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Abstract

Objective: Adult women with polycystic ovary syndrome (PCOS) and obesity have an 8-fold 

increased risk of developing type 2 diabetes (T2D). Our goal was to determine the incidence and 

risk factors for T2D in adolescents with PCOS and obesity.

Research Design and Methods: Retrospective chart review of girls aged 11–21 years with 

confirmed PCOS (oligomenorrhea and hyperandrogenism) diagnosis between 7/2013–8/2018 and 

at least one follow-up visit and BMI >85%ile. T2D incidence, defined with an HbA1c ≥6.5%, 

was calculated. A nested case-control study with 1:3 matching by race, ethnicity, and BMI was 

performed to determine predictors of T2D diagnosis.

Results: 493 patients with PCOS (age 15.6±1.9 years, BMI 36.2±6.3 kg/m2) were identified 

with a follow-up of 1,018 person-years. 23 developed T2D (incidence 22.6/1,000 person-years) 

with diagnosis a median of 1.8 years (2 months to 5.5 years) after PCOS diagnosis. T2D risk was 

higher in girls with a prediabetes HbA1c (5.7–6.4%) [HR 14.6 (4.8–44.5)] and among Hispanic 

girls with an elevated HbA1c and alanine aminotransferase [HR 19.0 (3.7–97.2)] at the time of 
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PCOS diagnosis. In the 1:3 matched cohort, T2D risk was 18.7 times higher [OR 18.66 (2.27–

153.24)] for every 0.1% increase in HbA1c at the time of PCOS diagnoses.

Conclusions—Girls with PCOS and obesity have an 18-fold increase in T2D incidence 

compared to published rates in non-PCOS youth. Hispanic girls with elevated HbA1c and ALT are 

at particular risk. Due to the morbidity associated with youth onset T2D, these findings argue for 

better screening and prevention approaches in this population.
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Introduction

Polycystic Ovary Syndrome (PCOS) affects 6–10% of women in the United States and 

upwards of 15% of obese women. PCOS is associated with many co-morbidities including 

insulin resistance (IR), type 2 diabetes (T2D), nonalcoholic fatty liver disease (NAFLD), 

obstructive sleep apnea (OSA), and decreased quality of life (1–7). Women with both PCOS 

and obesity are 2.5 times more likely to have IR (3,4,8,9). The conversion from IR to 

diabetes is more rapid in adult women with PCOS than in those without PCOS (10,11). 

A recent longitudinal study from Australia involving the largest cohort to-date estimated 

the incidence of T2D among adults with PCOS at 4.19/1,000 person years (PYs) versus 

1.02/1,000 PYs for women without PCOS, an approximately 4-fold increase in risk (12). 

The incidence rates for T2D in women with PCOS increases proportionally with body mass 

index (BMI): 3.2/1,000 PYs in normal-weight, 4.7/1,000 PYs in overweight, and 8.8/1,000 

PYs in obese women (12). Current screening recommendations acknowledge the increased 

risk of diabetes in women with PCOS and thus recommend universal screenings for T2D in 

women with PCOS every 1–3 years (1,13,14). Although similar screening guidelines exist 

for adolescent girls, there is little evidence informing the frequency of screening for T2D 

(1,15–18).

Youth-onset T2D is more severe and distinctively different than adult-onset diabetes. Youth 

who develop T2D have accelerated disease progression, higher rates of morbidity and 

earlier mortality than adults with diabetes (18–22). Further, typical therapies to treat T2D, 

such as lifestyle, metformin, insulin or thiazolidinediones, fail at a much higher rate in 

youth (19,21). T2D appears to preferentially impact adolescent females, and more than 

50% of girls with T2DT2Dfail metformin therapy within two years, relative to 40% of 

adolescent boys or 10% of adults within five years (19). Thus, the need to develop tools and 

interventions to prevent development of youth-onset T2D, especially among adolescent girls 

is urgent.

