-diabetic patients **). The most common adverse
reaction in the treatment of formin drugs is lactic acidosis,
and MALA is a rare adverse reaction of metformin with a
high fatality rate up to 50% %, which is caused by the en-
hanced effect of formin drugs on the metabolism of reduc-
ing glucose. Metformin has been recognized as one of the
first choice drugs for the treatment of type 2 diabetes due
to its superior hypoglycemic effect, good tolerance and
high safety. Metformin reduces lactic acid gluconeogen-
esis, thereby reducing the production of glucose, thereby
accumulating lactic acid and thereby increasing the possi-
bility of lactic acidosis in diabetic patients ***%*),

In clinical studies, cases of MALA are rare. There have
been reports of cases of LA in type 2 diabetic patients tak-
ing metformin, but these reports do not have a large num-
ber of data to show a clear causal relationship between
metformin and lactic acidosis, and medical evidence is
lacking. However, a large number of previous meta-anal-
yses have shown that the use of metformin has no signif-
icant correlation with the incidence of lactic acidosis and
the mortality caused by lactic acidosis'*”. Previous studies
have shown that MALA patients are often associated with
secondary diseases that accelerate metabolic decompensa-
tion, usually infection, acute kidney, liver failure, or heart
failure ***. Although a possible role cannot be ruled out,
most researchers agree that metformin does not consis-
tently correlate with the degree of acidosis. It is generally
believed that the associated exacerbation of high-risk dis-
eases such as heart, kidney, and respiratory failure is the
cause of the high mortality of lactic acidosis rather than
the effect of metformin *”. Scale et al. believed that com-
pared with metformin, the organic changes of tissues and
organs caused by diabetes itself were more of a risk factor
for LA, and the possible mechanism was that microvascu-
lar lesions caused by diabetes caused tissue hypoxia, thus
increasing the risk of LA "*. However, there are no sub-
stantial data showing a clear causal relationship between
appropriate doses of metformin and lactic acidosis in pa-
tients without liver or kidney impairment.

3.1 Factors Influencing Metformin - Associated
Lactic Acidosis (MALA)

As mentioned earlier, metaguanides are associated with
an increased risk of lactic acidosis in diabetes treatment.
However, due to the differences in molecular structure and
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chemical properties, metformin does not inhibit the release
and metabolism of lactic acid. Therefore, the possibility
of LA occurrence caused by metformin is much lower
than that of other metformin drugs, and it is a relatively
safe drug. According to many clinical studies, the occur-
rence of LA in the treatment of diabetes with metformin
is very rare, and most of the cases are often accompanied
by cardiopulmonary insufficiency, renal dysfunction and
other diseases. Meanwhile, the incidence of lactic acidosis
caused by metformin is also related to age and dosage "',

3.2 Renal Insufficiency and MALA

Metformin is mainly excreted after the formation of
water-soluble compounds through the treatment of oxi-
dative reducing water and other processes of the kidney.
In general, metformin is mainly excreted through renal
tubules, so as to ensure an appropriate level of metformin
in the body. Thus, when renal function is normal, clinical
treatment with medical doses of metformin does not re-
sult in lactic acidosis. When kidney dysfunction occurs,
metformin cannot be effectively excreted, leading to
metformin deposition in the body, which leads to elevated
lactic acid levels in the body. Tian Hui et al. carried out an
experiment, selected 243 elderly patients with T2DM, and
observed the blood lactic acid level of patients before and
after metformin alone, combined with other oral hypo-
glycemic agents or combined with insulin, and found that
there was no statistical significance in the fluctuation of
blood lactic acid content in patients, and no lactic acidosis
event was observed "”\. Our guess is that severe kidney
failure leads to a significant increase in lactate levels in
the body.

