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Abstract
Aim: The aim of this study was to evaluate the relationships between glucose potassium (Glu/K+) ratio 
and insulin resistance (IR) in infertile women with polycystic ovary syndrome (PCOS). It is necessary 
to identify a new diagnostic parameter such as Glu/K+ ratio for IR in PCOS patients.
Methods: A total of 198 reproductive-aged women were included in this retrospective case–control 
study. Women aged 20-39 years diagnosed with infertility and PCOS constituted the PCOS group. 
Women who were diagnosed with infertility but not PCOS formed the control group.
Result: The age and body mass index (BMI) of the participants were 30.31±4.68 and 26.53±4.80, re-
spectively. Fasting blood glucose was found to be higher in those with a diagnosis of PCOS (p<0.05). 
Homeostatic model assessment for insulin resistance (HOMA-IR) and fasting insulin were found to 
be higher in those with a diagnosis of PCOS (p<0.05). Serum Glu/K+ ratio was found to be higher in 
those diagnosed with PCOS (p<0.05). A positive correlation was found between fasting insulin and 
Glu/K+ ratio in PCOS women (p<0.05). The area under the ROC curve for the Glu/K+ ratio was found 
to be 0.719, close to the insulin.
Conclusion: Our outcomes indicate that the serum Glu/K+ ratio is favorable and closely related to in-
sulin, which has diagnostic properties for PCOS. We believe the serum Glu/K+ ratio may be a valuable 
biomarker for insulin resistance in PCOS.
Keywords: Glucose; insulin resistance; polycystic ovary syndrome; potassium 

Öz
Amaç: Bu çalışmanın amacı, polikistik over sendromlu (PKOS) infertil kadınlarda glukoz potasyum 
(Glu/K+) oranı ile insülin direnci (İR) arasındaki ilişkiyi değerlendirmektir. PKOS’lularda insulin direnci 
için Glu/K+ oranı gibi yeni bir tanı parametresinin tanımlanması gereklidir.
Yöntemler: Bu retrospektif vaka kontrol çalışmasına üreme çağındaki toplam 198 kadın dahil edildi. 
PKOS grubunu 20-39 yaş arası infertilite ve PKOS tanısı almış kadınlar oluşturdu. Kontrol grubunu 
infertilite tanısı almış ancak PKOS olmayan kadınlar oluşturdu.
Bulgular: Katılımcıların yaş ve vücut kitle indeksi sırasıyla 30.31±4.68 ve 26.53±4.80 idi. Açlık kan şe-
keri PKOS tanısı olanlarda daha yüksek bulundu (p<0.05). İnsülin direnci için homeostatik model de-
ğerlendirmesi (HOMA-IR) ve açlık insülini PKOS tanısı olanlarda daha yüksek bulundu (p<0.05). PKOS 
tanısı olanlarda serum Glu/K+ oranı daha yüksek bulundu (p<0.05). PCOS’lu kadınlarda açlık insülini 
ile Glu/K+ oranı arasında pozitif bir ilişki bulundu (p<0.05). Glu/K+ oranı için işlem karakteristiği (ROC) 
eğrisi altında kalan alan insüline yakın 0.719 olarak bulundu.
Sonuç: Sonuçlarımız serum Glu/K+ oranının olumlu olduğunu ve PKOS için tanısal özellikleri olan in-
süline yakın olduğunu göstermektedir. Serum Glu/K+ oranının PKOS’ta inslin direnci için değerli bir 
biyobelirteç olabileceğini düşünmekteyiz.
Anahtar Sözcükler: Glukoz; insulin rezistansı; potasyum; polikistik over sendromu
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INTRODUCTION
Polycystic ovary syndrome (PCOS) is a complex com-
mon metabolic disorder among women, with 8-13% 
prevalence dependent on the studied population and 
the applied diagnostic criteria, and is characterized by
a heterogeneous presentation of hair loss, menstrual 
irregularity, hyperandrogenism, insulin resistance 
(IR), reduced quality of life, hirsutism, obesity, and 
polycystic ovaries (1-3). In addition, there is evidence 
that PCOS women are highly exposed to IR, abdomi-
nal obesity, cardiovascular disease (CVD), dyslipid-
emia, type 2 diabetes mellitus (DM), and infertility 
(4). Obesity plays an effective role in enhancing oxida-
tive stress as one of the common disorders in PCOS 
women, which contributes to IR while aggravating hy-
pergonadism (5-7). The PCOS diagnosis has lifelong 
implications, increasing the risk for infertility, type 2 
DM, metabolic syndrome, endometrial carcinoma, 
and CVD (8).