The risk of T2D is increased among adult women with PCOS. Evidence-based data 

regarding T2D incidence among adolescent girls are lacking. Therefore, the two aims of 

this study are to determine the incidence of T2D in overweight and obese girls with PCOS 

and to identify genetic, metabolic, or hormonal predictors for T2D to better inform future 

screening and preventative efforts.
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Methods

Data Collection

This study consisted of a retrospective chart review of the electronic medical record (EMR) 

at Children’s Hospital Colorado, a large tertiary care center with a 7-state referral area 

for pediatric diabetes management. This EMR system captures the data from at least 10 

affiliated general pediatric practices and, thus, represents a large variety of patients. The 

Colorado Multiple Institutional Review Board approved the study. Data collection was 

designed to calculate the incidence and risk factors for T2D. Patient selection criteria for 

the initial EMR search patient selection included: 1) patients aged 11–21 years at time of 

PCOS diagnosis 2) at least 2 office visits, with at least one between 7/1/2013–8/15/2018, 

3) PCOS identified using ICD 9/10 code of “polycystic ovaries”, and 4) excess weight 

identified by ICD9/10 “overweight or obese”. These data were chosen to coincide with the 

application of the Endocrine Society PCOS guidelines in clinical practice, as well as the 

widespread adoption in our area of LCMS/MS for the measurement of serum testosterone. 

From this initial cohort, manual data extraction was performed by a single researcher (JHB) 

to confirm that patients met criteria for inclusion in the final cohort. Overweight or obese 

was defined as BMI > 85th percentile at time of PCOS diagnosis. PCOS diagnosis was 

confirmed using Endocrine Society guidelines which were implemented 6 months prior 

to data collection (13), in particular 1) documented oligomenorrhea or age > 15 years 

with primary amenorrhea and 2) clinical or biochemical evidence of hyperandrogenism 

and 3) exclusion of any other cause for irregular menses or hyperandrogenism. T2D was 

defined per American Diabetes Association criteria (18). PCOS and T2D status were 

adjudicated by a board-certified pediatric endocrinologist (MCG). Patients with type 1 

diabetes or transgender individuals receiving gender-affirming treatment with testosterone 

were excluded. Those with a diagnosis of T2D prior to the diagnosis of PCOS, or with 

simultaneous diagnosis of PCOS and diabetes were also excluded.

Key demographic and diagnostic information at the time of PCOS diagnosis were collected. 

Demographic information included: age, race, ethnicity, and insurance type (public, private, 

uninsured). Diagnostic information included: BMI value/percentile/Z-score, systolic blood 

pressure, HbA1c, alanine aminotransferase (ALT), testosterone concentration, personal 

history of obstructive sleep apnea (OSA), family history of a first-degree relative with 

PCOS, T2D, obesity, or OSA. Clinic sites of initial presentation for PCOS were categorized 

as Pediatric Endocrinology, Lifestyle Medicine, Adolescent Gynecology, Adolescent 

Medicine, and Other. Data on medications were collected where available.

To control for the variable duration of follow-up and further understand risk factors for 

PCOS beyond the effect of race/ethnicity, age and BMI, a secondary nested case-control 

(T2D-vs noT2D) evaluation was performed. Each T2D case was matched to three controls 

that did not develop T2D by 1) duration of follow-up (all three controls exceeded follow-up 

time for each case) 2) race/ethnicity, 3) age and 4) BMI at time of PCOS diagnosis. In 

this sub-cohort, the following variables were recorded at baseline: triglycerides, high-density 

lipoprotein (HDL), ALT, free testosterone, medication use including exogenous hormones 
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and medications known to affect insulin sensitivity, and maternal history of gestational 

diabetes mellitus during any pregnancy.

Statistical Analysis

Data are presented as the mean ± standard deviation, median (25th %,ile 75th %ile) or 

number (percent). For descriptive statistics (Table 1), comparisons between PCOS only and 

PCOS developing T2D were performed with chi-square or Fisher’s exact or student’s t-test, 

as appropriate. As follow-up length varied per individual patient, the cohort was stratified 

into those above or below the median follow-up time, to determine whether follow-up time 

impacted the results. The incidence of diabetes was defined as the number of incident 

diabetes cases/1,000 PY of PCOS patients with longitudinal data. PY were calculated as 

the date of the last visit in the EMR system recorded where symptoms for T2D could 

be assessed minus the date of PCOS diagnosis, and in those with T2D, date of T2D 

diagnosis minus date of PCOS diagnosis. To examine factors related to time to development 

of diabetes, Kaplan-Meier curves were generated for 1) the entire longitudinal cohort, 2) 

the cohort stratified by race/ethnicity, HbA1c at time of PCOS diagnosis (normal <5.7 or 

prediabetes ≥5.7%−6.4%) and 3) the girls at highest-risk for T2D, defined as Hispanic 

ethnicity and both elevated HbA1c and ALT compared to those with neither or only one 

of HbA1c or ALT elevated. Hispanic ethnicity and ALT were selected for this model 

in addition to HbA1c after they were found to be related to T2D development in initial 

analysis. Comparisons were performed with the log-rank test, and group differences are 

summarized with the hazard ratio (HR) and associated 95% confidence interval. Within 

the nested case-control sub-study, conditional logistic regression was used to investigate 

the relationship between T2D development and potential predicting factors. Analyses were 

conducted in SAS 9.4 (SAS Institute, Cary, NC, USA) and Prism 8 (GraphPad Software, 

San Diego, CA, USA).

