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Objective: To identify the significant influencing factors of hypoproteinemia in patients with polycystic ovary syndrome.
Methods: This cross-sectional investigation utilized data from the Medical Information Mart for Intensive Care IV (MIMIC-IV)
database. Multifactorial logistic regression analysis was employed to explore factors influencing hypoproteinemia. Receiver operating
characteristic (ROC) analysis and decision curve analysis (DCA) were conducted to compare the discrimination performance and net
clinical benefit of influencing factors for hypoproteinemia. The XGBoost algorithm was used to identify crucial variables. The
relationships between key factors and hypoproteinemia were explored using restricted cubic spline (RCS) analysis. The stability of this
relationship was verified through sensitivity analyses, including trend regression analysis and interaction tests.

Results: 115 patients with polycystic ovary syndrome or polycystic ovaries were included in this study, of whom 24.348% were
hypoproteinemia. Calcium, prothrombin time, and hyperlipidemia were the most stable independent associations with hypoproteine-
mia. Among the three, calcium had the highest AUC (0.737) and sensitivity (0.839), while hyperlipidemia showed the highest
specificity (0.954). The combination of hyperlipidemia and calcium significantly enhanced the net clinical benefit compared to single
hyperlipidemia or calcium. Calcium may be the more critical factor with a stable influence on hypoproteinemia than hyperlipidemia.
Conclusion: The combination of calcium and hyperlipidemia may serve as a superior discriminative factor of hypoproteinemia, with
calcium potentially being the more crucial factor. A value below the normal range threshold for calcium levels is a good early warning
reference for hypoproteinemia.
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Introduction

Polycystic ovary syndrome (PCOS) is a common endocrine and metabolic disorder in women, with a global prevalence
of about 33% in their reproductive age.! This condition is believed to be a complex disease, influenced by many factors
such as environmental and epigenetic factors. External triggers may include dietary and lifestyle choices, while internal
factors may encompass inflammation and oxidative stress.” PCOS is frequently linked to abdominal obesity, insulin
resistance (IR), metabolic disturbances, and cardiovascular risk factors.> The primary characteristics of PCOS are
polycystic ovaries, persistent anovulation, and elevated androgen levels.* Hyperandrogenemia is observed in 60-80%
of PCOS patients,” which is the main physiopathologic mechanism of PCOS. Some research indicates hyperandrogenism
leads to reproductive, metabolic, and facial changes that negatively impact the patient’s quality of life.® In addition,
PCOS can cause pregnancy-related complications such as gestational diabetes mellitus and gestational hypertension, and
may affect mental health, potentially causing anxiety, depression, bulimia, and bipolar disorder.” Focusing on the health
of PCOS patients can help to improve their overall well-being and life quality.

Serum albumin, as a significant biomarker, exhibits certain abnormalities in patients with PCOS. Research indicates
that serum albumin levels in PCOS patients are frequently lower than in healthy controls, and the C-reactive protein/
albumin ratio demonstrates an even stronger association with PCOS than traditional indicators such as hyperandrogenism
or IR.* Human albumin is the most abundant circulating protein, accounting for approximately 50-60% of total plasma
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proteins in healthy individuals.'® One of the most important roles of albumin is the maintenance of osmolality.'' It is also
said to have immunomodulatory and antioxidant properties.'> Albumin also plays an important role as a transporter
protein. The normal serum albumin concentration ranges from 3.5 to 5 g/dL, with levels below 3.5 g/dL indicating
hypoproteinemia.'* Hypoproteinemia has been associated with mortality in many diseases, such as uremia and chronic

heart failure,'*!

as well as increased risk of infections and post-surgical complications.'®'® Obesity, lifestyle, organ
failure, and severity of inflammation were associated with the occurrence of hypoproteinemia.'® It is noteworthy that
calcium levels and dyslipidaemia may also contribute to the development of hypoproteinemia. For instance, ionised
calcium levels exhibit a significant positive correlation with albumin concentration, while lipid metabolism abnorm-
alities may influence albumin synthesis.*'