3.3 Hypoxia and MALA
3.3.1 Cardiac Insufficiency and MALA

Most clinical studies have shown that the probability of
metformin directly causing LA in patients is very small,
while the probability of lactic acidosis in an anoxic state is
sharply increased **!. Diabetic patients are far more likely
to suffer from heart failure than healthy people. If acute
heart failure, myocardial infarction and other diseases
occur in the body, it will lead to cardiac pumping dysfunc-
tion, which will lead to the decline of human circulation
function, resulting in hypoxia of tissues and organs and
lead to functional disorders. Therefore, the ability of im-
portant organs such as liver and kidney to remove lactic
acid may decrease, and the lactic acid content may be
affected and tends to rise, and even lactic acidosis may
occur in the human body. Moreover, due to the increase
of lactic acid accumulation, the K* channel of cardiomyo-
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cytes is stimulated to expand and the K" outflow degree is
increased. The adverse effect is inhibited on the Ca” chan-
nel, resulting in the decrease of cellular ion concentration,
and then the weakening of cardiac systolic function, form-
ing a chain of adverse reactions "+

Therefore, metformin is often contraindicated for heart
failure patients in clinical practice. Studies the selection
of diabetes patients with heart failure in 1997-2006 (n
= 10920), these patients through the use of metformin
or sulfonylureas fall blood sugar, such as drug therapy,
patients at the same time of voluntary participation in
research study until the end of 2006, finally found a total
of 6, 187 (57%) patients died, the process and no lactic
acidosis patients in experimental " Evans et al., Roussel
et al., also reached the same conclusion in the same year
7% Relevant literature has shown that metformin plays
a certain role in antioxidant protection of cardiovascular
disease *”'. Therefore, when the body does not have hy-
poxia caused by acute cardiac dysfunction, metformin can
be used in patients with diabetes and cardiac dysfunction,
but follow-up experimental studies are still needed to ver-
ify this.

3.3.2 Alcohol Intake and MALA

Long-term alcohol intake may lead to liver damage and
even terminal liver disease. Liver is the main place for
lactic acid metabolism, and metformin also causes the in-
crease of lactic acid by inhibiting the metabolism of lactic
acid in the liver. Therefore, in the case of liver injury, the
use of metformin will lead to the increase of lactic acid
content in the body, leading to lactic acidosis. Krzymie 1,
etc, according to a study in 29 patients with correlation
lactic acidosis (8 cases of metformin treatment, 21 cases
of other glucose-lowering drugs or treatment), 12 cases of
alcoholic patients, 5 cases of death cases, 3 cases of met-
formin treatment, therefore the literature suggests that pa-
tients with diabetes with correlation of lactic acidosis with
metformin use has no obvious relation, and with greater "
the correlation of alcohol abuse. The specific mechanism
is that alcohol stimulates the intestinal wall and produces
a large amount of lactic acid accumulation, which needs
to be transformed with the help of the liver. If the patient
is alcoholized and the lesion involves the liver, ethanol
metabolism in the liver cells has a synergistic effect with
the conversion of pyruvate to lactic acid, and it can also
inhibit the degree of glycoeogenesis of pyruvate. There-
fore, chronic alcoholism may impair liver parenchyma,
thereby attenuate hepatic gluconeogenesis. Metformin
has a similar effect to alcoholism, both promoting lactic
acid production and preventing lactic acid metabolism *'.
They work in synergy. Therefore, heavy alcohol intake
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and chronic alcoholism may increase the incidence of
MALA.

3.4 Age and MALA

With the increase of age, the liver and kidney functions
of the elderly gradually decrease; meanwhile, the long-
term lesions of the microvessels in the elderly diabetic
patients tend to cause hypoxia in the surrounding tissues,
resulting in the increase of metformin and lactic acid con-
tent, which eventually leads to lactic acid accumulation
and poisoning **. Based on the data analysis of 12 diabet-
ic patients with lactic acidosis caused by clinical treatment
with metformin by Hua Zhong et al., it was shown that
MALA was mainly characterized by older age, more liver
and kidney insufficiency, irregular medication, etc “**,
Again, age was strongly associated with the incidence of
MALA. Therefore, in the treatment of elderly diabetic pa-
tients, patients with serious liver and kidney dysfunction
should be careful to take biguanidine drugs.

