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Abstract 

Background: Polycystic ovarian syndrome (PCOS) is a common 
endocrine disorder in women. Women with PCOS have androgen 
excess as a defining feature. They also have increased insulin resistance 
and obesity, which are also risk factors for non-alcoholic fatty liver 
disease (NAFLD). However, published data regarding PCOS as 
independent risk factor for NAFLD remain controversial. To determine 
the prevalence of NAFLD and metabolic syndrome in patients with 
PCOS, and to verify if there is a correlation between NAFLD and 
metabolic syndrome in this population. Material & Methods: The 
prospective study was developed to determine the prevalence of 
NAFLD and MS in adult women with PCOS. Patients were admitted to 
the Bangladesh Institute of Research and Rehabilitation in Diabetes 
(BIRDEM), Dhaka, Bangladesh which treats patients with Diabetes 
Mellitus from all over the country Bangladesh. The study sessions were 
conducted from January 2020 to December 2020. Results: A total 213 
patients were included and analyzed into two groups. Of these, 153 
were diagnosed with PCOS, and 60 had other diagnoses. In the PCOS 

group, 36 (23.53%) patients had NAFLD, and 117 (76.47%) patients did not 

have NAFLD. From the control group, only two patients had NAFLD, and 

NAFLD was absent in 58 (96.67%) patients. In the control group, we found 
16 (26.67%) patients with metabolic syndrome (NCEP/ATP III criteria) 
and 44 (73.33%) patients without metabolic syndrome (NCEP/ATP III 
criteria). From another perspective, describes the PCOS group, there are 
68(44.44%) patients with metabolic syndrome (IDF criteria) and 85 
(55.56%) patients without metabolic syndrome (IDF criteria). In the 
control group, we found 22 (36.67%) patients with metabolic syndrome 
(IDF criteria) and 38 (63.33%) patients without metabolic syndrome 
(IDF criteria). Conclusions: The mechanism of development of NAFLD 
in PCOS women is not fully known. Besides the progress in the 
diagnosis of NAFLD in PCOS, there is a lack of knowledge about 
mechanisms that lead to the development of NAFLD in PCOS. Future 
studies which would integrate epidemiological, clinical, and molecular 
investigations about NAFLD in PCOS will have a key role in the 
development of new diagnostic and therapeutic approaches of NAFLD 
in PCOS. 

https://aimdrjournal.com/


Annals of International Medical and Dental Research 

E-ISSN: 2395-2822 | P-ISSN: 2395-2814 

  Vol-8, Issue-5 | September-October 2022 

DOI: 10.53339/aimdr.2022.8.5.24 

Page no- 181-189 | Section- Research Article (Surgery)  

 

182 
Copyright: ©The author(s), published in Annals of International Medical and Dental Research, Vol-8, Issue-5. This is an open access article under 

the Attribution-Non Commercial 2.0 Generic (CC BY-NC 2.0) license. (https://creativecommons.org/licenses/by-nc/2.0/) 

INTRODUCTION 

In women of childbearing age, Polycystic Ovary 
Syndrome (PCOS) is one of the most common 
endocrine disorders.[1] During the reproductive 
period, PCOS is estimated to affect 
approximately 6-10% of women with the 
classical definition of the syndrome as an 
endocrinological disease, and its prevalence 
increases to 18-20% when using the Rotterdam 
criteria.[2,3,4] Ultrasonography confirms that 
women with PCOS are characterized by 
ovulatory dysfunction, hyperandrogenism, and 
polycystic ovary morphology.[5] 
Hyperandrogenism usually manifests as 
hirsutism, acne, and alopecia, whereas 
ovulatory dysfunction manifests as 
oligomenorrhea, amenorrhea, and 
subfertility.[6,7] In addition to reproductive 
manifestations of PCOS, obesity and insulin 
resistance are present in this syndrome; It is 
considered that both have a leading role in the 
pathogenesis of PCOS.[6,8,9] Polycystic Ovary 
Syndrome (PCOS) is a multi-system 
reproductive metabolic disease that includes 
other health problems (Cardiovascular disease, 
Diabetes mellitus, and Cerebrovascular 
disease).[10,11,12,13] An additional disorder 
associated with insulin resistance is a 
nonalcoholic fatty liver disease (NAFLD) in the 
Western world which is one of the most 
common causes of chronic liver disease, with a 
prevalence of approximately 6.3-33% in the 
general population.[14,15,16] This disease 
represents a spectrum of disorders, including 
not only hepatic steatosis (fat accumulation in 
liver tissue without inflammation) but also 
steatohepatitis (accumulation of fat in liver 
tissue with inflammation and hepatocellular 
injury) with or without fibrosis, which may be 

