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ABSTRACT 

 Endometriosis is associated with low health-related quality of life and its incidence in the world is not decreasing, at 

least, in the developed economies. The aim of this case-report is to bring to the fore the beneficial effects of the insulin sensitizer, 

metformin, in endometriosis-associated chronic pelvic pain. Metformin lowered C-reactive protein levels and attenuated pain 

symptoms in a 48-year old woman diagnosed with endometriosis  refractory to NSAIDs and hormone pills. The effect of 

metformin in endometriosis-associated chronic pelvic pain may be due to its anti-inflammatory and anti-oestrogenic effects and it 

warrants being further explored since endometriosis has no specific remedy at present. 
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INTRODUCTION 

 Endometriosis, an oestrogen-dependent process, is 

defined as the presence of endometrial-like tissue in the 

uterus (eutopic) or outside the uterus (ectopic) which 

induces a chronic inflammatory reaction. The condition can 

be present from premenarche to postmenopause but 

predominantly found in women of reproductive age from all 

ethnic and social groups [1-3]. The prevalence of 

endometriosis is 6-10% [4] but rises to 35-50% in women 

with infertility and chronic pelvic pain [3]. The associated 

symptoms which can impact negatively on general physical, 

mental and social well-being [5] include severe 

dysmenorrhea,  deep dyspareunia, chronic pelvic pain, 

ovulation pain, cyclical or perimenstrual symptoms with or 

without abnormal bleeding, infertility, dysuria, constipation, 

dyschezia, adhesions, peritonitis, catamenial pneumothorax 

and chronic fatigue. Some affected women remain 

asymptomatic [1]. 

 Patients with endometriosis-associated infertility 

undergoing in vitro fertilization respond with significantly 

decreased levels of all markers of reproductive process, 

resulting in a pregnancy rate that is almost one-half that of 

women with other indications for in vitro fertilization [6].  

 

Genetics and endometriosis 

 Endometriosis may arise from the interplay 

between genetic variants and environmental factors [7]. 

Vast majority of familial cases of endometriosis involve the 

maternal lineage [8] in tandem with the fact that familial 

aggregation and twin studies have noted a higher risk of 

endometriosis among relatives [9-10]. Women with 

endometriosis have a tenfold increased risk of endometriosis 

in their first-degree relatives [11].  Risk factors of 

endometriosis include prolonged exposure to endogenous 

and exogenous oestrogen with dysregulation of 

progesterone signaling [12-14]. Genome-wide linkage 

studies [15-16] have identified loci on  chromosome 7 p 

15.2 and 10 q 26 that confer susceptibility to endometriosis. 

 

Other risk factors 

 Autoimmune diseases [17] and serum 

polychlorinated biphenyl levels [18] have been observed as 

risk factors for endometriosis. 

 

Pathogenesis 
 Retrograde menstruation, coelomic metaplasia, 

mullerianosis (rest or stem cells present from time of 

organogenesis) and immune alterations are favoured as 

being involved in the pathogenesis of endometriosis [19-

21]. 
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Staging of endometriosis 

Endometriosis may be staged surgically as follows 

Stage 1 (minimal stage): Only superficial lesions plus 

possibly a few filmy adhesions 

Stage II (mild stage): above plus some deep lesions being 

present in the cul-de-sac 

Stage III (moderate stage): above plus endometriomas on 

ovary and more adhesions 

Stage IV (severe stage): above plus large endometriomas 

and extensive adhesions 

 Recently, the endometriosis fertility index (EFI) 

has been observed as a validated endometriosis 

classification or staging system that predicts a clinical 

outcome. It is a validated clinical tool that predicts 

pregnancy rates after endometriosis surgical staging for 

those patients who attempt non-in vitro fertilization (non-

IVF) conception [22-23] Novel research in imaging, 

biomarkers, histology and the human genome may provide 

useful information to develop future classification systems. 

 

Endometriosis and cancer risk 

 There is an association between endometriosis and 

ovarian cancer risk [24] and hyperestrogenism is a relevant 

risk factor for the development of cancer from 

endometriosis [25]. 

