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Abstract

[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Background: Obesity has been shown to have public health impact on increasing risk for pre-malignant and malignant changes in the endometrium. However, little is known about the prevalence of endometrial pathology in women with severe obesity, a population that may be less likely to obtain gynecologic care.
Methods: This study was designed to describe the prevalence of endometrial pathologies in women with severe obesity undergoing bariatric surgery, and to compare it with the prevalence of endometrial pathologies in the general population. We collected histologic and demographic data from three US cohorts of women with severe obesity, who were asymptomatic for gynecologic conditions, and had no history of endometrial cancer. Endometrial samples were obtained by Pipelle aspiration before or during bariatric surgeries. Logistic regression was used to assess the relationship between body mass index (BMI) and endometrial anomalies (hyperplasia, metaplasia and polyp) and proliferative endometrium. A systematic literature search of endometrial pathology in the general population was performed using PubMed to extract prevalence data.
[bookmark: OLE_LINK115][bookmark: OLE_LINK116][bookmark: OLE_LINK166][bookmark: OLE_LINK167][bookmark: OLE_LINK168][bookmark: OLE_LINK169][bookmark: OLE_LINK170][bookmark: OLE_LINK173]Results: Among 104 women who had sufficient endometrial biopsies for diagnosis from three cohort studies, the median of age and BMI of the sample were 38.0 years and 45.9 kg/m2, respectively. Endometrial biopsy results were: proliferative (44.2%), secretory (24.0%), inactive (17.3%), hyperplasia (8.7%), and metaplasia or endometrial polyp (5.8%). After adjusting for age and race, an increase in BMI by 1 kg/m2 was associated with 11% greater odds of having endometrial anomalies or proliferative endometrium (p < 0.01). Our sample appeared to have higher prevalence of anomalies excluding polyps (10.6%), hyperplasia (8.7%) and proliferative endometrium (44.2%) compared to the general population from published studies (anomalies excluding polyps: 0.8% to 7.3%, pooled hyperplasia prevalence: 4.1%, pooled proliferative endometrium prevalence: 18.1%).
[bookmark: OLE_LINK138][bookmark: OLE_LINK139]Conclusion: Among this sample of female bariatric surgery candidates, higher BMI was related to greater odds of endometrial pathologies or proliferative endometrium. Furthermore, endometrial pathologies appeared to be more common compared to the general population. More thorough examination of the relationships between levels of obesity and endometrial pathology are needed to better characterize high cancer risk groups who may benefit from introducing screening or preventive measures.
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[bookmark: _Toc5874872]Introduction
[bookmark: _Toc5874873]Normal Histology of Endometrium
The endometrium is the innermost part of the uterus. On the basis of structure, it is composed of a single layer of columnar epithelium plus lamina propria [1]. The lamina propria is a layer of connective tissue that varies in thickness according to hormonal influences [1]. According to function, it has a functional layer and a basal layer. The functional layer, which is adjacent to the uterine cavity, thickens and sheds during a menstrual cycle and allows implantation of fertilized eggs [1]. The basal layer, which is below the functional layer, is not shed at any point during the menstrual cycle, and provides the regenerative functional layer after the menstrual loss [1].
Under the influence of estrogen, the endometrial lining undergoes cyclic regeneration during the menstrual cycle. A menstrual cycle, on average, takes 28 days, and consists of three phases: the proliferative phase, the secretory phase, and the menstrual phase [2]. During the proliferative phase, growth of the endometrium and maturation of ovarian follicle are regulated and supported by estrogen [2]. An important feature of this estrogen-dominant phase of endometrial growth is the increase in ciliated cells and microvillous cells [2]. Ovulation occurs around day 14, during the secretory phase.  At this time, the endometrium continues to thicken as it stimulated by both estrogen and progesterone [2]. During this stage, active secretory events take place within the glandular cells with progression of vacuoles from intracellular to intraluminal appearance. In the absence of fertilization and implantation, the withdrawal of estrogen and progesterone eventually causes the stroma to crumble, which is known as menstruation or the menstrual phase [2].
[bookmark: OLE_LINK111][bookmark: OLE_LINK112][bookmark: OLE_LINK131][bookmark: OLE_LINK129][bookmark: OLE_LINK130][bookmark: OLE_LINK174][bookmark: OLE_LINK175]Proliferative endometrium is generally considered a benign condition with little risk of transformation into endometrioid-type adenocarcinoma. It might be found more often in women with obesity and irregular menstrual cycles. Disordered proliferative endometrium is associated with anovulatory cycles and persistent estrogen stimulation, wherein the endometrium is proliferative but shows focal gland irregularities (dilatation and branching) which is a similar but a mild form compared to hyperplasia [3]. It has been suggested that the state of proliferative endometrium, resulting from obesity and overweight [4, 5] may be associated with pathological processes of the endometrium [3]. Some authors have suggested that there is continuum between disordered proliferative endometrium and simple hyperplasia [3, 6], potentially implying that proliferative endometrium may be considered a proliferative anomaly in women with obesity (especially in a postmenopausal patient).
[bookmark: _Toc5874874]Common Types of Endometrial Pathology and the Role of Estrogen
Endometrial cancer is the fourth most commonly occurring cancer among U.S. women with about 61,880 new cases expected to be diagnosed and an estimated 12,160 deaths in 2019 [7]. It is a disease in which malignant cells form in the endometrium. The main risk factors for endometrial cancer include obesity, exposure to unopposed estrogen, impaired ovulatory function/infertility, advanced age and family history [8]. Sheikh et al. suggested that the incidence of endometrial cancer will increase to 42.13 cases per 100,000 population by 2030 due to the increasing rates of obesity among younger women, after accounting for the stable smoking rates and decreasing hysterectomy rates. [9]. Abnormal vaginal bleeding, especially in postmenopausal women, is the most common symptom of endometrial cancer and endometrial hyperplasia (EH) [10]. Other manifestations may include pelvic pain during or pain with intercourse or urination [10].
