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Abstract 

Background - Polycystic ovarian syndrome (PCOS) and fatty liver disease are considered to be off-shoots 

of insulin resistance. However, the link between the two disorders have recently been found to be variable.  

Objective - To explore the association of fatty liver disease with PCOS and to model the association of 

hyperandrogenism, obesity and insulin resistance indices among subjects with or without PCOS and fatty 

liver disease. 

Methodology - This study was carried out between Jan-2018 to Aug-2019 at PNS HAFEEZ hospital. Odds 

ratio (OR) for having PCOS with fatty liver disease were calculated. We utilized general linear model 

(GLM) by keeping hyperandrogenism, abdominal volume index (AVI) and insulin resistance as dependent 

variables against PCOS and fatty liver disease as independent factors. 
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Results - OR for having PCOS in subjects with fatty liver disease was 1.34(95%CI: 1.34(0.868-2.065). 

Using Free Androgen Index(FAI) as dependent variable and fatty liver and PCOS as fixed factors in a GLM 

analysis, the group wise differences are depicted as: Group-1:No Fatty liver+No PCOS=2.37(+1.30),n=97), 

Group-2:No PCOS+Fatty Liver=3.35(+2.23),n=66), Group-3:PCOS+No Fatty Liver=6.08(+5.05),n=88), and 

Group-4:PCOS+Fatty Liver=6.83(+4.70),n=80).(p<0.001). Abdominal obesity was not associated with 

PCOS (p=0.980), but was significantly associated with fatty liver disease (p<0.001).  

Conclusion - Presence of fatty liver disease in females can lead to slightly higher frequency of PCOS. 

Biochemical and clinical hyperandrogenism were associated with presence of PCOS, while abdominal 

obesity and insulin resistance were linked with fatty liver disease. 

Keywords - Polycystic ovarian syndrome (PCOS), free androgen index (FAI), modified Ferriman-Gallwey 

score (mFG score), fatty liver and Rotterdam PCOS criteria. 

Background 

 

Lipids are considered as the mainstream culprits in pathogenesis of development of polycystic ovarian 

syndrome (PCOS) and fatty liver disease. [1, 2] Therefore the probability based upon the famous “Common 

Soil Hypothesis” dealing in directly with metabolic syndrome suggest a common linkage between the two 

pathogenic disorders. [3] Both PCOS and Fatty liver disease amounts to multiple complications. PCOS has 

been shown to result in hirsutism and reproductive issues. [4], while fatty liver disease is associated with 

acceleration liver damage leading to cirrhosis and hepatocellular carcinoma (HCC). [5] 

 

While the mechanism seems more understandable in terms of extra fat accumulation within liver but some 

evidence indicates PCOS phenotype variability does allow differential association with fatty liver disease. 

Macut et al have shown that subjects having higher serum testosterone, a hallmark of PCOS are associated 

with a two-fold increased risk of fatty liver. [6] Rocha et al in their systematic review from 2007 to 2017 

highlighted that prevalence of PCOS with NAFLD remains variable, but the combined presence of PCOS 

and NAFLD results in higher degree of clinical and biochemical hyperandrogenism than the female subjects 

only demonstrating PCOS with former category more associated with metabolic derangements. [7] Contrary 

to that there is evidence where both fatty liver disease and PCOS are associated and attributed to common 

pathogenesis. The research work by Vassilatou et al have demonstrated that lipid based abnormalities are 

central to the development of PCOS and NAFLD; however, he categorized data from PCOS patients as 

either being obese or otherwise. [8] Similarly, Kauffman et al have demonstrated that PCOS and NAFLD 

can occur due to common pathogenic mechanisms including androgen excess and insulin resistance. [9, 2] 
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So, the obvious question arises as to how fat accumulation or associated metabolic defects differentially 

affect the two organs? While PubMed data search indicates both fatty liver disease /NASH/NAFLD and 