4. Summary and Prospect

A rare lactic acidosis occurs during the use of met-
formin. Is it metformin that is the culprit? Comb through
the literature at home and abroad were reviewed, found
that most of the research results show that has no direct
correlation between metformin and lactic acidosis, at
the same time a large number of clinical randomized
controlled support metformin, there is no direct causal
relationship between lactic acidosis and "****), but the real
relationship also need to develop a large number of clin-
ical trials conducted in-depth research for them. What’s
more, metformin can significantly increase the incidence
of lactic acidosis when used in patients with liver and
kidney insufficiency and heart failure. Although the inci-
dence of lactic acidosis is very low, the characteristics of
high mortality still need to be paid attention to by clinical
workers. Therefore, patients’ conditions, risk factors and
physical conditions should be fully evaluated before the
use of metformin in the treatment of patients, in order to
effectively reduce the adverse reactions of metformin in
the clinical treatment of diabetes, including metformin as-
sociated lactic acidosis (MALA).

References

[17] American Diabetes Association.Standards of medical
care in diabetes-2011 [J] .Diabetes Care, 2011,
34(5):11-60.

[2] Nathan DM,Buse JB,Davidson MB,et al.Medical
management of hyperglycaemia in type 2 diabetes
mellitus: A consensus algorithm for the initiation and

DOL: https://doi.org/10.30564/jer.v3i1.2849



Journal of Endocrinology Research | Volume 03 | Issue 01 | January 2021

adjnstment of therapy: a consensus statement from
the American diabetes association and the European
Association for the study of diabetes [J]. Diabetol-
gia, 2009, 52(1) : 17 -30.

[3] Yang WY. Guidelines for the prevention and treat-
ment of type 2 diabetes in China [M]. Beijing: Pe-
king University Medical Press, 2010:21.

[4] Almirall J, Briculle M, Gonzalez clemente JM.
Metformin-as-sociated lactic acidosis in type 2 dia-
betes mellitus : incidence and presentation in com-
mon elinical practice. Nephrol Dial Trans-plant[J],
2008,23:2436- 2438.

[5] Xianbin Cai,Xi Hu,Bozhi Cai,et al. Metformin
suppresses hepatocellular carcinoma cell growth
through inductionof cell cycle G1/G0 phase arrest
and p21CIP and p27KIP expression and downregu-
lationof cyclin D1 in vitro and in vivo[J]. Oncology
Reports,2013,30(5).

[6] KlarenbachS,CameronC,SinghS,etal.Cost-effective-
ness of second-line anti -hyperglycemictherapy in
patients with type 2 diabetes mellitusinade quately
controlled on metformin [J].CanMedAssoc
J,2011,183(16):E1213-1220.

[71 Yang K. Study on the mechanism of sea-buckthorn
seed flavonoids promoting glucose uptake in fat and
skeletal muscle cells [D]. East China Normal Univer-
sity, 2017.

[8] Hur KY,Lee MS.Gutmicrobiota and metabolic disor-
ders Diabetes MetabJ[J],2015,39;198-203.

[9] Everard A, Lazarevic V, Gaia N, Johansson M,
Stahlman M, Backhed F, Delzenne NM, Schrenzel J,
Francois P, Cani PD. Microbiome of prebiotic-treated
mice reveals novel targets involved in host response
during obesity[J]. ISME J, 2014;8:2116-2130.

[10] de Kort S, Keszthelyi D, Masclee AA. Leaky gut
and diabetes mellitus: what is the link?[J], Obes Rev
2011;12:449-458.

[11] Mu Yiming, Ji Linong, Li Chunlin, et al. Expert con-
sensus on the clinical application of metformin (2018
edition). Chinese Journal of Diabetes,2019, 27 (3):
161-173.

[12] Maida A,Lamont BJ,Cao X,et al. Metformin regulates
the incretin receptor axis via a pathway dependent on
peroxisome proliferator-activated receptor-a in mice.
Diabetologia,2011,54(2):339-349.

[13] Cho YM,Kieffer TJ. New aspects of an old drug:
metformin as a glucagon-like peptide 1 (GLP-1) en-
hancer and sensitiser[J]. Diabetologia,2011,54(2):
219-222.