PCOS and hypoproteinemia share multiple potential risk factors, such as obesity, IR, and chronic low-grade
inflammation. However, no studies have systematically investigated the prevalence of hypoproteinemia and its associated
factors in the PCOS population, nor have there been in-depth analyses of the association between key metabolic
indicators like calcium and lipids and hypoproteinemia. Consequently, this study represents the first to focus on
identifying risk factors for hypoproteinemia in PCOS patients, aiming to address this research gap. Through systematic
analysis, this study seeks not only to reveal independent clinical and metabolic factors influencing hypoproteinemia in
PCOS patients (with particular emphasis on calcium and lipid), but also to provide evidence-based foundations for
establishing early risk identification strategies in this population. Identifying these key factors holds significant practical
implications for the clinical early screening of high-risk individuals and the implementation of targeted interventions to
improve the long-term prognosis of PCOS patients.

Materials and Methods
Data Source and Study Population

This research employed a cross-sectional design, utilizing data from the publicly accessible Medical Information Mart for
Intensive Care IV (MIMIC-1V) database. The MIMIC-IV provides a comprehensive compilation of clinical data and
well-designed physical views. One author of this study obtained permission to access and extract the relevant data. As
patient identifiers were removed before public release, ethical approval and patient consent were not required.”> This
study has been granted authorisation to access and utilise the MIMIC-IV database (certification number: 55710882).

Initially, 634 patients were extracted from MIMIC-IV who were eligible for polycystic ovary syndrome (code: E282)
or polycystic ovaries (code: 2564). The final analysis included 115 patients with available albumin data.

Definition of Hypoproteinemia

The normal serum albumin concentration ranges from 3.5 to 5 g/dL, with levels below 3.5 g/dL indicating
hypoproteinemia.'* Thus, Albumin levels were categorized based on a 3.5 g/dL threshold. Patients with albumin <3.5
g/dL were classified as hypoproteinemia, while those with albumin >3.5 g/dL. were deemed non- hypoproteinemia.

Variables Collected

The study gathered information on participants’ demographics, lifestyle behaviors, health conditions, insurance
(Medicaid and Medicare), and laboratory tests. Demographic factors encompassed age, marital status, body mass
index (BMI), and race (white and non-white). Marital status was categorized into married and other, and the other
included single, divorced, and widowed. Lifestyle behaviors primarily focused on smoking and alcohol use. Health
conditions included hyperlipidemia, hypertension, hypothyroidism, obesity, diabetes, chronic obstructive pulmonary
disease (COPD), and liver disease. Medication usage data for spironolactone and metformin were also collected.
Laboratory data included alanine aminotransferase (ALT), anion gap (AG), aspartate aminotransferase (AST), bicarbo-
nate, blood urea nitrogen (BUN), potassium, sodium, calcium, chloride, creatinine, glucose, hematocrit, hemoglobin,
platelets, prothrombin time (PT), red blood cell distribution width (RDW), white blood cell (WBC) and total bilirubin
(TBil).
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Statistical Analysis

For categorical data, frequency counts and percentages were used for descriptive statistics, and statistical inferences were
made using the Chi-square test or Fisher’s test. Continuous data were assessed for normality using the Shapiro—Wilk test.
Non-normally distributed data were described using median and quartiles, with group comparisons performed using the
Mann—Whitney U-test. Normally distributed data were characterized by mean and standard deviation, with group
comparisons conducted using #-tests. Continuous variables with statistically significant differences in the comparisons
underwent multiple imputation using the “mice” package in R. The imputed data were again compared between groups to
assess the stability. Collinearity diagnostics were employed to detect multicollinearity among the final screened variables,
with a variance inflation factor (VIF) > 10 indicating collinearity. When collinearity occurred, we removed the variable
with the largest VIF value and ran the remaining variables through a collinearity diagnostic to make it clear that there was
no collinearity between variables.