 

Diagnosis 
 The preferred method of diagnosis is direct 

visualization of ectopic endometrial lesions (usually via 

laparoscopy) accompanied by histologic confirmation of the 

presence of at least two of the following features: 

hemosiderin-laden macrophages or endometrial epithelium, 

glands or stroma [26-27]. Gambone et al (2002) and 

Kennedy (2006) have asserted that laparoscopic diagnosis 

may not be necessary in all cases. While laparoscopic 

diagnosis is presently acclaimed to be  the “gold standard’’ 

for superficial endometriosis, magnetic resonance imaging 

may be more helpful in determining the extent of deep 

infiltrating (subperitoneal) lesions.  Serum cancer antigen 

CA 125 may be useful as a marker of disease monitoring 

and treatment follow-up [28-29]. 

 

Differential diagnosis 

 In women with repetitive miscarriages, 

85% may have endometriosis on diagnostic laparoscopy. 

Other causes of repetitive miscarriages to be ruled out in the 

differential diagnosis include hormonal abnormalities, 

ovulation defects and mucus cycle abnormalities. Chronic 

pelvic pain[30] frequently occurs secondary to non-

gynaecologic conditions that must be considered in the 

evaluation of affected women. So, the differentials may 

include pelvic adhesions, serositis, ovarian cysts and ovarian 

cancer, colon cancer, adenomyosis, appendicitis, chlamydial 

genitourinary infections, diverticulitis, appendicitis, ectopic 

pregnancy, pelvic inflammatory disease, gonorrhea and 

urinary tract infections. 

 

Pharmacotherapy of endometriosis 

 An ideal therapy should diminish the inflammation 

and underlying symptoms without negatively impacting 

fertility. No treatment currently exists for enhancing 

fecundity in women whose infertility is associated with 

endometriosis since all existing therapies are contraceptive 

[31]. In either a hypoestrogenic or a hyperandrogenic 

environment, endometriotic implants become atrophic [32] 

and this may be a pharmacologic basis for drug therapy. 

Medical therapy should last at least 6 months to allow for 

adequate regression of implants but it has a high recurrence 

rate, symptoms recurring in 75% of cases within 2 years. By 

comparison, surgical treatment may improve pregnancy 

rates and is the preferred initial treatment for infertility 

caused by endometriosis. Bilateral oophorectomy and 

hysterectomy or even presacral neurectomy may be 

deployed for intractable pain.  

 Present drugs for endometriosis include progestins, 

combined oral contraceptives, danazol that possesses 

androgenic activity, gonadotropin releasing hormones that 

cause profound hypoestrogenism but induce unpleasant 

menopausal symptoms. After failure of initial treatment 

with oral contraceptives and non-steroidal anti-

inflammatory drugs, empirical therapy with gonadotropin 

releasing hormone is appropriate [32]. Others include non-

steroidal anti-inflammatory drugs, narcotic analgesics, 

pentoxifylline and COX2 inhibitors. Therapeutic 

manipulation of the immune system with, for example, 

tumor necrosis factor-alpha inhibitors is now thought to be a 

prospective treatment. 

 

Case-Report 

 A 48-year old Nigerian business-woman nullipara 

and a dual citizen of Canada and Britain, Mrs. M. P. was 

seen at Oseghale Oriaifo Medical Centre, Ekpoma, 

December 23
rd

, 2011 with a history of lower abdominal 

pains. She had papers documenting that she was diagnosed 

with stage II endometriosis 3 years earlier in Canada after 

laparoscopic examination and has been on non-steroidal 

anti-inflammatory drugs to which she was no longer 

responsive, hence the constant lower abdominal pains. She 

also complained of constipation, dyschezia and dyspareunia. 

There were also difficulties with sleep and concentration 

because of the pains. On examination, she was healthy-

looking, afebrile. Her blood pressure was 130/80 mm.Hg 

and her Body Mass Index was 27.50 kg/m
2
. Apart from 

some lower abdominal tenderness, there was nothing else of 

note.  