[14] Viollet B,Guigas B,Sanz Garcia N,et al.Celluar and
molecular mechanisms of metforminan overview.
Clinical Science,2012,122:253-270.

Distributed under creative commons license 4.0

[15] Caton PW,Nayuni NK,Kieswich J,et al. Metformin
suppresses hepatic gluconeogenesis through induc-
tion of SIRT1 and GCNS5.J Endocrinol,205:97-106.

[16] Foretz M,Hebrard S,Leclerc J,et al. Metformin inhib-
its hepatic gluconeogenesis in mice independently of
the LKB1/AMPK pathway via a decrease in hepatic
energy state[J]. The Journal of Clinical Investiga-
tion,2010,120(7):2355-2369.

[17] Miller Russell A,Chu Q,Xie J,et al.Biguanides sup-
press hepatic glucagon signalling by decreasing pro-
duction of cyclic AMP[J]. Nature,2013,494(7436).

[18] Carolina Gutiérrez-Repiso,Isabel Moreno-Indias,et al.
Mucosa-associated microbiota in the jejunum of pa-
tients with morbid obesity: alterations in states of in-
sulin resistance and metformin treatment[J]. Surgery
for Obesity and Related Diseases,2020:1878-7533.

[19] Qingling Meng, Xiuping Jin, Naijun Wu, Weibo
Yang. Effects of metformin on the expression of
adenylate activated protein kinase and glucose
transporter 4 in insulin-resistant mouse embry-
onic fibroblasts [J]. Chinese Journal of Diabe-
tes,2014,22(02):177-180.

[20] Wang Zhanjian, Tan Lixin. Metformin improves in-
sulin resistance [J]. Drug Evaluation, 2010,7(13):17.

[21] Hu Baoji, Bo Lulong, Deng Xiaoming, Duan
Hongwei. Chinese Journal of Medical Re-
view,2018,15(03):22-25.

[22] Kajbaf F, Lalau JD. The criteria for metformin-as-
sociated lactic acidosis: the quality of reporting in
a large pharmacovigilance da-tabase[J]. Diabetic
Med, 2013, 30( 3) : 345-348..

[23] Lu ZQ. The value of metguanidine hypoglycemic
drugs in the treatment of type 2 diabetes mellitus [J].
Journal of Clinical Therapeutics,2010,8(04):33-38.

[24] Inzucchi,SE,BergenstalRM,Buse JB,et al.Manage-
ment of hyperglycemia in type2 diabetes,2015:A
patient-centered approach:Update to a position state-
ment of the American Diabetes Association and the
European Association for the study of diabetes[J].
Diabetes Care, 2015,38:140-149.

[25] McAlister FA, Majumdar SR, Eurich DT et al. The
effect of specialist care within the first year on subse-
quent outcomes in 24 232 adults with new-onset dia-
betes mellitus: popula- tion-based cohort study.Qual
Saf Health Care, 2007, 16(1) : 6 -11.

[26] Salpeter S, Ureyber E, Pasternak U, et al. Risk of fa-
tal and nonfatal lactic acidosis with metformin use in
type 2 diabetes mellitus[J]. Cochrane Database Syst
Rev, 2010,4: CD002967.

[27] Inzucchi SE, Lipska KJ, Mayo H, et al. Met-
formin in patients with type 2 diabetes and kidney
disease a systematic review.JA- MA,2014, 312( 24)

DOL: https://doi.org/10.30564/jer.v3i1.2849 25



Journal of Endocrinology Research | Volume 03 | Issue 01 | January 2021

1 2668-2675 .

[28] Richy FF, Sabido-Espin M, Guedes S, et al. Inci-
dence of lactic acidosis in patients with type 2 diabe-
tes with and without renal impairment treated with
metformin: a retrospective cohort study. Diabetes
Care, 2014, 37(8) : 2291-2295 .

[29] Aharaz A, Pottegard A, Henriksen DP, et al. Risk of
lactic aci- dosis in type 2 diabetes patients using met-
formin: A case control study. PloS One, 2018, 13(5)
:e0196122 .