Data before and after imputation were analyzed using multifactorial logistic regression analysis to explore the impact
of differential variables on hypoproteinemia. Variables were included in the logistic regression analysis via the enter
method. Given the small sample size, we utilised all available data to fit the final logistic regression analysis, thereby
maximising the use of existing information to estimate effect sizes. The robustness of the results from the logistic
regression analysis for difference variables was validated using the Bootstrapping method (B=2000). Under small sample
sizes or suboptimal conditions, confidence intervals (CI) constructed using bias-corrected accelerated (BCa) Bootstrap
provide more precise coverage. Similarly, all available data were employed to identify key influencing variables for
hypoproteinemia via the XGBoost algorithm. Receiver operating characteristic (ROC) analysis was used to compare the
discrimination performance of influencing factors, and the DeLong test was employed to compare the area under the
curve (AUC) of the different ROC curves. Decision curve analysis (DCA) was performed to assess the net clinical benefit
of significant influencing variables in discriminating hypoproteinemia.

To identify the key influencing factors, the association between differential variables and albumin level was further
examined. Restricted cubic spline (RCS) analysis was employed to investigate the relationship between key factors and
hypoproteinemia. The “ROCnReg” package in R was used to construct adjusted ROC curves for key factors discriminat-
ing hypoproteinemia after adjusting for other variables. The levels of key factors were categorized into different variables
based on quartiles, ROC best cutoffs, and RCS cutoffs to further explore the association with hypoproteinemia.
Additionally, interaction analysis was conducted to determine if other significant variables might be associated with
the key factors that influence hypoproteinemia. These steps were taken to confirm the consistency of the relationship
between key factors and hypoproteinemia. Statistical analyses were performed using IBM SPSS Statistics 25 and
R software (version 4.4.2), with P<0.05 considered statistically significant.

Results

Baseline Information

This study analyzed 115 patients with PCOS or polycystic ovaries, with a median albumin level of 3.900 mg/dL. The
median age of participants was 32 years old, and their race was primarily white. Smoking (5.217%) and drinking
(6.087%) were uncommon among the participants. Of the study population, 28 individuals (24.348%) had hypoprotei-
nemia. Tables 1 and 2 present the basic information of patients and a comparison between the two groups.
Hypoproteinemia patients showed a higher prevalence of hyperlipidemia compared to non-hypoproteinemia patients
(17.857% vs 4.598%) (P=0.023). Moreover, the hypoproteinemia group exhibited lower levels of sodium, calcium,
hematocrit, and hemoglobin, while PT and RDW levels were higher (all P< 0.05).

The Related Factors of Hypoproteinemia

To eliminate the effect of missing data, multiple imputation was performed on the raw data of several continuous
variables that differed between the hypoproteinemia group and the non-hypoproteinemia group. Sodium, calcium,
hemoglobin, hematocrit, PT, and RDW remained significantly different between groups before and after imputation
(all P<0.05), demonstrating result stability (Table 3). Multiple collinearity diagnosis was performed to exclude
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Table | The Categorical Variables Information of Participants