PCOS both being the off-shoots of insulin resistance, [10] still there are both genetic and epigenetic  

mechanism at work which can probably change the overall phenotype of metabolic syndrome and related 

diseases. In this regard a study from Poland had identified GG genotype variation to result in higher 

frequency of NAFLD in PCOS than PCOS subjects without Cannabinoid Receptor-1 gene polymorphism 

thus highlighting genetic predilections towards PCOS-fatty liver occurrence. [11] Similarly, Jones et al have 

identified higher risk of fatty liver disease with hyperandrogenism associated PCOS in comparison to female 

subjects having reduced hyperandrogenism independent of insulin resistance. [12] Bruce et al by 

highlighting the concept of “Metabolic Circadian Clock System” have attempted to highlight epigenetic 

factor from environmental triggers which change the phenotypic presentation of metabolic syndrome, and 

thus can be interpreted indirectly as the effect of regional effects or ethnic triggers. [13] Another aspect of 

this is the adipocyte size which has been shown to result in variability in hepatic steatosis [14], which have 

been smaller but with increase adipocyte area in Asian population than Caucasians and so the affect could be 

due to specific racial reasons [15]. So racial differences due to variability adipocyte area, genetic factors and 

epigenetic influences need to be considered and may probably be different in whatever has been observed 

elsewhere. Based upon these newly emerging evidence a compelling need was therefore felt to learn the 

association between the PCOS, fatty liver disease and androgenicity which were supposedly to be associated 

due to common trigger i.e., insulin resistance. 

 

A study is therefore planned to explore the association of fatty liver disease, PCOS and hyperandrogenism 

by estimating the hirsutism, anthropometric, biochemical and endocrine differences (Free androgen index) 

between subjects with fatty liver associated PCOS and non-fatty liver PCOS. 

 

Methods 

 

We planned a cross-sectional analysis among reproductive-age female subjects after formal approval of 

hospital’s ethical review committee of PNS HAFEEZ Hospital. The study involved department of radiology, 

pathology, obstetrics and gynecology. The duration of study was 18 months from Jan-2018 to Aug-2019. 

Females in reproductive age post 2 years of menarche were initially included as target population. Patient 

selection was based non-probability convenience mode of sampling. Females who some acute or chronic 

conditions including pelvic inflammatory disease, metabolic diseases like hypertension, diabetes and 

ischemic heart disease, autoimmune disorder, on any medication, fertility treatment, or other unknown drugs 

were excluded from the study. Subjects who could not complete all testing formalities for any reason were 

excluded from the study. Finally selected females were formally requested to visit pathology department on 

2nd day of menstrual cycle Subjects who finally followed up for study in medical fasting were formally  
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explained about study design, requirements and were asked to sign a consent form. Further clinical 

evaluation included history, evaluation of hirsutism as per modified Ferriman-Gallwey scores [16], 

anthropometric measurements, vital signs measurements and a generalized clinical examination for any signs 

of chronic disease. They were questioned about duration of menstrual cycle for presence or absence of 

oligo/anovulation as per criteria utilized by Kollmann et al. [17] 

 

Radiological and laboratory analysis: 10 ml (approx.) of blood was collected for fasting plasma glucose, 

ALT, HbA1c, total testosterone, Sex Hormone Binding Globulin (SHBG) and serum insulin and lipid 

profile. Following sample collection, females were requested to go for radiological examination for 

evaluation of reproductive tract examination for presence or absence of polycystic ovarian syndrome as per 

Rotterdam criteria [18] 

 

Lab analysis and measurements: Fasting plasma glucose, total cholesterol and triglycerides were measured 

on Selctra-ProM (Clinical chemistry analyzer) by GPO-PAP, CHOD-PAP and GPO-PAP method. LDL-

cholesterol and HDL-cholesterol were measured by direct enzymatic methods using accelerator selective 

detergent on Selectra-proM. ALT was measured by IFCC method at 370C. Total testosterone, SHBG, 

glycated hemoglobin were analyzed by using chemiluminescent microparticle Immunoassay (CMIA) on 

ARCHITECT (iSystem) developed by Abbot Diagnostics. Serum insulin was measured on 

Chemiluminescence method on Immulite® 1000 analyzer. Internal and National External Quality Assurance 

Program are in place to monitor inter and intra lab imprecision along with internal QC management for 

precision and accuracy by documented trouble shooting on instrument generated charts as per Westgards’s 

standard protocols. 

 

Calculated parameters - Free Androgen Index (FAI) was measured as: FAI = (Total testosterone/SHBG) x 

100. FAI > 5%was greater than 5% was termed as biochemical hyperandrogenism as per Al Kindi et al. [19] 

Homeostasis Model Assessment of Insulin resistance (HOMAIR) was measured using Mathew’s et al 

mathematical model. [20] 

 

Data analysis - We used SPSS-version 24 for statistical analysis. Age was calculated as per mean and SD by 

descriptive statistics. Descriptive statistics for frequency of PCOS, hirsutism and fatty liver disease % were 

calculated for subjects with or without fatty liver disease. Inferential statistics involved calculation of Odds 