[bookmark: OLE_LINK37][bookmark: OLE_LINK41]EH is a condition of abnormal thickening of endometrium [11]. Similar to endometrial cancer, it is often caused by excess estrogen without counterbalancing effects of progesterone [11]. EH, particularly complex hyperplasia with atypia, is a known precursor of endometrial cancer [12]. It shares common risk factors with EC and co-exists with a malignancy in up to 43% of cases [10, 13]. Approximately 8% - 29% of untreated complex hyperplasia with atypia progress to endometrial cancer, suggesting that EH plays an important role in the progression to endometrial cancer [14].
Endometrial polyp is a benign condition caused by a localized overgrowth of endometrial tissue, containing glands, stroma and blood vessels [11]. They are often associated with abnormal uterine bleeding, although many women are asymptomatic [15]. In a case-control study including 281 participants, researchers found that obesity was an independent risk factor for endometrial polyp [16]. Torres et al. found that endometrial polyps were independently associated with a higher risk for subsequent endometrial cancer in a nested case-control study [17]. However, the exact prevalence of endometrial polys in general population is not clear. Endometrial metaplasia, another type of abnormal endometrium, refers to the replacement of normal epithelium at a given site by mature benign epithelium inappropriate to that site [11]. Generally, there are no significant signs and symptoms related to endometrial metaplasia. However, both endometrial polyps and metaplasia often co-exist with endometrial cancer in previous research and may all stem from the same risk factors rather than being premalignant precursors [18].
[bookmark: _Toc5874875]Screening and Diagnosis of Endometrial Pathology: Pipelle and Dilation and Curettage (D&C)
Based on the current American Cancer Society (ACS) recommendations [19], there is no sufficient evidence to support screening for endometrial cancer in asymptomatic women, with the exception of women with or at risk for hereditary nonpolyposis colorectal cancer (HNPCC), who are recommended to be offered annual screening for endometrial cancer with endometrial biopsy starting at age 35 [19]. In addition, ACS suggests that at the time of menopause, all women should be informed about the risks and symptoms of endometrial cancer and encouraged to report unexpected bleeding or spotting to their physicians [19].
For women experiencing postmenopausal vaginal bleeding, evaluation should be conducted through the use of either a pelvic ultrasound or an endometrial biopsy [19]. An ultrasound can be offered to women who underwent endometrial biopsy but tissue was insufficient for diagnosis, given that an endometrial thickness of 4 mm or less obtained from transvaginal ultrasonography has at least a 99% negative predictive value for endometrial cancer [20, 21]. 
Pathological diagnosis of endometrial tissue is essential for definitive diagnosis of endometrial pathology. According to the American College of Obstetricians and Gynecologists Practice Bulletin 149, there are two common endometrial tissue sampling methods: endometrial Pipelle sampling and Dilation and Curettage (D&C) with or without a hysteroscopy [21]. Endometrial Pipelle sampling, also known as endometrial biopsy, is a highly accurate examination of endometrial cancer and hyperplasia, with a positive predictive value 81.7% and a negative predictive value of 99.1%. In this procedure, a small amount of endometrium is removed by suction through a very thin flexible tube, which is inserted into the uterus. However, by using the Pipelle method, it is often difficult to obtain sufficient samples for pathological diagnosis, particularly in women with overweight or obesity [22, 23]. Elsandabesee et al. reported that adequate endometrium tissue were obtained from only 34% participants using Pipelle sampling [24]. If the endometrial tissue obtained by the Pipelle method is insufficient for histopathological diagnosis, D&C either with or without hysteroscopic guidance is another option. During this approach, the cervix is dilated, and a curette is inserted and used to scrape the uterine lining, from which the sampled tissue will be sent for histological evaluation under a microscope [21].
[bookmark: _Toc5874876]Obesity and Gynecologic Disease
According to the World Health Organization, overweight and obesity in adults is defined as excessive fat accumulation that present a risk to health [25]. The body mass index (BMI), a widely used measure of weight status, is a person’s weight in kilograms (kg) divided by the square of height in meters (m2) [25]. An adult with a BMI between 25 and 30 is considered overweight. A BMI 30 or higher indicates obesity in adulthood. Obesity is commonly subdivided into three categories based on BMI level: Class 1 obesity (BMI 30-<35 kg/m2); Class 2 obesity (BMI 35-<40 kg/m2); Class 3 obesity BMI ≥40 kg/m2). Severe obesity is defined as class 3 obesity or at least class 2 obesity with an obesity-related comorbidity [26].
[bookmark: OLE_LINK113][bookmark: OLE_LINK114]Worldwide prevalence of obesity has almost doubled between 1980 and 2014 [27]. In 2016, 39% and 13% of adults aged 18 years and over were overweight and obese. In the United States, obesity affected about 93.3 million (39.8%) of adults in the years 2015 and 2016 [28]. Obesity is associated with chronic diseases, including diabetes, cardiovascular diseases and certain types of cancer [29]. With the epidemic and the uptrend of obesity among both adolescents and adults in the US, we expect that the prevalence of obesity will keep growing among reproductive-aged women, which could potentially lead to higher levels of gynecologic pathology [30, 31]. In a meta-analysis investigating the relation between BMI and endometrial cancer risk, including 25 cohort studies, 28 case-control studies, and one pooled study, Shaw et al. estimated that compared to normal weight (BMI < 25 kg/m2), obesity was associated with a 2.6-fold increase in the risk of developing endometrial cancer, while at least class 2 obesity was associated with a 4.7-fold increase [32]. Moreover, in a case-control study of 892 women, Epplein et al. reported that obesity was associated with higher prevalence of endometrial hyperplasia. Specifically, compared with women with normal BMI, women with severe obesity (BMI ≥ 40 kg/m2) had a 23-fold (95% CI: 6.6, 79.8) increase in risk of complex hyperplasia and a 13-fold (95% CI: 1.9, 86.9) increase in risk of hyperplasia with atypia [33]. 
[bookmark: _Toc5874877]Bariatric Surgery as A Model for Gynecologic Pathology Prevention