Variable Total (n=115) Hypoproteinemia P-value
No (n=87) Yes (n=28)
Race, n (%) 0.278
White 64(57.143) 51(60.000) 13(48.148)
Non-white 48(42.857) 34(40.000) 14(51.852)
Marital status, n(%) 0.198
Married 41(36.283) 28(32.941) 13(46.429)
Other 72(63.717) 57(67.059) 15(53.571)
Smoking, n (%) 0.652
No 109(94.783) 82(94.253) 27(96.429)
Yes 6(5.217) 5(5.747) 1(3.571)
Alcohol use, n (%) 0.192
No 108(93.913) 80(91.954) 28(100.000)
Yes 7(6.087) 7(8.046) 0(0.000)
Insurance, n (%) 0.512
Medicaid 12(10.435) 10(11.494) 2(7.143)
Medicare 103(89.565) 77(88.506) 26(92.857)
Hyperlipidemia, n (%) 0.023
No 106(92.174) 83(95.402) 23(82.143)
Yes 9(7.826) 4(4.598) 5(17.857)
Hypertension, n (%) 0.905
No 75(65.217) 57(65.517) 18(64.286)
Yes 40(34.783) 30(34.483) 10(35.714)
Hypothyroidism, n (%) 0.598
No 98(85.217) 75(86.207) 23(82.143)
Yes 17(14.783) 12(13.793) 5(17.857)
Obesity, n (%) 0.806
No 68(59.130) 52(59.770) 16(57.143)
Yes 47(40.870) 35(40.230) 12(42.857)
Diabetes, n (%) 0919
No 83(72.174) 63(72.414) 20(71.429)
Yes 32(27.826) 24(27.586) 8(28.571)
Spironolactone, n (%) 0.964
No 107(93.043) 81(93.103) 26(92.857)
Yes 8(6.957) 6(6.897) 2(7.143)
Metformin, n (%) 0.192
No 107(93.043) 79(90.805) 28(100.000)
Yes 8(6.957) 8(9.195) 0(0.000)
COPD, n (%) 0.926
No 87(75.652) 66(75.862) 21(75.000)
Yes 28(24.348) 21(24.138) 7(25.000)
Liver disease, n (%) 0.674
No 100(86.957) 75(86.207) 25(89.286)
Yes 15(13.043) 12(13.793) 3(10.714)

Abbreviation: COPD, Chronic obstructive pulmonary disease.

collinearity for the 7 variables that differed between the hypoproteinemia group and the non-hypoproteinemia group
(Figure 1). The results showed strong collinearity between hemoglobin and hematocrit with VIF>10 (VIF 1). After
removing hemoglobin, which had the highest VIF, the remaining 6 variables were re-analyzed for multiple collinearity

diagnosis and found to be free of collinearity (VIF 2). These 6 variables were subsequently included in further analysis.
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Table 2 The Continuous Variables Information of Participants

Variable Missing | Total (n=115) Hypoproteinemia P-value
No (n=87) Yes (n=28)

Age, years 0 32.000[26.000,40.000] 33.000[26.000,40.000] 32.000[27.000,37.000] 0.845
BMI, kg/m? 15 37.677+11.290 37.900+12.267 37.042+7.838 0.688
ALT, IU/L 12 27.000[16.000,49.000] 27.000[16.000,53.000] 21.000[12.000,44.000] 0.199
AG, mEq/L 2 15.000[13.000, 16.000] 15.000[13.000,17.000] 15.000[12.000,16.000] 0.230
AST, IU/L I 26.000[20.000,53.000] 26.000[20.000,46.000] 22.000[14.000,67.000] 0.401
Bicarbonate, mEq/L | 2 23.000[22.000,25.000] 23.000[22.000,25.000] 23.000[22.000,26.000] 0.495
BUN, mg/dL 2 10.000[8.000, 14.000] 10.000[8.000, 13.000] 12.000[8.000,19.000] 0.222
Potassium, mEq/L 2 4.088+0.423 4.075+0.417 4.129+0.438 0.567
Sodium, mEq/L 2 139.000[137.000,141.000] | 139.000[137.000,141.000] | 138.000[135.000,139.000] | 0.019
Calcium, mg/dL 9 8.900[8.500,9.200] 8.900[8.700,9.200] 8.400[8.100,8.900] <0.001
Chloride, mEq/L 2 103.000[101.000,106.000] | 103.000[101.000,105.000] | 103.000[100.000,106.000] | 0.435
Creatinine, mg/dL 2 0.700[0.600,0.900] 0.700[0.600,0.900] 0.700[0.600,1.000] 0.751
Glucose, mg/dL 2 107.000[94.000,123.000] 106.000[93.000,120.000] 112.000[99.000, 133.000] 0.198
Hematocrit 6 36.200[31.600,38.700] 36.800[33.700,39.600] 30.700[29.800,36.600] <0.001
Hemoglobin, g/dL 5 11.654+1.799 11.970+1.550 10.729+2.129 0.001
Platelets, K/uL 5 271.400%122.271 262.085+99.305 298.679+169.865 0.296
PT, second 32 12.700[11.500, 14.200] 12.300[ 1 1.400, 13.400] 14.500[12.900,16.200] <0.001
RDWY, % 5 13.800[12.900,15.300] 13.600[12.900, 14.800] 14.900[13.400, 16.400] 0.029
WBC, K/uL 5 9.400[6.400,13.000] 9.400[6.300,12.600] 10.200[6.600,14.800] 0.257
TBil, mg/dL 15 0.400[0.300,0.800] 0.400[0.300,0.800] 0.400[0.300,1.300] 0.930