There are different diagnostic criteria for PCOS, but 
the Rotterdam criterion is now used more widely in 
its diagnosis (9). Based on this criterion, the presence 
of two of the following three cases can help diagnose 
PCOS. These cases include 1) biochemical or clinical 
signs of hyperandrogenism 2) amenorrhea or oligo-
menorrhea and 3) sonography evidence of PCOS (10).

Although the pathophysiology of this disease has 
not yet been correctly determined, several factors 
alone or together can be considered as the main causes 
of it, including increased gonadotropin-releasing hor-
mone, increased release of androgenic hormones, IR, 
genetic factors, and oxidative stress. Oxidative stress 
has attracted the attention of toxicologists over the 
last two decades as one of the etiological factors of 
chronic diseases, and its relationship at the preclinical 
level with several chronic diseases such as DM, CVD, 
cancer, and PCOS has been cited in the sources. The 
researchers are still interested in finding diagnostic 
criteria, and identifying new diagnostic criteria paves 
the way for more innovative and more effective treat-
ments (6,11-13). In this study, the glucose-potassium 
(Glu/K+) ratio besides insulin was evaluated as a new 
diagnostic criterion for IR in PCOS.

Several studies have confirmed the importance of 
insulin rates in PCOS women. This study evaluated the 

role of the Glu/K+ ratio in these patients. Potassium 
and serum glucose are two important blood indica-
tors that have common clinical applications (14). Glu-
cose is important for maintaining cellular metabolism 
as the main source of energy for cells in the human 
body. Potassium ion plays a role in the physiological 
processes including muscle contraction, cardiac pulsa-
tion, normal renal function maintenance, and neural 
conduction as the most abundant ion in the cells. The 
serum glucose level is divided by the serum potassium 
level to yield Glu/K+ ratio (14). 

There is a need for a better understanding and 
proper screening of women with PCOS to reduce the 
long-term risks and to provide effective interventions 
to minimize metabolic complications. This study dis-
cussed whether IR is specific to PCOS and is associ-
ated with obesity alone or with both factors. The need 
for alternative diagnostic parameters for this disease, 
such as metabolic syndrome, has not yet been met. 
This study determines the IR rate by analyzing and 
matching fasting insulin and potassium glucose val-
ues. It is essential to identify new diagnostic param-
eters for PCOS to propose new treatment methods.

This study aimed to examine the association be-
tween PCOS and Glu/K+ ratio as a new clinic value 
and to examine the association between IR and Glu/ 
K+ ratio among infertile PCOS women.

MATERIAL AND METHODS
The retrospective case-control study was designed as 
a single-centered, between January 2019 and March 
2021, for PCOS infertile patients who applied to Sam-
sun MedicalPark Hospital gynecology and obstetrics 
clinic.

This study was started after the ethical approv-
al of the study was obtained from Ondokuz Mayıs 
University Faculty of Medicine Clinical Researches 
Ethics Committee (Date: 22.06.2022, Decision No: 
2022/173). All study processes were conducted under 
the principles of the Declaration of Helsinki and ethi-
cal rules.