 The following laboratory and radiological tests 

were done to evaluate and rule out possible contributory 

causes: 

1) Complete blood count, which was normal 

2)  Urinalysis, which was normal 

3) Serum electrolytes and urea, which were normal 

4) Malaria parasite test, which was negative 

5)  Widal test, which was negative 

6) Fasting blood sugar, which was normal at 92 mg/dl 
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7) A routine chest X-ray, which revealed no abnormality 

8) Haemoglobin genotype, which was rhesus positive  

9) Abdominopelvic, vaginal ultrasound examinations, 

which showed light adhesions initially but became 

normal at 6 months 

10) Barium enema which was normal 

11) C-reactive protein levels using the 

immunoturbidimetric latex agglutination method 

(Cypress Diagnostics, Belgium) were done initially and 

after 3,  6 months. 

 The high initial C-reactive protein level of 19.20 

mg/L was pointer that an inflammatory process was on, 

supporting the initial diagnosis of endometriosis with 

chronic pelvic pain (endometriosis-associated chronic pelvic 

pain).  And for this patient in whom endometriosis was the 

suspected cause of the chronic pelvic pain, other non-

gynecologic causes having being evaluated and ruled out, 

laparoscopic confirmation of diagnosis was deemed 

unnecessary who noted that a trial of medical therapy was 

justified if there was no indication for surgery such as the 

presence of a suspicious adnexal mass. Kennedy (2006) also 

noted that unnecessary laparoscopies should be prevented in 

patients, such as this case, who desire only symptom relief 

and that this approach does not adversely affect outcomes.  

Metformin  was started for her at a dose of 1,500 mg/day in 

divided doses on 12
th

 of January, 2012 [33]. 

 

Pain measurement 

 Pain measurement was done with a verbal rating 

scale and the Modified Brief Pain Inventory 

(www.britishpainsociety.org/members pain scales) initially, 

3 and at 6 months. 

Table 1. Metformin significantly (*P < 0.05)reduced CRP 

level at 6 months. It also reduced the quality of pain on the 

verbal rating score and improved scores significantly on the 

brief pain inventory.  

 Table 1 shows that C-reactive protein (CRP) 

decreased to 2.80 ± 2.56 mg/L at 6 months from the initial 

19.20 ± 3.45 mg/L.  The verbal rating scale showed that the 

pain quality became mild at 6 months. The intensity of pain 

reduced from 10 to 2, distress due to pain from 10 to 2 and 

interference of pain with daily activities from 9 to 2 at 6 

months. Percentage of relief from pain increased from 0% to 

90% at 6 months (Figure 1). Difference of mean at 6 months 

compared to first month was significant (P < 0.05) 

 Also, at 6 months, patient no longer complained of 

constipation, dyschezia or dyspareunia. Her sleep and 

concentration also improved. 

 

Table 1. Effect of metformin on c-reactive protein level and brief pain inventory score  

 0 3 6 (Months) 

C-Reactive (CRP) (mg/L) 19.20 +  3.45 11.50 +   4.20 2.80 +   2.56* 

Verbal Rating Scale Severe Mild Mild 

Average of modified  brief pain inventory score 9.60 3.00 2.00* 

Percentage relief (%) 0 80.00 90.00 

 

 
           Please mark  the scale below to show how intense your pain is. 

          A zero (0) means no pain, and ten (10) means extreme pain. 
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   How intense is your now? 

 

 

   How intense was your pain on average last week? 

 

 

   Now please use the same method to  describe how distressing your pain is. 

   How distressing is your pain now?  

 

 

 

   How distressing was your pain on average last week? 

 

 

 

 

    Now please use the same method to describe how much your pain interferes with your normal everyday activities.  

 

 

 

 

   If you have had treatment for your pain, how much has this relieved (taken away) the pain? 

 

 

 

 

 

Figure 1. Metformin significantly (P < 0.05) improved scores in the Brief Pain Inventory at 6 months, decreasing the intensity and 

distress due to pain. It also decreased the interference of pain with daily activities and significantly relieved pain at 6 months. 

 

DISCUSSION 

 Metformin significantly reduced the level of C-

reactive protein and pain at 6 months in this patient with 

endometriosis-associated chronic pelvic pain. Previous 

report had noted that IL-6, which is the major upregulator of 

C-reactive protein gene [34] is attenuated by metformin.  