Bariatric surgery is an operation for weight-loss that involves surgical alterations to the digestive system. In the US, two bariatric surgical procedures are being widely used today [34]. The Roux-en-Y gastric bypass, which accounted for approximately 21% of primary bariatric procedures in 2017, involves reducing the stomach to a smaller size and attaching it to the middle of the small intestine, bypassing a section of small intestine. Weight loss is achieved via limiting the physical intake of food, malabsorption of calories and changing the secretion of gastrointestinal hormones which are related to the regulation of appetite and satiety [35, 36]. The sleeve gastrectomy, which accounted for approximately 69% of primary bariatric procedures in 2017, involves removal of most of the stomach, leaving only a banana-shaped pouch [35-37]. Weight loss is achieved via limiting the physical intake of food, and changes to the secretion of gastrointestinal hormones, although to a lesser extent than with Roux-en-Y gastric bypass [38]. The adjustable gastric band is a less popular bariatric procedure compared to the above two categories, which accounted for only 3% in 2017 but accounted for more than one third of primary bariatric procedures in 2011 [34]. In this procedure, an inflatable band is placed around the upper part of the stomach, dividing the stomach into a small and a big pouch and reducing the feeling of hunger as well as calories consumed [38].
Bariatric surgery has been shown to be the most effective intervention for individuals with severe obesity [39-41]. Individuals with a severe obesity are suitable candidates for such surgery [42]. In addition to significant weight loss, bariatric surgery also alleviates many obesity-related disorders, such as type 2 diabetes [43], cardiovascular disease [44], and certain cancers [45]. It has also been suggested that bariatric surgery can be used as a model for endometrial cancer prevention [46, 47]. 
[bookmark: _Toc5874878]Gap in Knowledge
Although researchers have provided important information on the prevalence of endometrial pathologies in asymptomatic women [46, 48, 49], the data have never been combined or compared across multiple institutions and populations with severe obesity. In addition to endometrial cancer and hyperplasia, the prevalence of endometrial polyps and metaplasia in the population of women with obesity are also important to know, because these conditions often co-exist with endometrial cancer in previous research and may all stem from the same risk factors rather than being premalignant precursors [18]. Furthermore, women with severe obesity are found more often to have anovulatory cycles and proliferative endometrium [4, 5], which has been related to the occurrence of simple hyperplasia [6], implying the importance of evaluating the prevalence of proliferative endometrium in women with obesity.
[bookmark: _Toc5874879]	Public Health Significance
[bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: OLE_LINK43][bookmark: OLE_LINK44]Given recent increases in both the prevalence and severity of obesity, the population burden of endometrial cancer is expected to continue to rise. In younger women, the combination of proliferative endometrium and obesity could potentially increase the risk of endometrial pathologies and infertility [4, 5]. Taking the increased risk arising from undiagnosed endometrial pathologic and pre-pathologic conditions into consideration, screening and chemoprophylaxis in women with obesity of any age may be a cost-economic way to decrease the burden of endometrial pathology, as well as endometrial cancer morbidity and mortality by avoiding gynecologic surgery [50].
[bookmark: _Toc5874880]Objectives
The primary objective of this study was to more accurately describe the endometrial histopathology, particularly the prevalence of endometrial conditions sharing risk factors with endometrial carcinoma, in women who were cancer-free and severely obese in three cohorts of bariatric surgery subjects to inform clinicians and researchers on whether screening or prevention strategies may be warranted in this high-risk population group. The secondary goal of this study was to conduct a systematic literature search on the prevalence of endometrial pathology and histology in the general population to evaluate whether the prevalence of endometrial anomalies differs in women with severe obesity versus the general population.
[bookmark: _Toc5874881]Methods
[bookmark: _Toc5874882][bookmark: OLE_LINK132][bookmark: OLE_LINK133]Study Participants and Measurements
We combined demographic (age and race), BMI and pathologic information of participants from three independent cohort studies in Minnesota [48], Virginia [49] and Pennsylvania [46] for a total sample of 124 women. All the three studies were approved by the Institutional Review Board of their respective institutions. The key criterion for the selection of these studies was approval for bariatric intervention. The University of Pittsburgh Human Research Protection Office (HRPO) approved this study through a full board review (Protocol: PRO08080042).
Details about each study, along with basic inclusion and exclusion criteria, are provided in Figure 1. In all three institutions, a minimum BMI of 35 was an requirement to be approved for the bariatric surgery programs, which is similar to most bariatric programs in the US and a common insurance requirement for coverage [51]. For all the three cohorts, women with any known high endometrial risk other than obesity were excluded from the studies, including history of endometrial cancer or hyperplasia, post-menopausal use of hormone replacement, use of tamoxifen, and history of gynecological surgery (including endometrial ablation).
Endometrial tissue was obtained before or during the bariatric intervention using the Pipelle method. Acquired specimens were formalin-fixed, embedded in paraffin, sectioned, and stained using standard hematoxylin and eosin stain preparation. Each specimen was reviewed by the pathologist(s) in their respective institutions, who were blinded to the participants’ health histories, age, and BMI. Specimens were considered to be insufficient if there was not enough tissue for pathologists to render a diagnosis. All sufficient specimens were divided into three key categories as follows: “anomalies”, “proliferative endometrium” and “other findings”. The “anomalies” group was primarily defined as: endometrial hyperplasia (with and without atypia), endometrial metaplasia or endometrial polyp. However, it was also defined excluding polyps for comparison with other studies. The “proliferative endometrium” group had women with proliferative findings only. The “other findings” group comprised the followings: inactive endometrium and secretory endometrium. In this study, regarding the logistic regression analysis, both the “anomalies” group and the “proliferative endometrium” group were results of interest. Other details about study methods of each study have been described in previously published manuscripts [46-49].