liver cirrhosis and possibly hepatocellular 
carcinoma.[17,18] Although NAFLD is a growing 
health problem, the actual pathogenesis of 
NAFLD is unclear. However, it has been 
indicated that an unhealthy lifestyle, obesity, 
dyslipidemia, and ethnicity are risk factors for 
developing NAFLD, and like PCOS, insulin 
resistance has an essential role in the 
pathogenesis of NAFLD.[14,17,18] Interestingly, 
extrahepatic manifestations and 
endocrinopathies such as hypothyroidism, 
hypopituitarism, growth hormone deficiency, 
hypercortisolism, and early PCOS are 
associated with NAFLD.[19] NAFLD is strongly 
associated with obesity and insulin resistance as 
well as cardiovascular disease and diabetes 
mellitus type 2.[17,20,21] The occurrence of 
NAFLD is increased in women with PCOS, 
especially in women with high serum androgen 
levels, obesity, and insulin resistance; Thus, it is 
assumed that this multifactorial condition has 
one or more contact points rather than complete 
coexistence.[4] Therapeutic limitations due to the 
presence of NAFLD have multiple clinical 
consequences for the patient with PCOS, which 
clinicians encounter through clinical work. The 
most commonly used therapy for irregular 
uterine bleeding or amenorrhea in PCOS 
patients is a combination of oral contraceptives 
with antiandrogenic action, which can be used 
for a long time because they do not worsen 
metabolic parameters.[22] High ALT, which 
sometimes develops into NAFLD, is 
unfortunately a contraindication for 
contraceptives in situations requiring urgent 
and effective therapy. Correction of BMI, 
insulin resistance, and androgens, therapy with 
probiotics, and laboratory parameters 
improved PCOS and NAFLD. Considering how 
significant the health issues of NAFLD and 
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PCOS are and their increased prevalence 
worldwide, this review aims to present the 
epidemiology, pathophysiology, diagnosis, and 
treatment of PCOS regarding the possible 
molecular basis of the development of NAFLD 
in PCOS women. This study aimed to determine 
the prevalence of NAFLD and metabolic 
syndrome in patients with PCOS and to verify 
whether there is a correlation between NAFLD 
and metabolic syndrome in this population. 

MATERIAL AND METHODS 

The prospective study was developed to 
determine the prevalence of NAFLD and MS in 
adult women with PCOS. Patients were 
admitted to the Bangladesh Institute of 
Research and Rehabilitation in Diabetes 
(BIRDEM), Dhaka, Bangladesh which treats 
patients with Diabetes Mellitus from all over the 
country Bangladesh. The study sessions were 
conducted from January 2020 to December 
20210 during this period, 213 patients were 
included, among women with PCOS (n=153) 
and controls (n=60). The control group 
consisted of women who spontaneously sought 
medical care with symptoms of irregular 
menstrual cycles, infertility, hirsutism, acne, or 
problems trying to lose weight but did not have 
the criteria for PCOS. 

Inclusion criteria: 
• Women aged ≥18 years old 
• Confirmed with the diagnosis of PCOS based 

on Androgen Excess Society Guidelines (12) 
• Women who not using hormonal 

contraception for at least 3 months 
Exclusion criteria: 
• Previous history of chronic liver disease 
• Suffering from conditions that can occur with 

known liver enzyme abnormalities 

• Using medication that are risk factors for 
NAFLD such as corticosteroids, tamoxifen, 
amiodarone, diltiazem, protease inhibitors 
(ARVs) 

• Using metformin for hirsutism because it 
may interfere with blood glucose levels 

• Daily consumption of ethanol ≥20 grams 
• Failure to agree to participate 
All data were presented in a suitable table or 
graph according to their affinity. A description 
of each table and graph was given to 
understand them clearly. All statistical analysis 
was performed using the statistical package for 
social science (SPSS) program, and Windows. 
Continuous parameters were expressed as 
mean ±SD and categorical parameters as 
frequency and percentage. The significance of 
the results as determined by a value of P<0.05 
was considered to be statistically significant. 