High C-reactive protein values are associated with pain due  

 

to chronic low-grade inflammation. The algogenic 

cytokines, nuclear factor-ĸɃ, tumor necrosis factor-alpha 

and transforming growth factor beta-1 are upregulated by C-

reactive protein [35-38]. In turn, nuclear factor-ĸɃ and 

tumor necrosis factor-alpha upregulate C-reactive protein 

synthesis in the liver [39-40]. Metformin suppresses the 

0    1       2          3    4          5        6           7     8        9        1 0  
No pain                                  extreme pain  

0    1       2         3   4           5         6   7      8        9         1 0  
No pain                                   extreme pain  

0    1       2          3    4          5         6    7      8         9  1 0  
Not at all                                                                                       extremely   
distressing                                                                                                                                                      distressing 

0    1       2         3   4           5         6   7      8          9         1 0  

Not at all                                                 extremely 

distressing                                                                                                                                                  distressing 

0     1        2           3     4           5          6      7         8   9    1 0  
Does not             Interferes 
interfere             completely 
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production of C-reactive protein [41] tumor necrosis factor-

alpha [42] nuclear factor-ĸɃ [43] and transforming growth 

factor beta-1 [44]. This may be relevant to the action of 

metformin in attenuating the pain of endometriosis-

associated chronic pelvic pain. Blockade of tumor necrosis 

factor-alpha inhibits pain responses centrally [45]. Anti-

tumor necrosis factor-2 treatment has been found helpful for 

endometriosis-associated chronic pelvic pain buttressing the 

observation that endometriosis may be sustained by tumor 

necrosis factor-alpha [46]. Moreover, metformin’s action in 

this patient could also be due to its antagonism of 

cyclooxygenase2 (COX2) [47-48] and algogenic 

prostanoids [49].  It may also suppress the algesic effects of 

the G-protein-coupled receptor (GPCR) agonist, bradykinin 

[50]. 

 Results also indicate that there was non-

progression of the endometriosis-induced fibrosis with 

metformin. Previous observations have indicated the 

beneficial effects of metformin in endometriosis in humans  

and animal models [51-53]. Transforming growth factor 

beta-1 (TGF beta-1) plays important role in the pathogenesis 

of endometriosis not only in its maintenance and 

propagation [54] but also as a powerful inducer of collagen 

synthesis [55]. Metformin has been reported to antagonize 

this TGF beta-1-induced fibrosis.   Oestrogen in the liver 

enhances liver production of C-reactive peptide [56].  

Metformin may also arrest the progression of endometriosis 

by reversing the hyperestrogenism and decreased 

progesterone signaling in the disorder [57-59].  Metformin 

decreases adipocyte aromatase activity and increases 

progesterone receptor expression [60]. The G-protein 

coupled estrogen receptor (GPER) is upregulated in ovarian 

endometriosis and pelvic inflammatory disease involving 

the ovary and may be a predictor of the main endometriosis-

related symptoms [61]. Metformin may disrupt insulin-like 

growth factor-1 (IGF-1) – G-protein coupled estrogen 

receptor (GPER) signaling [62] by indirectly reducing levels 

of insulin, IGF-1 and other growth factors. 

 In conclusion, results indicate a role for metformin 

in endometriosis-associated chronic pelvic pain. Metformin 

which does not cause contraception and may be utilized as 

sole therapy for ovulation induction [63] stands to be an 

additional remedy for the endometriosis syndrome and 

warrants further evaluation.  

 

REFERENCES 

1. Kennedy S, Berquist A, Chapron C, D’Hooghe T, Dunselman G, Greb R, Hummelshoj L, Prentice A, Saridogan E. and on 

behalf of the European Society of Human Reproduction and Embryology (ESHRE) special interest group for endometriosis 

and endometrium guideline development group. ESHRE guideline for the diagnosis and treatment of endometriosis. Hum. 

Reprod, 20(10), 2005, 2698-2704. 

2. Osefo NJ, Okeke BC. Endometriosis: incidence among the Igbos of Nigeria. International Journal of Gynecology and 

Obstetrics, 30(4), 1989, 349-353. 