[image: ]
[bookmark: _Toc5874894]Figure 1 Study participant selection
[bookmark: _Toc5874883]Statistical Methods
[bookmark: OLE_LINK10][bookmark: OLE_LINK17]Descriptive statistics were reported as mean (range) or median (range) for continuous variables and n (%) for categorical variables. The Chi-square test was used for detecting differences in biopsy sufficiency across the three institutions. The Wilcoxon rank sum test was used to test for differences in age and BMI between subjects with sufficient versus insufficient biopsies. Comparison of variables among the three studies were made using Kruskal-Wallis tests for continuous variables (age and BMI), and Chi-square tests for categorical variable (race) to assess whether there were relevant differences among participants across the three institutions that would preclude combining results.
[bookmark: OLE_LINK205][bookmark: OLE_LINK206]The Wilcoxon rank sum test was used to test for differences in age and BMI between subjects with biopsy results of interest (“anomalies” including polyps and “proliferative endometrium”) or not. The distribution of BMI was also evaluated by more fine-grained histology categories (endometrial hyperplasia, endometrial metaplasia or polyp, proliferative endometrium, secretory endometrium, and inactive endometrium). Multivariable logistic regression was used to assess the relationship between BMI and the results of interest adjusting for age. The linearity assumption of the logistic regression model was checked using a partial residual plot. The quadratic relationship between BMI and log odds ratio of endometrial biopsy result of interest was evaluated by incorporating a quadratic effect of BMI in the logistic regression model. Data analyses were performed using Stata/SE 14.2. A two-tailed p-value less than or equal to 0.05 was considered statistically significant.
[bookmark: _Toc5874884]Literature Search and Comparison with Published Paper
[bookmark: OLE_LINK180][bookmark: OLE_LINK181][bookmark: OLE_LINK83][bookmark: OLE_LINK84]A systematic literature search for publications on the prevalence of endometrial pathology in the general population was performed in PubMed, by using the following search strategy: (((((endometrial pathology) OR endometrial histology) OR endometrial hyperplasia)) AND ((asymptomatic) OR no symptom)) AND prevalence. The criteria for inclusion in the review were as follows: observational studies containing information on the prevalence of endometrial pathologies in the general population and published in English after January 1, 1990. We extracted and compared prevalence of anomalies and proliferative endometrium in our sample and in the papers selected from the literature search. Random-effect models were used to calculate pooled estimates with 95% confidence intervals (CIs) for selected studies from the literature search. Two-sample tests of proportions were used to compare the prevalence of endometrial hyperplasia and proliferative endometrium between our sample and the selected studies.
[bookmark: _Toc5874885]	Results
[bookmark: _Toc5874886]Comparison across the Three Institutions and between Sufficient and Insufficient Biopsies
Among 124 women undergoing bariatric surgery from three cohort studies, 104 (83.9%) had endometrial biopsies that were sufficient for diagnosis. There was not a statistically significant interinstitutional difference in biopsy sufficiency (n=54; 91.5% at Minnesota; n=22; 73.3% at Virginia; and n=28; 80.0% at Pennsylvania; p=0.07). Wilcoxon rank sum test showed that the 20 (16.1%) participants with insufficient biopsies were significantly older than the 104 participants with sufficient biopsies (median 45.5 years versus 38.0 years, p = 0.02), but BMI did not differ significantly by the sufficiency of the biopsy (median 43.9 kg/m2 versus 45.9 kg/m2, p = 0.43).
The remaining analysis was conducted among the 104 women with sufficient samples. The median (range) of age and BMI were 38.0 years (20.0–63.0 years) and 45.9 kg/m2 (35.7–80.1 kg/m2), respectively. Patient demographics are shown in Table 1. There was no significant difference in age (p = 0.52) or BMI (p = 0.16), but there was a significant difference in race distribution (p = 0.02) across the three cohorts.