RESULTS 

This is a prospective case-control study; 213 
patients were included and analyzed in two 
groups. Of these, 153 were diagnosed with 
PCOS, and 60 had other diagnoses. Patients 
were first divided into the PCOS group and 
control group. These groups were compared on 
various criteria such as age, weight, BMI, and 
waist circumference. We observed that patients 
with PCOS, even younger than the control 
group, showed higher weight, higher BMI, and 
larger waist circumference [Table 1]. Patients 
with PCOS showed worse levels of HDL 
compared to the control group. Furthermore, 
patients in the first group had a higher HOMA 
index than the second group, showing higher 
insulin levels [Table 2]. There was no significant 
difference between the analyzed groups 
regarding the prevalence of MS diagnosis 
(NCEP/ATP III and IDF criteria). Thus, it is 
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understandable why these patients show a 
higher HOMA index and a higher prevalence of 
PCOS than patients without liver disease, 
regardless of the criteria used. PCOS and 
control groups were also compared regarding 
the prevalence of NAFLD; In the PCOS group, 
36 (23.53%) patients had NAFLD, and 117 
(76.47%) patients did not have NAFLD. From 
the control group, only two patients had 
NAFLD, and NAFLD was absent in 58 (96.67%) 
patients [Table 3]. Finally, PCOS patients were 
divided into two groups: PCOS with NAFLD 
and isolated PCOS. Both groups were compared 
according to the same clinical and laboratory 
criteria in [Table 1]. Under the PCOS group, 
there are 50 (32.68%) patients with metabolic 

syndrome (NCEP/ATP III criteria) and 103 
(67.32%) patients without (NCEP/ATP III 
criteria). In the control group, we found 16 
(26.67%) patients with metabolic syndrome 
(NCEP/ATP III criteria) and 44 (73.33%) 
patients without metabolic syndrome 
(NCEP/ATP III criteria) in [Table 4]. From 
another perspective, Table 5 describes the PCOS 
group, there are 68(44.44%) patients with 
metabolic syndrome (IDF criteria) and 85 
(55.56%) patients without metabolic syndrome 
(IDF criteria). In the control group, we found 22 
(36.67%) patients with metabolic syndrome 
(IDF criteria) and 38 (63.33%) patients without 
metabolic syndrome (IDF criteria). 

 

Table 1: Clinical characteristics of the study population. 
Variables Group PCOS (n=153) Control group (n=60) P-value 

Age (years) ± DP 26.8 ± 5 33.7 ± 7 0.01 

Weight (kg) ± DP 74 ± 20 67.5 ± 13 0.03 

BMI(kg/m2 ) ± DP 28.5 ± 6 26.1 ± 4 0.02 

Waist circumference (cm) ± DP 91.6 ± 16 86.4 ± 12 0.05 
 

Table 2: Oral glucose tolerance test of the study population. 
Variables Group PCOS (n=153) Control group (n=60) P-value 

Oral glucose tolerance test 95.6 ± 8 97.6 ± 8 0.2 

Blood glucose after 2 hours (mg/dL) ± DP 109.8 ± 28 107.3 ± 21 0.6 

The area under the curve OGTT 1335.9 ± 216 1332.2 ± 169 0.7 

Triglycerides (mg/dL) ± DP 103.3 ± 60 101.7 ± 41 0.8 

HDL (mg/dL) ± DP 45.6 ± 11 49.9 ± 10 0.05 

SBP (mmHg) ± DP 116 ± 13 114 ± 13 0.6 

SBP (mmHg) ± DP 74 ± 12 72 ± 12 0.3 

MAP (mmHg) ± DP 129.6 ± 15 128.7 ± 14 0.7 

Insulin (µUI/mL) ± DP 12.2 ± 10 8 ± 7 0.02 

HOMA ± DP 2.9 ± 2 2 ± 2 0.03 
 

Table 3: Comparison of the prevalence of non-alcoholic fatty liver disease between patients with 
polycystic ovary syndrome group and control group. 
NAFLD PCOS group (n=153) Control group (N=60) 