3. Ekwempu CC, Harrison KA. Endometriosis among the Hausa/Fulani population of Nigeria. Tropical and Geographical 

Medical Journal, 31, 1978, 201-205. 

4. Omwandho CO, Konrad L, Halis G, Oehmke F, Tinneberg HR. Role of TGF-betas in normal human endometrium and 

endometriosis. Hum. Reprod, 25(1), 2010, 101-109. 

5. Huntington A, Gilmour JA. A life shaped by pain: women and endometriosis. J. Clin. Nurs, 14, 2005, 1124-1132. 

6. Barnhart K, Dunsmoor-Su R, Coutifaris C. Effect of endometriosis on in vitro fertilization. Fertil.  Steril, 77(6), 2002, 1148-

55. 

7. Dun EC, Taylor RN, Wieser F. Genome Med, 2(10), 2010, 75. 

8. Lamb K, Hoffmann RG, Nichols TR. Family trait analysis: a case- control study of 43 women with endometriosis and their 

best friends. Am. J. Obstet. Gynecol, 154, 1986, 596-601. 

9. Hadfield RM, Mardon HJ, Barlow DH, Kennedy SH. Endometriosis in monozygotic twins. Fertil. Steril, 68, 1997, 941-942. 

10. Malinak LR, Buttram VC Jr, Elias S, Simpson JL. Heritage aspects of endometriosis. II. Clinical characteristics of familial 

endometriosis. Am.J. Obstet. Gynecol, 137, 1980, 332-337. 

11. Matalliotakis IM, Arici A, Cakmak H, Goumenou AG, Koumantakis G, Mahutte NG. Familial aggregation of endometriosis 

in the  Yale Series. Arch. Gynecol. Obstet, 278(6), 2008, 507-511. 

12. Bulun SE, Cheng YH, Pavone ME, Xue Q, Attar E, Trukhacheva E, Tokunaga H, Utsunomiya H, Yin P, Luo X, Lin Z, Imir 

G, Thung S, Su EJ, Kim JJ. Estrogen receptor beta, estrogen receptor alpha, and progesterone resistance in endometriosis. 

Semin. Reprod. Med, 28, 2010, 36-43. 

13. Govindan S, Ahmad SN, Vedicheria B, Kodati V, Jahan P, Rao KP, Ahuja YR, Hasan Q. Association of progesterone 

receptor gene polymorphism (PROGINS) with endometriosis, uterine fibroids and  breast cancer. Cancer Biomark, 3, 2007, 

73-78. 

14. De Carvalho CV, Nogueira-De-Souza NC, Costa AM, Baracat EC, Girao MJ, D’Amora P, Schor E, Da Silva ID. Genetic 

polymorphism of cytochrome P450 cl 7 alpha (CYP 17) and progesterone receptor  genes (PROGINS) in the assessment of 

endometriosis risk. Gynecol.Endocrinol, 23, 2007, 29-33. 

15. Painter JN, Anderson CA, Nyholt DR, Macgregor S, Lin J, Lee SH, Lambert A, Zhao ZZ, Roseman F, Guo Q. Genome-wide 

association  study identifies a locus at 7p15.2 associated with endometriosis.  Nature Genetics, 43(1), 2010, 51-54. 



Oriaifo SE and Oriaifo NI. / IJPDT / 4(2), 2014, 79-85. 

84 | P a g e  
 

16. Treloar SA, Wicks J, Nyholt DR, Montgomery GW, Bahlo M. Genome-wide linkage study in 1,176 affected sister pair 

families identifies a significant susceptibility locus for endometriosis on chromosome 10q26. Am. Journal of Human 

Genetics, 77(3), 2005, 365-376. 

17. Sinaii N, Cleary SD, Ballweg ML, Nieman LK, Stratton P. High rates of autoimmune and endocrine disorders, fibromyaigia, 

chronic fatigue syndrome and atopic diseases among women with  endometriosis: a survey analysis. Human Reproduction, 

17(10), 2002, 2715-2724. 