[30] Scale T, Harvey JN.Diabetes,Metformin and lactic
acidosis [J]. Clin Endocrinol (Oxf), 2011, 74( 2) :
191-196.

[31] Nathan DM ,EuselB ,Davidzcn MS, et al.Medicai
management of hyperglycaemia in type 2 diabetes
mellitus; Acon-sensus algorithm for the initiation
and adinsmen of therapy:a consensus statement from
the American diabeies asseciation and the European
Association for the study of diabeteg[J]. Diabetolgia,
2009,52(1);17-30.

[32] Tian Hui, Li Chunlin, Yang Guang, et al. Safety eval-
uation of metformin in elderly patients with type 2
diabetes mellitus. Chinese Journal of Internal Medi-
cine, 2008,47:914-918.

[33] Wang Xiaobing, Ye Shandong. Research progress of
metformin related lactic acidosis [J]. Anhui Medical
Journal,2014,35(01):130-133.

[34] Deng Shiman.Study on the correlation between
hemoglobin Alc, serum lactic acid level and car-
diac dysfunction [J]. China Contemporary Medi-
cine,2019,26(1): 45-47.

[35] Chen Haiyan, Wang Yinghuo. Clinical significance
and prognosis evaluation of serum lactic acid moni-
toring in patients with cardiogenic shock [J]. Chinese
Journal of Traditional Medicine,2020(03):92-95.

[36] Andersson C, Olesen JB, Hansen P R, et al.
Metformin treatment is associated with a low risk
of mortality in diabetic patients with heart failure: a
retrospective nationwide cohort stud [J] . Diabe-
tologia, 2010, 53 (12):2546-2553.

[37] Evans JM, Doney AS, AlZadjali MA, et al.

26 Distributed under creative commons license 4.0

Effect of Metform in on mortality in patients with

heart failure and type 2 diabetes mellitus [J] . Am
J Cardiol, 2010, 106 (7): 1006-1010.
[38] Roussel R, Travert F, Pasquet B, etal. Reduction

of Atherothrombosis for Continued Health (REACH)
Registry Investigators. Metformin use and mortal-
ity among patients with diabetes and atherothrom-
bosis[J]. Arch Intern Med, 2010, 170 ( 21) : 1892
-1899.

[39] lalau JD,Race J.Lactic acidosis in metfoxmin-tx-
eaied pa-tients. RPrognosiic value of axiexial Isci-
ate levels and plasmameifoxmis concentrations[J].
Drug Sef ,1999 ,20(4):.371-384.

[40] Krzymien J, Karnafel W. Lactic acidosis in patients
with diabetes[J].Pol Arch Med Wewn, 2013, 123(3):
91 -97.

[41] McAlister FA, Majumdar SR, Eurich DT, et al. The
effect of specialist care within the first year on sub-
sequent outcomesin 24 232 adults with new-onset
diabetes mellitus: popula-tion-based cohort study|[J].
Qual Saf Health Care, 2007, 16( 1) : 6-11.

[42] Yu Huazhong, Li Zhangping, Wu Chaoming,
Cheng Junyan, Chen Shouquan. Analysis of the
characteristics of lactic acidosis in diabetic patients
taking metformin [J]. Journal of Practical Medi-
cine,2006(07):804-805.

[43] Lin YC, Lin LY, Wang HF, Lin HD. Fasting plasma
lactate concentrations in ambulatory elderly patients
with type 2 dia- betes receiving metformin therapy:
a retrospective cross-sec- tional study[J]. Chin Med
Assoc, 2010, 73 (12) : 617-622.

[44] Salpeter SR ,Greyber E, Pasternak GA.et al. Risk of
fatal and nonfatal lactic acidosis with metformin use
in type 2 diabetes mellitus. Cochrane Database Syst
Rev, 2010, 4:CD002967.

[45] Cryer DR. Nicholas SP, Henry DH.et al. Compara-
tive outcomes study of metformin intervention ver-
sus conventional approach the COSMIC Approach
Study. Diabetes Care, 2005 ,28:539-543.

DOL: https://doi.org/10.30564/jer.v3i1.2849