N % N % 

Present 36 23.53 2 3.33 

Absent 117 76.47 58 96.67 
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Table 4: Metabolic syndrome (NCEP/ATP III criterion) 
Variables Group PCOS (n=153) Control group (n=60) 

N % N % 

Present 50 32.68 16 26.67 

Absent 103 67.32 44 73.33 

 
Table 5: Metabolic syndrome (IDF criteria) 
Variables Group PCOS (n=153) Control group (n=60) 

N % N % 

Present 68 44.44 22 36.67 

Absent 85 55.56 38 63.33 

 
DISCUSSION 

Published studies on the association between 
PCOS and NAFLD are still few, and recently, 
they have evaluated populations with different 
lifestyles and genetic backgrounds from the 
Bangladeshi population. A study applied PCOS 
diagnostic criteria to 14 women with NAFLD, 
finding a prevalence of 71% in this 
population.[25] Our results correlate polycystic 
ovary syndrome with metabolic syndrome. It 
appears that patients with PCOS, although not 
presenting a higher incidence of MS, have 
hyperinsulinemia, are overweight, have 
increased waist circumference, and already 
begin to show lipoprotein changes. A common 
pathogenic mechanism of these two entities is 
insulin resistance, so it is expected that these 
women, if not monitored and treated, may 
develop MS and even NAFLD in the future. 
Once patients develop NAFLD, the worst score 
on MS defining criteria is expected. However, it 
should be remembered that NAFLD is already 
a cardiovascular risk factor, and the assistant 
physician should not, thus, wait for changes in 
glucose or lipids levels before beginning 
treatment. It is expected that physicians, 
especially gynecologists, look out not only for 

the reproductive and aesthetic effects but also 
for the metabolic and liver consequences of 
PCOS in particular. Further research will be 
important for future reference to answer 
whether it is valid to monitor all patients with 
PCOS for non-alcoholic fatty liver disease. Since 
insulin resistance has been recognized as a 
frequent and key feature in both NAFLD and 
PCOS, we sought to establish the frequency of 
NAFLD in PCOS patients.[6,7,24,25,26] 
Furthermore, half of these patients exhibited 
abnormal ALT levels, suggesting they may have 
NASH, a more severe form of NAFLD, although 
this remains to be proven. These findings are 
interesting since the women included in this 
study were young (mean age 24.6 years) and 
therefore eligible for early detection and 
treatment of potentially progressive liver 
disease.[1,19] Thus, the first implication of this 
study is that physicians that provide care for 
patients with PCOS must be aware of the need 
to evaluate NAFLD in this population. 
Published data on the co-existence of PCOS and 
NAFLD are limited to two retrospective studies 
and one case report.[15,16,27] The first published 
study was carried out by Seiji et al. and 
consisted of a retrospective chart review of 
PCOS patients attending an academic 
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endocrinology clinic.[15] Histological 
examination of the liver found evidence of 
NASH with varying degrees of fibrosis. The 
authors focused the analysis on the latter group 
of biopsy-proven NASH and found that these 
patients had lower HDL and higher 
triglycerides, fasting insulin, and 
aminotransferase levels. Besides some 
methodological limitations [i.e., retrospective 
nature, referral bias, availability of complete 
data on all patients], this study indicates that 
severe liver disease may occur in PCOS. In the 
case of the recent report by Gambarin-Gelwan 
et al,[16] where a similar methodology to that of 
the present study was used, the authors found 
NAFLD in 55% of subjects with PCOS, a similar 
figure to the 41.5% found in our patients. It may 
be considered a relatively high frequency since 
the estimated prevalence of NAFLD in the 
general population ranges from 3% to 24%, with 
most estimates in the 6% to 14% range.[28] 
Although data regarding the prevalence of 
NAFLD in Chile are scarce, a recent 
epidemiological study designed to assess 
gallbladder disease in this country found 
ultrasonographic evidence of NAFLD in 22.5% 
of the population.[29] Interestingly, some studies 
indicate that Hispanic ethnicity, which is 
predominant in Chile, may increase 
susceptibility to NAFLD.[30,31] If this is the case, 
the high frequency of NAFLD seen in our 
patients with PCOS may be influenced by their 
Hispanic ancestry. Also similar to our study, 
Gambarin-Gelwan et al. found that steatosis 
was associated with a greater BMI and HOMA-
IR, indicating that obesity and insulin resistance 
are major determinants of NAFLD in PCOS 
patients. Interestingly, a comparison of PCOS 
patients with a group of women without PCOS 
but of similar age and BMI showed that PCOS 