18. Rier SE, Turner WE, Martin DC, Morris R, Lucier GW, Clark GC. Serum  levels of 2,3,7,8-tetra-chlorodibenzo-p-dioxin 

and dioxin- like chemicals in rhesus monkeys chronically exposed to dioxin: correlation of increased serum polychlorinated 

biphenyl levels with endometriosis. Toxicological Sciences, 51(1), 2001, 147-159. 

19. Young VJ, Brown JK, Saunders PTK, Home AW. The role of the  peritoneum in the pathogenesis of endometriosis. Human 

Reproduction Update, 19(5), 2013, 558-569. 

20. Lu D, Song H, Shi G. Anti-TNF-2 treatment for pelvic pain associated with endometriosis.  Cochrane Database of 

Systematic Reviews, 3, 2013. 

21. Signorile PG, Baldi F, Bussani R, D’Armiento M, De Falco M, Baldi A.  Ectopic endometrium in human fetuses is a 

common event and sustains the theory of mullerianosis in the pathogenesis of endometriosis, a disease that predisposes to 

cancer. Journal of Experimental and Clinical Cancer Research, 28, 2009, 49. 

22. Adamson GD. Endometriosis Fertility Index. Curr. Opin. Obstet  Gynecol, 23(4), 2011, 213-220. 

23. Adamson GD, Pasta DT. Endometriosis fertility index: the new, validated endometriosis staging system. Fertil. Steril, 94(8), 

2010, 1609-1615. 

24. Pearce CL. Association between endometriosis and risk of  histological subtypes of ovarian cancer: a pooled analysis 

of case- control studies. The Lancet Oncology, 13(4), 2012, 385-394. 

25. Zanetta GM, Webb MJ, Li H, Keeney GI. Hyperoestrogenism: a  relevant risk factor for the development of cancer from 

endometriosis. Gynecol. Oncol, 79(1), 2000, 18-22. 

26. Wellbery C. Diagnosis and treatment of endometriosis. Am. Fam.  Physician, 60(6), 1999, 1753-1762. 

27. Mounsey AL, Wilgus A, Slawson DC. Diagnosis and management of endometriosis. Am. Fam. Physician, 72(4), 2006, 594-

600 

28. Gambone JC, Mittman BS, Munro MG, Scialli AR, Winkel CA. The chronic pelvic pain/Endometriosis Working Group. 

Consensus  statement for the management of chronic pelvic pain and endometriosis: proceedings of an expert-panel 

consensus process. Fertil. Steril, 78, 2002, 961-972. 

29. Kennedy S. Should a diagnosis of endometriosis be sought in all symptomatic women? Fertility and Sterility, 86(5), 2006, 

1312-1313. 

30. Fall M, Baranowski AP, Elneil S, Engela D, Hughes J, Messelink EJ, Oberpenning F. Guidelines on chronic pelvic pain. 

European Association of Urology, 2008.  

31. Streuli I, de Ziegler D, Santulli P, Marcellini L, Borghese B, Battex F. An update on the pharmacological management of 

endometriosis. Expert Opin. Pharmacother, 14(3), 2013, 291-305. 

32. Memarzadeh S, Muse KN Jr, Fox MD. Endometriosis: differential  diagnosis and treatment of endometriosis. American 

Health Network, 2006. 

33. Foda AH, Aai IAA. Metformin as a new therapy for endometriosis; its effects on both clinical picture and cytokine profile. 

Middle East Fertility Society Journal, 17(4), 2012, 262-267. 

34. Rannou F, Ouanes W, Boutron I, Lovisi B, Fayad F, Mace Y. High-sensitivity C-reactive protein in chronic low back pain 

with vertebral end-plate modic signal changes. Arthritis and Rheumatism (Arthritis Care and Research), 57(7), 2007, 1311-

1315. 

35. Singh U, Dasu MR, Yanay PG, Afify A, Devakaj S, Jialal I. Human C-reactive protein promotes oxidized low-density 

lipoprotein uptake  and matrix metallo proteinase-9 release in Wistar rats. J. Lipid Res, 2008. 

36. Nakagomi A, Seino Y, Endoh Y, Kusama Y, Atarashi H, Mizuno K. Upregulation of monocyte proinflammatory cytokine 

production by C-reactive protein is significantly related to ongoing myocardial damage and future cardiac events in patients 

with chronic heart failure. J. Card. Fail, 16(7), 2010, 562-571. 