Abbreviations: BMI, Body mass index; ALT, Alanine aminotransferase; AG, Anion gap; AST, Aspartate aminotransferase; BUN, Blood urea nitrogen; PT,
Prothrombin time; RDW, Red blood cell distribution width; WBC, White blood cell; TBil, Total bilirubin.

Table 3 The Comparison of the Differed Continuous Variables After Imputation

Variable Total (n=115) Hypoproteinemia P-value
No (n=87) Yes (n=28)

Sodium 139.000[137.000,141.000] | 139.000[137.000,141.000] | 138.000[135.000,139.000] | 0.021
Calcium 8.900[8.500,9.200] 8.900[8.700,9.200] 8.400[8.100,8.900] <0.001
Hemoglobin | 11.618+1.786 11.904+1.556 10.729+2.129 0.002
Hematocrit | 36.000[31.600,38.400] 36.700[33.600,39.400] 30.900[30.000,35.700] <0.001
PT 12.667[11.500,14.300] 12.300[11.400,13.400] 14.500[12.900,16.200] <0.001
RDW 13.800[12.950,15.300] 13.700[12.900, 14.800] 14.900[ 13.400, 16.400] 0.039

Abbreviations: PT, Prothrombin time; RDW, Red blood cell distribution width.

The six identified variables were incorporated into a multifactorial logistic regression analysis. Before imputation,
calcium (OR =0.236, 95% CI: 0.236-0.764), PT (OR =1.300, 95% CI: 1.060-1.749), RDW (OR =1.452, 95% CI:
1.032-2.170), and hyperlipidemia (OR =11.443, 95% CI: 1.724-86.673) were associated with hypoproteinemia. After
imputation, calcium (OR =0.314, 95% CI: 0.118-0.740), PT (OR =1.248, 95% CI: 1.063-1.500), sodium (OR =0.827,
95% CI: 0.694—0.966), and hyperlipidemia (OR =11.899, 95% CI: 2.090-75.887) were also associated with hypopro-
teinemia. Results revealed that calcium, PT, and hyperlipidemia were independently associated with hypoproteinemia
both before and after imputation, with consistent outcomes (Table 4). Table 5 presents the OR (95% CI) for BCa
bootstrapping. The results similarly demonstrated that calcium, PT, and hyperlipidemia were all independently associated
with hypoproteinemia, indicating that our findings exhibited relative robustness.
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Figure | Results of collinearity analysis for the different variables. VIF | involved the variables of hemoglobin, hematocrit, RDW, PT, calcium, sodium, and hyperlipidemia; VIF
2 involved the variables of hematocrit, RDW, PT, calcium, sodium, and hyperlipidemia.
Abbreviations: VIF, Variance inflation factor; PT, Prothrombin time; RDW, Red blood cell distribution width.