patients have higher HOMA-IR scores than 
their non-PCOS counterparts. Thus, PCOS 
patients seem to have more severe insulin 
resistance for a given BMI, likely contributing to 
a greater prevalence of NAFLD. It agrees with 
evidence suggesting that androgens and insulin 
resistance seem to have synergistic effects in 
PCOS patients.[32] Thus, the higher prevalence 
of NAFLD in patients with PCOS may be 
related to the fact that insulin resistance has a 
higher frequency and is more severe in PCOS 
patients. This study may also be related to the 
observed frequency of liver enzyme 
abnormalities (51%) in subjects with 
demonstrated hepatic steatosis by 
ultrasonography. This subgroup of patients 
may potentially have NASH, the more severe 
form of NAFLD, raising the possibility of an 
increased frequency of NASH in patients with 
PCOS since the reported frequency of NASH in 
NAFLD ranges from 20% to 30% of patients.[33] 
However, this remains speculative, and a liver 
biopsy would have been required to 
characterize this issue further. Although 
histological examination of the liver remains the 
most sensitive diagnostic tool in NAFLD, it was 
not considered in this study since deciding 
when to perform a liver biopsy in NAFLD is 
controversial and has to be made on an 
individual basis.[34,35] Interestingly, as 
mentioned earlier, in the report of Seiji et al,[15] 
all six women with abnormal liver enzymes 
who underwent liver biopsy had evidence of 
NASH and fibrosis despite their young age. 
Thus, severe insulin resistance and obesity may 
contribute to NASH in PCOS patients. 
However, further studies are needed to define 
better the role of liver biopsy in the diagnostic 
evaluation of these patients. Our study has both 
strengths and limitations. First, patients and 
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controls were prospectively recruited, and all 
pertinent data were available at the time of 
analysis, including a serologic workup to 
exclude other causes of liver disease. Second, 
both diagnoses of PCOS and NAFLD were 
made on a homogeneous basis by the same 
group of physicians, which gives consistency to 
the clinical findings. Third, when recruited to 
the study, patients were not receiving any 
treatment like contraceptives, metformin, or 
other insulin sensitizers. Among the limitations 
are the relatively small number of patients and 
their exclusive Hispanic ethnicity. Both factors 
may preclude the applicability of findings to the 
general population. In conclusion, findings 
consistent with NAFLD are frequent in patients 
with PCOS, confirming a relevant clinical 
association. Abnormal aminotransferase levels 
were found in more than half of patients with 
NAFLD and PCOS, suggesting an increased 
frequency of NASH in patients with PCOS, 
likely related to more severe insulin resistance. 
Thus, women with PCOS should be screened 
for liver disease, given the potentially 
progressive nature of the disease and the 
possibility of early introduction of lifestyle 
changes that may improve NALFD (i.e., 
moderate exercise and weight loss).[27] In 
addition, some women may be candidates for 

specific drug treatment.[36] Further studies are 
needed to define the set of studies (including a 
liver biopsy or non-invasive markers of fibrosis) 
to be carried out in patients with PCOS and 
NAFLD, as well as the treatment strategy to be 
used in these patients. 

Limitations of the study 

The study was conducted in a single hospital 
with small sample size. So, the results may not 
represent the whole community. 

CONCLUSIONS 

Patients with PCOS have a higher prevalence of 
NAFLD than BMI-matched controls. IR and 
LAP are independently associated with NAFLD 
in this population. Given the high prevalence of 
NAFLD in patients with PCOS and its 
association with increased risk for T2DM and 
CVD, screening of women with PCOS for the 
presence of NAFLD appears reasonable, 
particularly in patients with abdominal obesity 
and elevated triglyceride levels. Interventional 
studies are also needed to evaluate whether 
targeting IR, obesity and elevated TG levels will 
also translate into beneficial effects on hepatic 
steatosis and its cardiometabolic sequelae in 
patients with PCOS. 