This study included 99 women in the control group 
and 99 women with PCOS included in the case group. 
The inclusion criteria were: (1) women between the 
ages of 20 and 39, (2) women with PCOS according 
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Table 1. Main characteristics of women with PCOS and healthy controls included in the study

Study parameters
Case(n=99)
Mean±SD

Control(n=99)
Mean±SD

p-value

Age(yrs) 30.32±4.89 30.31±4.48 0.843**
BMI 26.72±5.09 26.35±4.51 0.681**
HOMA-IR 3.59±2.25 1.74±0.81 <0.001**
FSH 5.65±1.96 6.06±1.81 0.131*
LH 8.74±6.75 5.26±2.07 <0.001**
Estradiol 71.71±62.07 54.91±49.28 <0.001**
Free T4 1.24±0.31 1.25±0.89 0.957**
TSH 2.75±1.43 1.81±0.85 <0.001**
Prolactin 27.00±20.91 23.18±10.74 0.741**
Fasting blood glucose (mg/dl) 95.04±8.32 88.79±6.72 <0.001**
Fasting insulin 15.25±9.15 8.01±3.81 <0.001**
Total cholesterol 175.60±41.10 206.87±56.69 <0.001**
LDL 101.75±36.48 121.22±42.15 <0.001**
HDL 53.45±15.37 64.80±16.92 <0.001**
Triglyceride 100.61±50.70 101.60±51.50 0.955**
Sodium 140.60±1.51 140.03±2.48 0.108**
Potassium 4.06±0.27 4.13±0.32 0.064**
Blood urea nitrogen 20.09±5.86 17.80±4.94 0.003**
Creatine 0.71±0.10 0.68±0.10 0.057**
ALT 14.13±3.58 14.43±6.99 0.190**
AST 16.42±5.37 16.82±6.08 0.727**
Serum Glu/K+ ratio 23.49±2.54 21.59±2.41 <0.001*

* Independent t-test  
** Mann-Whitney test       
BMI:Body mass index , PCOS: Polycystic ovary syndrome, LH: Luteinizing hormone, FSH:Follicle stimulating hormone , TSH:Thyroid 
stimulating hormone , HOMA-IR: Homeostatic model assessment of insulin resistance , T4: Thyroxine , LDL:Low density lipoprotein 
, HDL:High density lipoprotein , ALT: Alanine transaminase , AST:Aspartate aminotransferase , Serum Glu/K+ ratio: Serum glucose/
potassium ratio
          
      
Table 2. ROC analysis results of PCOS patients and controls

Test result variables Area Std Errora Asymptotic Sigb
Asymptotic 95% Confidence Interval
Lower Bound Upper Bound

Fasting blood glucose 0.725 0.036 <0.001 0.654 0.795
Fasting insulin 0.804 0.030 <0.001 0.744 0.863
Glu/K+ ratio 0.719 0.037 <0.001 0.647 0.791

ROC:Receiver Operating Characteristic, PCOS: Polycystic ovary syndrome, Glu/K+ ratio: Glucose/potassium ratio, Std error: Standard 
error of mean, Asymptotic sig: Asymptotic significance

Table 3. The correlation between Glu/K+ ratio and insulin

Serum Glu/K+ ratio

Case
Fasting insulin
Correlation coefficient 0.280
p-value 0.005

Control
Fasting insulin
Correlation coefficient -0.183
p-value 0.069

Glu/K+ ratio: Glucose/potassium ratio
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to the Rotterdam diagnostic criteria, (3) women who 
cannot have children despite having unprotected sexu-
al relations for the last year. The exclusion criteria were: 
(1) medical or surgical treatment during the last three 
months, (2) absence of diabetes, thyroid dysfunction, 
hyperprolactinemia, active liver disease, and systemic 
diseases. Patient data was obtained from previous lab-
oratory records. The transfer and analysis of the study 
laboratory data were carried out by a biostatistician.