37. Verma S, Devaraj S, Jialal I. Is C-reactive protein an innocent bystander or proatherogenic culprit? C-reactive protein 

promotes atherothrombosis. Circulation, 113, 2006, 2135-2150. 

38. Garcia-Lazaro JF, Thieringer F, Luth S, Czochn P, Meyer E, Renterie IB, Galle PR, Lohse AW. Hepatic over-expression of 

TGF-beta-1 promotes LPS-induced inflammatory cytokine secretion by liver cells and   endotoxemic shock. Immunol. Lett, 

10(12), 2005, 217-22. 

39. Maehira F, Miyagi I, Eguchi Y. Selenium regulates transcription  factor NF-kappaɃ activation during the acute phase 

reaction. Clin. Chim. Acta, 334(1-2), 2003, 163-71. 

40. Giles JT, Bartiett SJ, Anderson R, Thompson R, Fontaine KR, Bathon JM. Association of body fat with C-reactive protein in 

rheumatoid arthritis. Arthritis Rheum, 58(9), 2008, 2632-2641. 



Oriaifo SE and Oriaifo NI. / IJPDT / 4(2), 2014, 79-85. 

85 | P a g e  
 

41. Morin-Papunen L, Rautio K, Ruokonen A, Hedberg P, Puukka M,  Tapanainen J. Metformin reduces serum C-reactive 

protein levels in women with polycystic ovary syndrome. J. Clin. Endocrinol. Metab, 88(10), 2003, 4649-4654. 

42. Arai M, Uchiba M, Komura H, MizuochI Y, Harada N, Okajima K.Metformin, an antidiabetic drug, suppresses the 

production of tumor  necrosis factor and tissue factor by inhibiting early growth response  factor-1 expression in human 

monocytes in vitro. JPET, 334(1), 2010, 206-213. 

43. Hattori Y, Suzuki K, Hattori S, Kikuo S. Metformin inhibits cytokine-induced nuclear factor-ĸɃ activation via AMP-

activated protein kinase activation in vascular endothelial cells. Hypertension, 47, 2006, 1183-1188. 

44. Xiao H, Ma X, Feng W, Fu Y, Lu Z, Xu M, Shen Q, Zhu Y, Zhang Y. Metformin attenuates cardiac fibrosis by inhibiting the 

TGF beta I –Smad 3 signalling pathway. Cardiovasc. Res, 87(3), 2010, 504-13. 

45. Hess A, Axmann R, Rech J, Finzel S, Heindl C, Kreitz S, Sergeeva M, Saake M, Garcia M, Kollias G. Blockade of TNF-

alpha rapidly inhibits pain responses in the central nervous system. PNAS, 2011.  

46. Bullimore DW (2003). Endometriosis is sustained by tumor necrosis factor-alpha. Medical Hypotheses. 60(1), 2003, 84-88. 

47. Kalariya NM, Shoeb M, Ansari NH, Srivastava SK, Ramana KV. Antidiabetic drug metformin suppresses endotoxin-induced 

uveitis in rats. Invest. Ophthalmol. Vis. Sci, 53(7), 2012, 3431-40. 

48. Kim SA, Choi HC. Metformin inhibits inflammatory response via AMPK-PTEN pathway in vascular smooth muscle cells. 

Biochim. Biophys. Res. Commun, 425(4), 2012, 866-72. 

49. Matsumoto T, Noguchi E, Ishida IC, Kobayashi T, Yamada N, Kamata K. Metformin normalizes endothelial function by 

suppressing vasoconstrictor prostanoids in mesenteric arteries from OLETF rats, a model of type 2 diabetes. Am. J. Physiol. 

Heart Circ. Physiol, 295(3), 2008, H1165-H1176 

50. Kisfalvi K, Eibi G, Sinnett-Smith J, Rozengurt E. Metformin disrupts cross-talk between G protein-coupled receptor and 

insulin receptor signaling systems and inhibits pancreatic cancer growth. Cancer Res, 69(16), 2009, 6539-6545. 