Evaluation of Discrimination Performance and Clinical Value

The three more stable influencing factors (calcium, PT, and hyperlipidemia) underwent ROC analysis to assess their
ability to discriminate hypoproteinemia (Table 6). The results indicated that the AUC value of calcium (0.737) surpassed
that of PT (0.731) and hyperlipidemia (0.566) (DeLong test P<0.001). Among these factors, calcium demonstrated the
highest sensitivity (0.839) with an optimal cutoff of 8.6 mg/dL, while hyperlipidemia exhibited the highest specificity

Table 4 Results of Logistic Regression Analysis of Influencing Factors
Associated with Hypoproteinemia Before and After Imputation

Variable Before Imputation After Imputation
OR (95% CI) P-value | OR (95% CI) P-value

Sodium 0.841(0.691,0.999) 0.064 0.827(0.694,0.966) 0.024
Calcium 0.236(0.057,0.764) 0.026 0.314(0.118,0.740) 0.012
Hematocrit 0.986(0.861,1.123) 0.834 0.928(0.815,1.046) 0.237
PT 1.300(1.060,1.749) 0.031 1.248(1.063,1.500) 0.010
RDW 1.452(1.032,2.170) 0.044 1.253(0.935,1.715) 0.139
Hyperlipidemia | 11.443(1.724,86.673) | 0.013 11.899(2.090,75.887) | 0.006

Abbreviations: PT, Prothrombin time; RDW, Red blood cell distribution width.

Table 5 Results of Logistic Regression Analysis Based on
Bootstrapping (B=2000) of Influencing Factors Associated
with Hypoproteinemia

Variable BCa OR (95% CI) P for percentile
Sodium 0.821(0.623-1.006) 0.055
Calcium 0.282(0.045-0.793) 0.019
Hematocrit 0.918(0.708-1.081) 0318
PT 1.281(1.093-1.836) 0.004
RDW 1.235(0.827-2.037) 0.241
Hyperlipidemia | 16.179(1.904-374.584) | 0.021

Abbreviations: BCa bootstrap, Bias-corrected and accelerated bootstrap;

PT, Prothrombin time; RDW, Red blood cell distribution width.
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Table 6 ROC Analysis Results for Related Factors in Hypoproteinemia

Discrimination

Variable Calcium PT Hyperlipidemia
AUC 0.737(0.647-0.860) | 0.731(0.626-0.840) 0.566(0.514-0.643)
Sensitivity 0.839(0.467-0.920) | 0.643(0.428-0.898) 0.179(0.076-0.338)
Specificity 0.607(0.533-0.870) | 0.770(0.585-0.922) 0.954(0.904-0.989)
Youden index | 0.446(0.306-0.692) | 0.413(0.325-0.624) 0.133(0.028-0.287)
Best cutoff 8.600(8.600-9.000) | 13.700(12.800—15.430) | 1.000(1.000-1.000)
Accuracy 0.246(0.171-0.302) | 0.765(0.706—-0.826) 0.771(0.706—0.842)
Delong test / <0.001 <0.001

Abbreviations: PT, Prothrombin time; AUC, Area under the curve.

(0.954). The ROC findings suggested that the combination of calcium and hyperlipidemia may be a crucial indicator of
hypoproteinemia.

The XGBoost algorithm was employed to rank the variables. The results revealed that hyperlipidemia and calcium
were important factors of hypoproteinemia (Figure 2A). DCA analysis found that the combination of calcium and
hyperlipidemia significantly enhanced the clinical net benefit compared with the single use of hyperlipidemia or calcium,
which may compensate for the shortcomings of a single factor in discriminating hypoproteinemia to some extent
(Figure 2B).

Association Between Calcium and Hypoproteinemia
We further analyzed the relationship of calcium and PT with albumin, as well as the distribution of albumin in the two
groups with or without hyperlipidemia (Figure 3A—C). The results suggested that there was a positive correlation
between calcium and albumin (r=0.42, P<0.001), and a negative correlation between PT and albumin (r=—0.35,
P<0.001). The albumin difference between groups with or without hyperlipidemia approached statistical significance
(P=0.04, nearing 0.05). Considering the ROC and DCA results, calcium may be a more critical factor.