The samples of the patients were taken early in the 
morning after 12 hours of fasting and after waiting for 
at least 15 minutes, they were separated by centrifuga-
tion and the serum samples were separated. The sam-
ples were studied on the same day and the results were 
transferred to the hospital automation system via LIS 
connection. For insulin, glucose, and potassium anal-
ysis, kits using the electrochemiluminescent method 
(Beckman, Los Angeles, CA, USA) were preferred and 
measured using Beckman DxC clinical biochemistry 
autoanalyzer (Beckman Diagnostic Products Cor-
poration, Los Angeles, CA, USA). The data obtained 
were transferred digitally to the EXCEL (MS Office 
2016, USA) program and the serum Glu/K+ ratio was 
calculated by dividing the serum fasting glucose by 
the serum potassium levels. The transfer and analysis 
of the study laboratory data was carried out by an in-
dependent biostatistician. Since it was a retrospective 
study, patients were excluded from the study if there 
was missing data in their file or if they did not meet 
the study criteria. While the control group was select-
ed from healthy individuals, they were included in the 
study in the light of ultrasonography reports, clinical 
evaluation, and laboratory data.

Statistical Analysis
We performed the Kolmogorov-Smirnov test to in-
vestigate the normality, and the nonparametric tests 
performed given the non-normality of the groups be-
fore the statistical analyses. Mean and standard devia-
tions (SD) were measured to check each continuous 
variable, including age, BMI, HOMA-IR, FSH, LH, 
Estradiol, Free T4, TSH, prolactin, glucose, insulin, 
total cholesterol, LDL, HDL, Triglyceride, sodium, po-
tassium, blood urea, nitrogen, creatine, ALT, AST, and 
Glu/K+. The Mann-Whitney test and the Independent 
t-test were performed to study the difference between 

the two groups. The SPSS Statistics for Windows (Sta-
tistical Package for the Social Sciences package pro-
gram version 22.0, IBM Corp., Armonk, N.Y., USA) is 
used for statistical analyses. p value< 0.05 was regarded 
as statistically significant.

To calculate the sample size with the G-Power 3.1 
(http://www.gpower.hhu.de/) program, the difference 
between two independent means(two groups) was 
measured using the Independent t-test with power of 
95%, effect size of 47%, and 0.05 type 1 error for at 
least 198 patients (15).

RESULTS
In Table 1, the main features of age-matched and 
BMImatched PCOS women and controls were in-
cluded in the study. PCOS groups showed a signifi-
cantly higher serum Glu/K+ ratio (p-value<0.001). 
PCOS groups showed significantly higher HOMA-IR 
(p-value<0.001), LH (p-value <0.001), estradiol (p-
value<0.001), fasting insulin (p-value<0.001), fasting 
blood glucose (p-value< 0.001), total cholesterol (p-
value<0.001) levels. LDH (p-value<0.001) and HDL 
(p-value<0.001) levels were significantly lower in the 
PCOS groups.

There was not a statistically significant difference 
between PCOS group and control in terms of FSH (p-
value = 0.131), prolactin (p-value = 0.741), triglyceride 
(p-value = 0.955), sodium (p-value = 0.108), potassi-
um (p-value = 0.064), creatine (p-value = 0.057), ALT 
(p-value = 0.190), Free T4 (p-value = 0.957) and AST 
(p-value = 0.727). Figure 1 shows serum Glu/K+ ratio 
and fasting insulin levels in control and case groups.

Table 2 and Figure 2 show ROC curves were used 
for analysis of the different variables’ predictive value. 
The area under the ROC curve shows how accurately 
the test predicts the result. It was evaluated together 
with fasting glucose and insulin in the ROC analysis 
performed to investigate the diagnostic value of the 
Glu/K+ ratio for PCOS.

The AUC for glucose was 0.725 (0.036 standard er-
ror; 95%CI: 0.654-0.795; p-value<0.001), The AUC for 
Insulin was 0.804 (0.030 standard error; 95%CI: 0.744-
0.863; p-value<0.001). The AUC for Glu/K+ ratio was 
0.719 (0.037 standard error; 95%CI: 0.647-0.791; p-
value<0.001).
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The relationship between Glu/K+ ratio and insu-
lin in case and control groups was determined using 
Spearman’s rank-order correlation. There was a posi-
tive moderate correlation between Glu/K+ ratio and 
insulin in women with PCOS, which was statistically 
significant (r = 0.280, p-value = 0.005). There was not 
a statistically significant correlation between Glu/K+ 

ratio and insulin in the control woman (r = -0.183, p-
value = 0.069).