Ratio for presence of PCOS as per Rotterdam criteria in subjects with or without fatty liver disease. We 

utilized General linear models (GLM) where we evaluated sequentially FAI, mFG scores for hirsutism, 

abdominal volume index (AVI) and insulin resistance (HOMAIR) as dependent variables against presence or 

absence of PCOS and fatty liver disease as fixed factors. 
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Results 

 

Mean age among subjects with Rotterdam defined PCOS was (26.71+ 6.99, n=168) and without PCOS was 

(29.07+ 8.11, n=163). Similarly subjects who had fatty liver had a mean age of (30.95+7.10, n=146) in 

comparison to females without fatty liver [25.45+7.17, n=185). 236 females in our data set were married, 

while 95 were non-married. Hirsutism was diagnosed in 157 females while 174 were having a modified FG 

score of less than 8. 88/185 (47.57%) of the cases without fatty liver disease were diagnosed with PCOS, 

while 80/146 (54.79%) of cases diagnosed to have fatty liver disease had PCOS indicating no statistically 

significant association between presence of PCOS and fatty liver disease in our regional data set. Odds ratio 

(OR) for having PCOS in subjects with fatty liver disease is 1.34 but not statistically significant. (Table-1) 

 

Keeping free androgen index (FAI) as dependent variable with PCOS and fatty liver disease as fixed 

variables indicates a definite increase in FAI due to presence of PCOS which get slightly worsened with the 

presence of fatty liver depicted as: Group-1: No Fatty liver + No PCOS= 2.37 (+ 1.30), n=97), Group-2: No 

PCOS + Fatty Liver = 3.35(+ 

 

2.23), n=66), Group-3: PCOS + No Fatty Liver = 6.08 (+ 5.05), n=88), and Group-4: PCOS + Fatty Liver = 

6.83 (+ 4.70), n=80). Figure-1 shows a General Linear Model (GLM) with FAI being a dependent variable is 

evaluated against independent variables i.e., presence or absence of PCOS (p<0.001) and fatty liver disease 

(p=0.035) demonstrating that PCOS presence is more associated with increase in biochemical 

hyperandrogenism than fatty liver disease. (Overall Model significance<0.001). Similarly, hirsutism as 

measured by mFG scores was not significantly related to fatty liver disease but was associated with presence 

of PCOS. [Figure-2] Abdominal Volume Index (AVI) as a measure of abdominal obesity was not associated 

with PCOS, but was significantly associated with fatty liver disease. [Figure-3] Furthermore, insulin 

resistance as a dependent variable was seen to rise more with the presence of fatty liver in comparison to 

PCOS. [Figure-4] 
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Table-1: Odds ratio for presence of PCOS as per Rotterdam criteria in subjects with fatty liver disease 

(p=NS). 

 

   PCOS   Odds Ratio  

  (Rotterdam criteria)   (95 % CI)  

  NO  YES     

Fatty liver diagnosed Fatty liver not 97  88 185    

on ultrasonography diagnosed      1.34  

 Fatty liver 66  80 146  (0.868-2.065)  

 diagnosed        

Total  163  168 331    
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Figure-1: General Linear Model (GLM) where FAI being a dependent variable is evaluated against 

independent variables i.e., presence or absence of PCOS (p<0.001) and fatty liver disease (p=0.035). 

(Overall Model significance<0.001). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure-2: General Linear Model (GLM) where mFG score as surrogate markers for hirsutism being a 

dependent variable is evaluated against independent variables i.e., presence or absence of PCOS(p <0.001) 

and fatty liver disease(p=0.820). (Overall Model significance<0.001). 
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Figure-3: General Linear Model (GLM) where Abdominal Volume Index (AVI) as a marker for abdominal 

obesity being a dependent variable is evaluated against independent variables i.e., presence or absence of 

PCOS (p=0.980) and fatty liver disease (p<0.001). (Overall Model significance<0.001). 
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Figure-4: General Linear Model (GLM) with insulin resistance as dependent variable and presence or 

absence of PCOS (p=0.157) and fatty liver disease (p<0.001) as independent variables (Overall Model 

significance<0.001). 
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Discussion 

 

Polycystic ovarian syndrome (PCOS) and fatty co-occurrence in study subjects was slightly higher than 

subjects with having one of the pathology, implying a very weak association between the two entities. 