 

REFERENCES 

1. Hoeger KM, Dokras A, Peltonen T. Update on PCOS: 
consequences, challenges, and guiding treatment. The 
Journal of Clinical Endocrinology & Metabolism. 
2021;06(3): e1071-83. 

2. Tian L, Zou Y, Tan J, Wang Y, Chen J, Xia L, et al. 
Androgen receptor gene mutations in 258 Han 
Chinese patients with polycystic ovary syndrome. Exp 
Ther Med. 2021;21(1):31. doi: 10.3892/etm.2020.9463.  

3. Kiconco S, Mousa A, Azziz R, Enticott J, Suturina LV, 
Zhao X, et al. PCOS Phenotype in Unselected 
Populations Study (P-PUP): Protocol for a Systematic 
Review and Defining PCOS Diagnostic Features with 
Pooled Individual Participant Data. Diagnostics 
(Basel). 2021;11(11):1953. doi: 
10.3390/diagnostics11111953.  

4. Spremović Rađenović S, Pupovac M, Andjić M, Bila J, 
Srećković S, Gudović A, et al. Prevalence, Risk Factors, 
and Pathophysiology of Nonalcoholic Fatty Liver 
Disease (NAFLD) in Women with Polycystic Ovary 

https://aimdrjournal.com/


Annals of International Medical and Dental Research 

E-ISSN: 2395-2822 | P-ISSN: 2395-2814 

  Vol-8, Issue-5 | September-October 2022 

DOI: 10.53339/aimdr.2022.8.5.24 

Page no- 181-189 | Section- Research Article (Surgery)  

 

188 
Copyright: ©The author(s), published in Annals of International Medical and Dental Research, Vol-8, Issue-5. This is an open access article under 

the Attribution-Non Commercial 2.0 Generic (CC BY-NC 2.0) license. (https://creativecommons.org/licenses/by-nc/2.0/) 

Syndrome (PCOS). Biomedicines. 2022;10(1):131. doi: 
10.3390/biomedicines10010131.  

5. Won YB, Seo SK, Yun BH, Cho S, Choi YS, Lee BS. 
Non-alcoholic fatty liver disease in polycystic ovary 
syndrome women. Sci Rep. 2021;11(1):7085. doi: 
10.1038/s41598-021-86697-y.  

6. Polyzos SA, Goulis DG, Kountouras J, Mintziori G, 
Chatzis P, Papadakis E, et al. Non-alcoholic fatty liver 
disease in women with polycystic ovary syndrome: 
assessment of non-invasive indices predicting hepatic 
steatosis and fibrosis. Hormones (Athens). 
2014;13(4):519-31. doi: 10.14310/horm.2002.1493.  

7. Spremović Rađenović S, Pupovac M, Andjić M, Bila J, 
Srećković S, Gudović A, et al. Prevalence, Risk Factors, 
and Pathophysiology of Nonalcoholic Fatty Liver 
Disease (NAFLD) in Women with Polycystic Ovary 
Syndrome (PCOS). Biomedicines. 2022;10(1):131. doi: 
10.3390/biomedicines10010131.  

8. Meng J, Zhu Y. Efficacy of simvastatin plus metformin 
for polycystic ovary syndrome: A meta-analysis of 
randomized controlled trials. Eur J Obstet Gynecol 
Reprod Biol. 2021;257:19-24. doi: 
10.1016/j.ejogrb.2020.11.070.  

9. Kalyanaraman R, Pal L. A Narrative Review of 
Current Understanding of the Pathophysiology of 
Polycystic Ovary Syndrome: Focus on Plausible 
Relevance of Vitamin D. Int J Mol Sci. 2021;22(9):4905. 
doi: 10.3390/ijms22094905.  

10. Luan YY, Zhang L, Peng YQ, Li YY, Liu RX, Yin CH. 
Immune regulation in polycystic ovary syndrome. 
Clin Chim Acta. 2022;531:265-272. doi: 
10.1016/j.cca.2022.04.234.  

11. Wekker V, van Dammen L, Koning A, Heida KY, 
Painter RC, Limpens J, et al. Long-term 
cardiometabolic disease risk in women with PCOS: a 
systematic review and meta-analysis. Hum Reprod 
Update. 2020;26(6):942-960. doi: 
10.1093/humupd/dmaa029.  