DISCUSSION AND CONCLUSION
In our study, we investigated the serum Glu/K+ ratio 
as an alternative and supportive diagnostic parameter 
to insulin in patients diagnosed with PCOS. In this 
analysis with a control group created for PCOS inde-
pendent of age factor, when serum Glu/K+ ratio and 

Insulin were analyzed together, we concluded that se-
rum Glu/K+ ratio could be a valuable diagnostic tool 
with potential for patients with PCOS. According to 
the results, fasting blood glucose, fasting insulin serum 
and Glu/K+ ratio were significantly higher in the PCOS 
groups. There was a moderate, positive correlation be-
tween Glu/K+ ratio and fasting insulin in women with 
PCOS. The ROC analysis shows that the prediction 
model by Glu/K+ ratio had reasonable accuracy. The 
accuracy was competitive with fasting insulin.

In our study, PCOS cases showed significantly 
higher mean fasting blood glucose than the controls. 
Similar observations were made by Bannigida et al., 
Liu et al., Zuo et al., and Jabbar et al. (16-19).

In our study, the mean HOMA-IR and fasting in-
sulin were significantly higher in PCOS cases com-
pared to controls. Similar observations were made 
by Cassar et al, Moghetti et al., and Shang et al. (20-
22). Compensatory hyperinsulinemia and IR affect 
65–70% of women with PCOS. This rate is higher in 
obese women with PCOS (23). Fasting insulin and IR 
assessment are accepted as the definitive diagnosis 
of PCOS. However, there is an ongoing debate about 
whether IR is specific to PCOS or is associated with 
obesity alone or with both factors (24-26). Indeed 
accurate measurement of IR and compensatory hy-
perglycemia require “euglycemic hyperinsulinemic 
clamp” analysis, a technically complex test that is rare-
ly available for routine clinical practice and should be 
used for research studies. Alternatively, a standard 
oral glucose tolerance test, which includes measuring 
insulin and glucose levels, can provide complete in-
formation about glucose tolerance while providing a 
reasonably accurate estimate of IR. However, it should 
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Figure 2. Glucose, Glu/K ratio and ROC analysis of insulin 
parameters

Figure 1. Glu/K+ and insulin levels in control and case groups
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be noted that precise measurement of insulin serum 
values needs using reliable immunoassays. Despite all 
these, there is a need for parameters to support di-
agnostic insulin measurement. The Glu/K+ ratio is an 
influential parameter that needs to be investigated in 
this sense.

Our study showed a statistically significant differ-
ence between the PCOS group and the control in terms 
of Glu/K+ ratio. PCOS women showed a significantly 
higher mean Glu/K+ ratio. Based on the findings, Glu/ 
K+ ratio was introduced as a new parameter related to 
PCOS. Few studies were conducted to identify new 
clinical and biochemical parameters related to PCOS. 
Raheem et al. reported that vitamin D deficiency is 
related to several metabolic chances in women with 
PCOS (27). Chae et al. reported clinical and biochemi-
cal parameters related to PCOS in Korean women 
(28). Bagheri et al. reported biochemical parameters 
related to PCOS in Iranian women (29). Shahmoradi 
et al. studied the relationship of BsmI, TaqI, FokI, and 
ApaI polymorphisms in the vitamin D receptor gene 
with PCOS in women (30).

The limitation of this research is in the case and 
control study design. This problem could cause recall 
bias. A prospective study with a more significant num-
ber of samples is suggested to identify new diagnostic 
parameters, with the hope that it will become a suit-
able solution for the timely identification and treat-
ment of PCOS patients. It will also help managers and 
public officials to make more effective plans and de-
cisions to improve the health of individuals, families, 
and society.

As a result of this study, insulin presented as a new 
diagnostic property for PCOS. Identifying new param-
eters to identify PCOS patients is essential due to the 
high prevalence and enormous costs of this disease for 
the health system in countries. According to the study, 
Glu/K+ ratio was introduced as a new parameter to 
identify women with PCOS.
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