Though the OR for presence of PCOS in subjects with fatty liver disease was above i.e., 1.34 but it was not 

statistically significant. Our data identified free androgen index and hirsutism to be more associated than fat 

deposition within liver as factors in contributing polycystic ovarian pathology. Furthermore we identified 

increase in AVI i.e., as a surrogate for abdominal fat deposition and insulin resistance to be more associated 

with presence of fatty liver disease than with PCOS. The trend, hence identified a strong link for insulin 

resistance in causation of fatty liver disease and hyperandrogenism for PCOS. Contrary to our findings the 

data from some studies have highlighted a stronger link between obesity an insulin resistance markers with 

as common culprits in associating fatty liver and PCOS. [7, 8, 10, 11]. 

 

Macut et al have also identified a much higher combination diagnosis of PCOS and fatty liver disease than 

presence of a single pathology in Serbian population. [21] Coming to our data in terms of finding a weaker 

link it is important to understand that lean PCOS types are well-recognized in sub-continental population. 

[22] More so as Pande et al evaluated obesity and insulin resistance indices in these lean category of PCOS 

and observe them to be dissimilar than obese PCOS subjects, where the latter group were found to have 

more metabolic derangements. 

 

[23] Similar to that Chinese have results quite similar to ours, where BMI and NAFLD were minimally 

associated with PCOS females. [24] Even some European studies have found a higher percentage of up to 

40% lean-PCOS in their studies. [25] However, if we study the western population a contrast appear where 

insulin resistance and higher trunk fat mass clearly supersedes the Asian PCOS phenotype. [26] Therefore 

regional differences and possible epigenetic triggers can be attributed to the differential or minimal 

relationship between fatty liver disease and insulin resistance in subjects with PCOS. 

 

Possible understanding of authors on this minimally existent relationship between PCOS and fatty liver 

disease in our data subjects is being explained below: Firstly, we described in the introduction that adipocyte 

size variation between Asian and Caucasian population, so possibly smaller adipocyte among Asians with 

capacity to accumulate more fat led to lesser abdominal volume indices and fatty liver disease in our data of 

female subjects. [15, 24] The argument therefore can be made that these most often obese-PCOS phenotypes 

females had higher insulin resistance due to increase fat mass and least contributed by hyperandrogenism. 

[26] However, we as author feel more interventional trials can clarify the real causation of PCOS and in 

specific its relation with abdominal and hepatic steatosis. Secondly, what impact the weather, environment 

and lifestyle could lead to aforementioned variation of PCOS patterns? We highlighted earlier the findings of  
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Bruce et al who described the role of environment in causing variable PCOS phenotypes. [13] A Spanish 

study by Concha et al evaluated the epigenetic marks by analyzing miRNAs and histone methylation in 

various body fluids and tissues to conclude a very strong impact of environmental triggers in association  

 

with development of PCOS. [27] Pursuant and related directly to epigenetic mechanisms Monniaux et al was 

able to demonstrate in ovine fetuses that over exposure of follicular and uterine tissues may lay the 

foundation stone for a possible PCOS phenotype. [28] Finally, dietary patterns may be a significant 

contributor to PCOS as studies on gut microbiome had a different phylogenetic type along with lower 

density than control female subjects. [29] Thus shifting diet patterns from traditional and more natural food 

consumption to refined and high caloric diets could be an add on, if not causative factor in leading to PCOS 

development. We, therefore believe with globalization and mixing of people and in specific adopting 

western style diets and life styles the disease pattern may change overtime tilting more in favor of obese-

phenotype. [30] 

 

Certain limitations regarding our cross-sectional analysis needs to be taken into account: Firstly, we did this 

study in hospital-setting and our findings must be extrapolated to an epidemiological level to understand 

PCOS and its phenotype prevalence within our community. Secondly, we feel certain cultural barriers persist 

in our community due to lack of basic medical education and history. Provided our questionnaire format was 

structured and no language barrier was there still we interpret and this aspect to cause some degree of bias. 

 

This study has important clinical implication especially in backdrop of wide regional and racial variation 

PCOS phenotypes. Taken the study setting and cross-sectional design the study can be further replicated to 

validate phenotypes of PCOS prevailing at broader level. Thus more data should follow this study project. 

However, this article does provide a broader guideline in terms of interpreting and segregating PCOS 

phenotypes within our population, which can help treating physicians to specify their treatment options in a 

more personalized manner. On a national scale the data also highlights the need for local guidelines for our 

community using this data and evidence from surrounding regions. 

 

Conclusion 

  

Presence of fatty liver disease in females can lead to slightly higher frequency of PCOS. Biochemical and 

clinical hyperandrogenism were more associated with presence of PCOS than with fatty liver disease, while 

abdominal obesity and insulin resistance were more often than not associated with fatty liver disease in 

comparison to PCOS. 
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