[bookmark: _Toc5874891]Table 1 Comparison of general characteristics of study participants (N=104) by institution
	[bookmark: _Hlk519353209]
	[bookmark: OLE_LINK86][bookmark: OLE_LINK87]Minnesota 
(n=54)
	[bookmark: OLE_LINK88][bookmark: OLE_LINK91]Virginia 
(n=22)
	Pennsylvania 
(n=28)
	p-value

	Age (years)
	40.5 (20.0-60.0)
	38.1 (21.0-63.0)
	38.0 (30.0-62.0) *
	p = 0.52**

	BMI (kg/m2)
	45.4 (36.0-64.3) *
	46.3 (40.7-80.1) *
	46.1 (35.7-66.1) *
	[bookmark: OLE_LINK117][bookmark: OLE_LINK118]p = 0.16**

	Race
	
	
	
	[bookmark: OLE_LINK194][bookmark: OLE_LINK195]p = 0.02***

	White
	51 (94.4%)
	17 (77.3%)
	20 (71.4%)
	

	African American
	3 (5.6%)
	4 (18.2%)
	8 (28.6%)
	

	Other
	0 (0.0%)
	1 (4.5%)
	0 (0.0%)
	


* Median (range). ** p-value is based on Kruskal-Wallis test. *** p-value is based on Chi-square test.