12. Leiva-Valderrama JM, Montes-de-Oca-Garcia A, 
Opazo-Diaz E, Ponce-Gonzalez JG, Molina-Torres G, 
Velázquez-Díaz D, et al. Effects of High-Intensity 
Interval Training on Inflammatory Biomarkers in 
Patients with Type 2 Diabetes. A Systematic Review. 
Int J Environ Res Public Health. 2021;18(23):12644. doi: 
10.3390/ijerph182312644.  

13. Osibogun O, Ogunmoroti O, Kolade OB, Hays AG, 
Okunrintemi V, Minhas AS, et al. A Systematic 
Review and Meta-Analysis of the Association Between 

Polycystic Ovary Syndrome and Coronary Artery 
Calcification. J Womens Health (Larchmt). 
2022;31(6):762-771. doi: 10.1089/jwh.2021.0608.  

14. Li Y, Tang Y, Shi S, Gao S, Wang Y, Xiao D, et al. 
Tetrahedral Framework Nucleic Acids Ameliorate 
Insulin Resistance in Type 2 Diabetes Mellitus via the 
PI3K/Akt Pathway. ACS Appl Mater Interfaces. 
2021;13(34):40354-40364. doi: 10.1021/acsami.1c11468.  

15. Głuszyńska P, Lemancewicz D, Dzięcioł JB, Razak 
Hady H. Non-Alcoholic Fatty Liver Disease (NAFLD) 
and Bariatric/Metabolic Surgery as Its Treatment 
Option: A Review. J Clin Med. 2021;10(24):5721. doi: 
10.3390/jcm10245721.  

16. Słomko J, Zalewska M, Niemiro W, Kujawski S, 
Słupski M, Januszko-Giergielewicz B, et al. Evidence-
Based Aerobic Exercise Training in Metabolic-
Associated Fatty Liver Disease: Systematic Review 
with Meta-Analysis. J Clin Med. 2021;10(8):1659. doi: 
10.3390/jcm10081659.  

17. Słomko J, Zalewska M, Niemiro W, Kujawski S, 
Słupski M, Januszko-Giergielewicz B, et al. Evidence-
Based Aerobic Exercise Training in Metabolic-
Associated Fatty Liver Disease: Systematic Review 
with Meta-Analysis. J Clin Med. 2021;10(8):1659. doi: 
10.3390/jcm10081659.  

18. Younossi Z, Anstee QM, Marietti M, Hardy T, Henry 
L, Eslam M, et al. Global burden of NAFLD and 
NASH: trends, predictions, risk factors and 
prevention. Nat Rev Gastroenterol Hepatol. 
2018;15(1):11-20. doi: 10.1038/nrgastro.2017.109.  

19. Singeap AM, Stanciu C, Huiban L, Muzica CM, 
Cuciureanu T, Girleanu I, et al. Association between 
Nonalcoholic Fatty Liver Disease and 
Endocrinopathies: Clinical Implications. Can J 
Gastroenterol Hepatol. 2021;2021:6678142. doi: 
10.1155/2021/6678142.  

20. Kabarra K, Golabi P, Younossi ZM. Nonalcoholic 
steatohepatitis: global impact and clinical 
consequences. Endocr Connect. 2021;10(10):R240-
R247. doi: 10.1530/EC-21-0048.  

21. Spremović Rađenović S, Pupovac M, Andjić M, Bila J, 
Srećković S, Gudović A, et al. Prevalence, Risk Factors, 
and Pathophysiology of Nonalcoholic Fatty Liver 
Disease (NAFLD) in Women with Polycystic Ovary 
Syndrome (PCOS). Biomedicines. 2022;10(1):131. doi: 
10.3390/biomedicines10010131.  

22. Setji TL, Holland ND, Sanders LL, Pereira KC, Diehl 
AM, Brown AJ. Nonalcoholic steatohepatitis and 

https://aimdrjournal.com/


Annals of International Medical and Dental Research 

E-ISSN: 2395-2822 | P-ISSN: 2395-2814 

  Vol-8, Issue-5 | September-October 2022 

DOI: 10.53339/aimdr.2022.8.5.24 

Page no- 181-189 | Section- Research Article (Surgery)  

 

189 
Copyright: ©The author(s), published in Annals of International Medical and Dental Research, Vol-8, Issue-5. This is an open access article under 

the Attribution-Non Commercial 2.0 Generic (CC BY-NC 2.0) license. (https://creativecommons.org/licenses/by-nc/2.0/) 

nonalcoholic Fatty liver disease in young women with 
polycystic ovary syndrome. J Clin Endocrinol Metab. 
2006;91(5):1741-7. doi: 10.1210/jc.2005-2774.  