The results of RCS analysis demonstrated a linear relationship between calcium and hypoproteinemia (P for overall =
0.034, P for nonlinear= 0.263). Notably, when calcium levels exceeded 9.113 mg/dL, the OR for hypoproteinemia
occurrence shifted (Figure 3D). In the crude ROC curve, the AUC was 0.737 (blue line) for calcium, and the adjusted
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Figure 2 (A) Variable importance hierarchy for hypoproteinemia based on the XGBoost algorithm. (B) The discrimination performance of calcium and hyperlipidemia on
hypoproteinemia.
Abbreviations: PT, Prothrombin time; RDW, Red blood cell distribution width.
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Figure 3 (A) Visualization of the correlation between calcium and albumin; (B) Visualization of the correlation between PT and albumin; (C) The distribution of albumin in
the two groups with or without hyperlipidemia; (D) RCS curve of calcium and hypoproteinemia.

ROC curve showed an AUC of 0.732 (red line) for calcium, indicating that calcium discriminated hypoproteinemia
performance more stably (Figure 4A and B).

To validate the association between calcium and hypoproteinemia, continuous calcium values were transformed into
categorical variables based on quartiles, ROC best cutoffs, and RCS cutoffs. The result indicated that higher calcium
levels were associated with a decreased risk of hypoproteinemia (Figure 5A). Calcium levels below normal or below
9.113 mg/dL were risk factors for hypoproteinemia (OR<gs mgar =8.058, 95% CI: 3.117-20.834; OR9 13mg/dL
=4.167,95% CI: 1.161-14.953) (Figure 5B and C). The interaction results showed that PT (P for interaction = 0.339)
and hyperlipidemia (P for interaction = 0.401) did not interact with calcium levels in influencing hypoproteinemia. In
conclusion, the relationship between calcium and hypoproteinemia was stable.

Discussion

Research has demonstrated that hypoproteinemia can predict various diseases and mortality. Factors contributing to
hypoproteinemia, such as protein-energy malnutrition, crystalloid overload, inflammation, and hepatic dysfunction,
partially explain its association with poor prognosis.”® These factors are also present in PCOS. However, the influencing
factors for hypoproteinemia have not been investigated in PCOS patients. Our study examined these aspects using the
MIMIC-IV database and identified potential key factors. Multivariate analysis revealed that hyperlipidemia, calcium, and
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Figure 4 The discrimination performance of calcium on hypoproteinemia. (A) Crude ROC curve of calcium; (B) Adjusted ROC curve of calcium. Hematocrit, PT,
hyperlipidemia, and RDWV were adjusted.
Abbreviations: AUC, Area under the curve; AAUC, Adjusted area under the curve; PT, Prothrombin time; RDW, Red blood cell distribution width.
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Figure 5 Association of calcium levels as a categorical variable with hypoproteinemia. (A) Calcium levels classified by quartiles; (B) Calcium levels categorized based on
ROC best cutoff value of 8.6 mg/dL; (C) Calcium levels grouped according to RCS cutoff value of 9.113 mg/dL.

PT were stably associated with hypoproteinemia in PCOS patients. Compared with single hyperlipidemia or calcium
index, the combination of hyperlipidemia and calcium significantly improved the net clinical benefit of discriminating
hypoproteinemia, and it may compensate for the shortcomings of a single factor in discriminating hypoproteinemia to
some extent. The identified key factors (such as hyperlipidemia and serum calcium levels) are all readily obtainable
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routine clinical laboratory indicators, providing direct justification for establishing a simple, low-cost initial risk screen-
ing tool within the PCOS population.