The percentage of participants who were equal or greater than 52 years old and the distribution of endometrial histologies by institution is shown in Table 2. Overall, 25.0% of women were at least 52 years old, which is the average age of menopause for women in the US. Total prevalence of endometrial anomalies in our study was 14.4% (15/104) or 10.6% (11/104) excluding endometrial polyps. The prevalence of any hyperplasia was 8.7% (9/104), including eight subjects with hyperplasia without atypia and one subject with atypical hyperplasia. Six participants (5.8%) had evidence of other anomalies including: 2 participants with metaplasia and 4 participants with endometrial polyps. Forty-six participants (44.2%) showed evidence of proliferative endometrium, which was the most common histology. Forty-three subjects did not have any anomalies or proliferative endometrium: secretory (25/104; 24.0%) and inactive (18/104; 17.3%). No participants presented with endometrial cancer.

[bookmark: _Toc5874892]Table 2 Comparison and combination of biopsy results of study participants by institution
	
	Minnesota
(n=54)
	Virginia
(n=22)
	Pennsylvania
(n=28)
	Total
(n=104)

	Age ≥ 52
	13 (24.1%)
	6 (27.3%)
	7 (25.0%)
	26 (25.0%)

	Biopsy results
	

	Anomalies excluding polyps
Endometrial hyperplasia
Endometrial metaplasia 
Anomalies including polyps
Endometrial polyp
	4 (7.4%)
4 (7.4%)
NR
4 (7.4%)
NR
	3 (13.6%)
3 (13.6%)
NR
3 (13.6%)
NR
	4 (14.3%)
2 (7.1%)
2 (7.1%)
8 (28.6%)
4 (14.3%)
	11 (10.6%)
9 (8.7%)
2 (1.9%)
15 (14.4%)
4 (3.8%)

	Proliferative endometrium
	24 (44.4%)
	13 (59.1%)
	9 (32.1%)
	46 (44.2%)

	Other findings
Secretory endometrium
Inactive endometrium
	26 (48.1%)
14 (25.9%)
12 (22.2%)
	6 (27.3%)
6 (27.3%)
NR
	11 (39.3%)
5 (17.9%)
6 (21.4%)
	43 (41.3%)
25 (24.0%)
18 (17.3%)


NR, not reported.
[bookmark: _Toc5874887]Factors Related to Endometrial Histology
[bookmark: OLE_LINK71][bookmark: OLE_LINK72][bookmark: OLE_LINK142][bookmark: OLE_LINK143][bookmark: OLE_LINK6][bookmark: OLE_LINK7]Age distribution did not significantly differ by the presence of the groups of interest (“anomalies” group and “proliferative endometrium” group), as a comparison to the “other findings” group (39.0 years versus 38.0 years, p = 0.97), based on the result of Wilcoxon rank sum test. BMI distribution was significantly different, with subjects with endometrial anomalies or proliferative endometrium having higher degree of obesity than their counterparts with “other findings” (median 46.4 kg/m2 versus 44.5 kg/m2, p = 0.006). Distribution of BMI by the more fine-grained endometrial histology categories is shown in Figure 2. Participants with hyperplasia had the highest BMI compared to any other histology categories and the group with inactive endometria had the lowest BMI. With adjustment for age and race, higher BMI was associated with higher odds of anomalies and/or proliferative endometrium (adjusted OR = 1.11, 95% CI [1.03, 1.19], per 1 kg/m2; p = 0.007). A linear association between BMI and log odds ratio of endometrial biopsy of interest was confirmed by graphing a partial residual plot. A quadratic association with BMI was not detected. These data suggest that for every 1 kg/m2 increase in BMI, there was a corresponding and compounding 11% increase risk of having anomalies and/or proliferative endometrium.