23. Mohamadin AM, Habib FA, Al-Saggaf AA. 
Cardiovascular disease markers in women with 
polycystic ovary syndrome with emphasis on 
asymmetric dimethylarginine and homocysteine. Ann 
Saudi Med. 2010;30(4):278-83. doi: 10.4103/0256-
4947.65255.  

24. Legro RS, Castracane VD, Kauffman RP. Detecting 
insulin resistance in polycystic ovary syndrome: 
purposes and pitfalls. Obstet Gynecol Surv. 
2004;59(2):141-54. doi: 
10.1097/01.OGX.0000109523.25076.E2.  

25. Meyer C, McGrath BP, Teede HJ. Effects of medical 
therapy on insulin resistance and the cardiovascular 
system in polycystic ovary syndrome. Diabetes Care. 
2007;30(3):471-8. doi: 10.2337/dc06-0618.  

26. Farrell GC, Larter CZ. Nonalcoholic fatty liver disease: 
from steatosis to cirrhosis. Hepatology. 2006;43(2 
Suppl 1):S99-S112. doi: 10.1002/hep.20973.  

27. Adams LA, Angulo P, Lindor KD. Nonalcoholic fatty 
liver disease. CMAJ. 2005;172(7):899-905. doi: 
10.1503/cmaj.045232.  

28. Clark JM. The epidemiology of nonalcoholic fatty liver 
disease in adults. J Clin Gastroenterol. 2006;40 Suppl 
1:S5-10. doi: 10.1097/01.mcg.0000168638.84840.ff.  

29. Nervi F, Miquel JF, Alvarez M, Ferreccio C, García-
Zattera MJ, González R, et al. Gallbladder disease is 
associated with insulin resistance in a high risk 
Hispanic population. J Hepatol. 2006;45(2):299-305. 
doi: 10.1016/j.jhep.2006.01.026.  

30. Weston SR, Leyden W, Murphy R, Bass NM, Bell BP, 
Manos MM, et al. Racial and ethnic distribution of 

nonalcoholic fatty liver in persons with newly 
diagnosed chronic liver disease. Hepatology. 
2005;41(2):372-9. doi: 10.1002/hep.20554.  

31. Browning JD, Szczepaniak LS, Dobbins R, Nuremberg 
P, Horton JD, Cohen JC, et al. Prevalence of hepatic 
steatosis in an urban population in the United States: 
impact of ethnicity. Hepatology. 2004;40(6):1387-95. 
doi: 10.1002/hep.20466.  

32. Diamanti-Kandarakis E, Papavassiliou AG. Molecular 
mechanisms of insulin resistance in polycystic ovary 
syndrome. Trends Mol Med. 2006;12(7):324-32. doi: 
10.1016/j.molmed.2006.05.006.  

33. Adams LA, Angulo P. Recent concepts in non-
alcoholic fatty liver disease. Diabet Med. 
2005;22(9):1129-33. doi: 10.1111/j.1464-
5491.2005.01748.x.  

34. Day CP. Non-alcoholic fatty liver disease: current 
concepts and management strategies. Clin Med 
(Lond). 2006;6(1):19-25. doi: 10.7861/clinmedicine.6-1-
19.  

35. Joy D, Thava VR, Scott BB. Diagnosis of fatty liver 
disease: is biopsy necessary? Eur J Gastroenterol 
Hepatol. 2003;15(5):539-43. doi: 
10.1097/01.meg.0000059112.41030.2e.  

36. Portincasa P, Grattagliano I, Palmieri VO, Palasciano 
G. Current pharmacological treatment of nonalcoholic 
fatty liver. Curr Med Chem. 2006;13(24):2889-900. doi: 
10.2174/092986706778521878. 

 
Source of Support: Nil, Conflict of Interest: None 

declared 

 

https://aimdrjournal.com/