This study identified hyperlipidemia as a risk factor for hypoproteinemia. Hyperlipidemia involves abnormally high
plasma levels of one or more lipids, characterized by elevated total cholesterol, low-density lipoprotein cholesterol,
triglycerides, and reduced high-density lipoprotein cholesterol. It is linked to endocrine disorders like PCOS and diabetes
mellitus.** 2 Hyperlipidemia can promote inflammation, exemplified by triglyceride-associated apolipoprotein C3
(ApoC3) activating NLRP3 inflammatory vesicles in human monocytes to promote inflammation.?’-*® Inflammation
increases capillary permeability and serum albumin escape, leading to expansion of the interstitial space and increased
volume of albumin distribution. Increased capillary permeability and altered albumin kinetics will lead to the develop-
ment of hypoproteinemia, with its severity related to the degree of inflammatory damage and patient mortality risk.'’
Consequently, monitoring lipid profiles and inflammatory status in PCOS patients is crucial to prevent hypoalbuminemia.
Notably, ROC analysis showed that hyperlipidemia had a specificity of 0.954 in differentiating hypoproteinemia,
indicating that hyperlipidemia was an indicator of the absence of hypoproteinemia in PCOS patients.

The findings suggested that calcium concentrations may be more crucial in hypoproteinemia than in hyperlipidemia.
As the most prevalent cation in the body, calcium is vital for various cellular functions, including neurotransmission,
enzyme activity, myocardial function, coagulation, and other cellular functions. Research has demonstrated a correlation
between serum calcium and albumin levels.?® The correlation results of the present study showed a positive correlation
between calcium levels and albumin levels, aligning with previous research. Reduced calcium levels were considered
a risk factor for hypoproteinemia development. Approximately 40% of serum calcium binds to calcium-binding proteins

such as albumin to form bound calcium,>®

and calcium deficiency may disrupt these binding processes, leading to
decreased protein stability and consequent hypoproteinemia. The role of calcium ions in inflammatory responses should
not be disregarded, as severe calcium deficiency could result in impaired inflammatory regulation, further exacerbating
health issues. Calcium deficiency also impacts endocrine system function. Parathyroid hormone and calcitonin collabo-
rate to regulate blood calcium levels. Prolonged calcium deficiency can trigger increased parathyroid hormone (PTH)

secretion, and excess PTH in adipose tissue can cause protein energy depletion through browning,’'**

potentially
contributing to hypoproteinemia development. In addition, the ROC results showed an optimal cut-off value of
8.6 mg/dL for calcium levels. Notably, 8.6 is the lower limit of the normal range for calcium in adults over 18 years
old, suggesting that a value below the normal range threshold for calcium levels is a good early warning reference for
hypoproteinemia.

Correlation analysis showed that albumin was negatively correlated with PT. Patients with hypoproteinemia had
prolonged PT and decreased coagulation compared to patients with non-hypoproteinemia. Research has demonstrated
that albumin forms bonds with coagulation factors, including calcium and factor IX,**** which promotes the transporta-
tion and activation of coagulation factors, thereby promoting blood coagulation. We hypothesized that when the
concentration of albumin decreased, the concentration of coagulation factors decreased, leading to coagulation dysfunc-
tion and prolonged PT time. This finding suggested the importance of monitoring coagulation function in PCOS patients
who develop hypoproteinemia to prevent potentially life-threatening excessive bleeding.

This study initially explored the possible key influencing factors of hypoproteinemia in PCOS patients, which
provided a theoretical basis for improving the quality of life and prognosis of PCOS patients. However, this study
also has the following limitations: (1) The sample size of patients with PCOS or polycystic ovaries retrieved from
MIMIC-IV was small. (2) The research findings are primarily based on a single database, limiting the extrapolation of
results. (3) This study was a cross-sectional study, which only allowed for association exploration, not causal inference.
Therefore, larger-scale and multicentre studies are necessary to validate these findings.

Conclusion

Hypoproteinemia in PCOS patients was associated with hyperlipidemia, calcium levels, and PT, with calcium potentially
being the most critical factor. To prevent hypoproteinemia and excessive bleeding, healthcare providers should monitor
lipid profiles, calcium levels, and coagulation function in PCOS patients. Further large-sample studies are required to
confirm the results of this research.
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