51. Oner G, Ozcelik B, Ozgun MT, Serin IS, Oztuck F, Basbug M. The effects of metformin and letrozole on endometriosis and 

comparison of the two treatment agents in a rat model. Hum. Reprod, 25(4), 2010, 932-937. 

52. Takemura Y, Osuga Y, Yoshino O, Hasegawa A, Hirata T, Hirota Y, Nose E, Morimoto C, Harada M, Koga K, Tajima T, 

Yano T, Taketani Y. Metformin suppresses interleukin (IL)-IɃ-induced IL-8 production, aromatase activation, and 

proliferation of endometriotic stromal cells.  The Journal of Clinical Endocrinology and Metabolism, 92(8), 2007, 3213-

3218. 

53. Yilmaz B, Sucak A, Kilic S, Aksakal O, Akson Y, Lortias N, Sut N, Gungor T. Metformin regresses endometriotic implants 

in rats by improving implant levels of superoxide dismutase, vascular endothelial growth factor, tissue inhibitor of 

metalloproteinase-2,  and matrix metalloproteinase-9.  Am. J. Obstet. Gynecol, 20(4), 2010, 368. 

54. Loverro G, Maiorano E, Napoli A, Selvaggi L, Marra E, Perlino E. Transforming growth factor-beta I and insulin-like growth 

factor-I  expression in ovarian endometriotic cysts: a preliminary study. Int. J.  Mol. Med, 7(4), 2001, 423-429. 

55. Kanzler S, Lohse AW, Keil A, Henninger J, Dienes HP, Schirmacher P, Rose-John S, zum Buschenfelde KH, Blessing M. 

TGF-beta-1 in liver fibrosis: an inducible transgenic mouse model to study liver fibrogenesis. Am. J. Physiol, 276(4Pt 1), 

1999, 1059-68. 

56. Vongpatanasin W, Tuncel M, Wang Z, Arbique D, Mehrad B, Jialal I. Differential effects of oral versus transdermal 

oestrogen replacement therapy on C-reactive protein in post-menopausal women. J. Am. Coll. Cardiol, 41(8), 2003, 1358-

1363. 

57. Xie Y, Wang YL, Yu L, Hu Q, Ji L, Zhang Y, Lino QP. Metformin progesterone receptor phenotype of breast promotes 

progesterone receptor expression via inhibition of mammalian target of rapamycin (mTOR) in endometrial cancer lines. J. 

Steroid Biochem. Mol. Biol,  2011, 126, 113-120. 

58. Brown KA, Hunger NI, Docanto M, Simpson E. Metformin inhibits aromatase expression in human breast adipose stromal 

cells via stimulation of AMP-activated protein kinase. Breast Cancer Res. Treat, 123, 2010, 591-596. 

59. Jung J-W, Park S-B, Lu S-J, Seo M-S, Trosko JE, Kang K-S. Metformin represses self-renewal of the human breast 

carcinoma stem cells via inhibition of estrogen receptor mediated OCT4 expression. PLoS ONE, 2011. 

60. Schmandt RE, Iglesias DA, Co NH, Lu NA. The link between obesity and endometrial cancer. Am. J. Obstet. Gynecol, 205, 

2011, 518-525. 

61. Heublein S, Lenhard M, Vrekoussis T, Schoepfer J, Kuhn C, Friese K, Makrigiannakis A, Mayr D, Jeschke U. The G-

protein- coupled estrogen receptor (GPER) is expressed in normal human ovaries and is upregulated in ovarian endometriosis 

and pelvic inflammatory disease involving the ovary. Reproductive Sciences, 19(11), 2012, 1197-1204. 

62. Rozengurt E, Sinnett-Smith J, Kisfalvi K. Cross-talk between insulin/insulin-like growth factor-1 receptors and G-protein 

coupled receptor signaling systems: a novel target for the  antidiabetic drug metformin in pancreatic cancer. Clin. Cancer 

Res, 16, 2010, 2505-2511. 

63. Awartani KA, Cheung AP. Metformin and polycystic ovary syndrome: a literature review. J. Obstet. Gynecol, 24(5), 2002, 

393-401. 

 