[image: ]
Others: endometrial metaplasia or endometrial polyp
[bookmark: _Toc5874895]Figure 2 Distribution of biopsy results sorted by BMI

[bookmark: _Toc5874888]Literature Search and Comparison Our Data with Published Work
[bookmark: OLE_LINK39][bookmark: OLE_LINK40][bookmark: OLE_LINK85][bookmark: OLE_LINK89]We identified 183 articles in the initial literature search; of these five met criteria for inclusion (Figure 3). Selected studies were from different countries, including United States [52, 53], Turkey [54], Greece [55], and India [56]. Although the included subjects from the literature search did not have irregular vaginal bleeding and history of endometrial malignancy or pathology, they were at least 10-year older than our participants on average and many of them were perimenopausal or postmenopausal at the time of recruitment. In contrast to the women with severe obesity in our sample, participants included from the 5 articles were in normal weight or overweight. The prevalence of anomalies (endometrial cancer, hyperplasia, endometrial polyp, and metaplasia) in the 5 articles ranged from 2.4% to 7.3% [52-56] (Table 3), which appear lower than ours (14.4%; 95% CI: 8.3%, 22.7%). Since only one of the five articles reported endometrial polyp finding, to avoid the impact of polyps on our sample, comparison of anomalies excluding endometrial polyp was also performed. Excluding endometrial polyps, the prevalence of anomalies (endometrial cancer, hyperplasia, and metaplasia) in the 5 articles ranged from 0.8% to 7.3% [52-56], which is still lower than ours (10.6%; 95% CI: 5.4%, 18.1%). The pooled prevalence of hyperplasia (4.1%; 95% CI: 1.2%, 8.5%) in asymptomatic women in those published studies was significantly lower compared to the prevalence of our sample (8.7%; 95% CI: 4.0%, 15.8%) (p=0.02) (Figure 4). In addition, we also found that the pooled prevalence of proliferative endometrium (18.1%; 95% CI: 9.3%, 29.2%) from the literature was significantly less than the prevalence in our sample (44.2%; 95% CI: 34.5%, 54.3%) (p<0.01) (Figure 5). Serious heterogeneity was showed in both the hyperplasia prevalence (I2=96.0%) and the proliferative endometrium prevalence (I2=97.7%) among selected studies.

[image: ]
[bookmark: _Toc5874896]Figure 3 Study flow of literatre search and selection


	
	[46-49, 57]
Our sample
(n=104)
	[52]
Archer, 1991
(n=606)
	[53]
Korhonen, 1996
(n=2,768)
	[54]
Gol, 2009
(n=556)
	[55]
Grigoriadis, 2014
(n=333)
	[56]
Awale, 2018
(n=55)

	General characteristics

	Country
	US
	US
	US
	Turkey
	Greece
	India

	Mean age (years)
	38.0* (range: 20.0-63.0)
	52.1±5.7
	52.0* (range:40.0-66.0)
	52.5±6.6
	63.6 ±10.0
	51.1 ± 11.9

	Mean BMI (kg/m2)
	45.9* (range: 35.7–80.1)
	NR
	24.2
	28.7 ± 4.8
	26.9 ± 4.1
	NR

	Endometrial biopsy results

	Anomalies

Hyperplasia
Other pathologies
Cancer
Proliferative
	15
(14.4%; [8.3%, 22.7%])
9 (8.7%; [ 4.0%, 15.8%])
6 (5.8%; [ 2.1%, 12.1%])**
/
46
(44.2%; [ 34.5%, 54.3%])
	42
(6.9%; [5.0%, 9.3%])
41 (6.8%; [4.9%, 9.1%])
NR
1 (0.2%; [0.0%, 0.9%])
133
(21.9%; [18.7%, 25.5%])
	67
(2.4%; [1.9%, 3.1%])
19 (0.7%; [0.4%, 1.1%])
46 (1.7%; [1.2%, 2.2%])***
2 (0.1%; [0.0%, 0.3%])
696
(25.1%; [23.5%, 26.8%])
	33
(5.9%; [4.1%, 8.2%])
30 (5.4%; [3.7%, 7.6%])
NR
3 (0.5%; [0.1%, 1.6%])
37
(6.7%; [4.7%, 9.1%])
	9
(2.7%; [1.2%, 5.1%])
9 (2.7%; [1.2%, 5.1%])
NR
/
NR
	4
(7.3%; [2.0%, 17.6%])
4 (7.3%; [2.0%, 17.6%]))
/
/
12
(21.8%; [11.8%, 35.0%])
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Other pathologies, endometrial metaplasia and polyps; NR, not reported; /, none. * median. ** 2 endometrial metaplasia and 4 endometrial polyps. *** 46 endometrial polyps.
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P: prevalence; LCL: lower confidence level; UCL: upper confidence level.
[bookmark: _Toc5874897]Figure 4 Comparison of the endometrial hyperplasia prevalence
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P: prevalence; LCL: lower confidence level; UCL: upper confidence level.
[bookmark: _Toc5874898]Figure 5 Comparison of the proliferative endometrium prevalence
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Our study confirmed the hypotheses that the odds for anomalies and proliferative endometrium increases linearly with BMI among women with severe obesity or even worse and that women with severe obesity have a higher prevalence of anomalies and proliferative endometrium. Taken together with the recent trends in the epidemic of severe obesity (especially among women under the age of 40) [58, 59], these data suggest that screening of individuals who are asymptomatic with severe obesity may be a practical route to decreasing the burden of endometrial pathology, as well as endometrial cancer morbidity and mortality. Also there may be potential cost savings of avoiding gynecologic surgery if effective interventions, such as annual serum screening for endometrial cancer in a high-risk population (i.e. obesity and age≥ 45), can be used in women with proliferative pathologies before they transform to cancers [50].
Comparison of endometrial pathologies (endometrial cancer, hyperplasia, endometrial polyp, and metaplasia) between previously published studies and our study revealed that the prevalence of anomalies in our sample (14.4%; 95% CI: 8.3%, 22.7%, with polys, 10.6%; 95% CI: 5.4%, 18.1%, without polys) was much higher than the previously reported prevalence (2.4% to 7.3% with polyps, 0.8% to 7.3% without polyps). The pooled prevalence of hyperplasia in asymptomatic women from those published studies was 4.1% (95% CI: 1.2%, 8.5%), which was significantly lower than the prevalence in our sample (8.7%; 95% CI: 4.0%, 15.8%) (p=0.02), despite the fact that samples in the published studies were slightly older, reflecting that older age is a commonly accepted risk factor for endometrial cancer [60]. Among the five selected studies, a serious heterogeneity (I2=96.0%) has been found in the prevalence of hyperplasia, which indicated a substantial diversity among the prevalence. Meanwhile, we found the pooled prevalence of proliferative endometrium (18.1%; 95% CI: 9.3%, 29.2%) in the published studies was statistically significantly lower compared to 44.2% (95% CI: 34.5%, 54.3%) observed in our study (p<0.01). Among the four selected studies, a serious heterogeneity (I2=97.7%) was found in the prevalence of proliferative endometrium, which indicated a substantial diversity among the prevalence. Of the 104 participants, 26 (25.0%) were at least 52 years old, which is the average age of menopause for women in the US. Since women with obesity are likely to have more anovulatory cycles with lower progesterone levels [4, 5], and some participants with severe obesity in our study reported irregular menstrual cycles, we can hypothesize that some of the proliferative endometrium findings could represent disordered proliferative endometrium. In women with severe obesity, the combination of proliferative endometrium and obesity could potentially increase the risk of unexpected endometrial pathologies and low fertility [4, 5].
 This is one of the first studies to combine endometrial pathology results from bariatric surgery candidates across three US health systems. One of the strengths of this study is that the participants of the three cohorts included in our study share many characteristics, including severe obesity (BMI≥35), intact uteruses, no history of endometrial cancer, and being healthy enough to meet the bariatric program acceptance criteria. Most participants did not have gynecologic symptoms, such as abnormal vaginal bleeding and pelvic pain. The other strength is that all endometrial samples were obtained using a Pipelle suction curette following the same protocol. Therefore, the three groups of participants are very comparable despite different exclusion criteria and geographical locations across the three cohort studies [46-49, 57]. However, the following limitations should be considered. First, even after combining the three US cohorts, our study sample size was still relatively small, which could reduce statistical power. Second, due to lack of full medical record for every participant included in our sample, we were not sure if the proliferative endometrium finding could be considered to be in disordered pattern, although some participants reported abnormal menstrual cycles at the time of recruitment. Third, regardless of age and BMI, individual-level information on the reproductive history and menopausal status of our sample and those selected studies was not available, which might confound the prevalence of endometrial biopsy result.
Since our study demonstrated a high prevalence of endometrial pathologies in women with severe obesity, it is possible that this particular group of women (especially younger women wishing to retain fertility or to recover from infertility), may benefit from endometrial pathology screening and/or chemoprophylaxis with progesterone compounds. Larger and more thorough examination of relationships between levels of obesity and endometrial pathology are needed to better characterize high cancer risk groups who may benefit from introducing new screening measures. Additionally, future research efforts should focus on evaluating the cost-effectiveness of EC screening in high-risk women and identifying characteristics of women who can benefit from screening or prevention activities (progesterone therapy). For instance, young women with severe obesity can potentially preserve fertility and reduce healthcare expenditures from the introduction of EC preventive activities so that the number of pathologies requiring endometrial surgical interventions would be greatly reduced.
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