Results

A total of 710 charts of overweight or obese girls with possible PCOS were identified from 

the initial EMR query (Figure 1). On manual chart review, 493 met criteria for inclusion. 

Of the 217 who were ineligible, reasons for exclusion were: 68 unable to confirm PCOS 

per guidelines; 97 with less than 2 months of follow-up data; 14 with type 1 diabetes; 5 

not overweight or obese at time of PCOS diagnosis; 2 receiving testosterone treatment for 

transgender therapy. Due to the nature of our research question, 31 cases of prevalent T2D 

and PCOS were also excluded; 12 diagnosed with PCOS and T2D simultaneously and 19 

diagnosed with T2D prior to PCOS diagnosis. The final cohort (n=493) included 470 cases 

of PCOS and 23 cases of PCOS + T2D. The duration of observation ranged from 2 months - 

8.5 years, with a total follow-up time of 1,018 PY.

The incidence of T2D among overweight or obese adolescents with PCOS was 22.6/1,000 

PYs. The median time to diagnosis of T2D was 1.8 (0.5–3.1) years with a range of 2 months 

- 5.5 years after PCOS diagnosis. The median follow-up for the PCOS-only group was 1.5 

(0.7–2.9) years with a range of 2 months - 8.5 years.
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Both the PCOS only and PCOS+T2D groups were approximately 15 years of age at the time 

of PCOS diagnosis, and mean age of diagnosis of T2D was age 17 years (Table 1). Only 

19 without T2D and 1 who developed T2D were > 18 years at time of PCOS diagnosis. 

The T2D group had a higher BMI (p=0.016) and BMI Z-score at time of PCOS diagnosis 

(p=0.006). Race was similar between groups, although those with T2D were more likely 

to be of Hispanic ethnicity (p=0.031). There was no difference in type of health insurance, 

personal history of OSA or family history of PCOS, T2D, obesity or OSA between the 

groups. Whereas there was no statistical difference in the initial clinic of presentation for 

PCOS, the rate of those seen in a primary care clinics (other/adolescent medicine) is < 25%, 

with most seen in endocrinology or gynecology clinics, and < 20% in specialty obesity 

referral clinics. When the cohort was stratified by length of follow-up, those with follow-up 

that was > than the median were on average 6 months younger, were more likely to receive 

care in the Adolescent Medicine Clinic and have an obese parent, and less likely to receive 

care in the Lifestyle Medicine Clinic. Otherwise, the PCOS only and PCOS+T2D groups 

were similar in terms of BMI Z-score, race/ethnicity, insurance status, rates of development 

of diabetes and HbA1c and ALT at diagnosis (data not shown). Medication data in terms 

of use of hormonal therapy or metformin could not be systematically quantified due to 

incomplete records that did not adequately document dose or adherence, multiple therapies 

tried over a duration of follow-up or contraception started by providers outside the EMR 

system. However, in a separate PCOS clinic analysis, we found that approximately 40% of 

girls with obesity and PCOS are prescribed metformin for management of PCOS (23).Time 

to development of T2D was estimated using a Kaplan-Meier (KM) survival curve (Figure 

2A). Patients were stratified by Hispanic White, Non-Hispanic White and Non-Hispanic 

Black race/ethnicity (Figure 2B), with patients with no race/ethnicity reported or reported 

as Native American or Asian excluded for this analysis due to low numbers. There was 

no difference between the three KM curves divided by race/ethnicity (p=0.11). Patients 

were also stratified by HbA1c at the time of PCOS diagnosis (Figure 2C) as normal 

HbA1c (N=312) or prediabetes HbA1c (N=96). Sixty-five patients had only fasting or oral 

glucose tolerance test (OGTT) glucose samples collected and thus did not have a HbA1c at 

PCOS diagnosis. 24% of participants had a prediabetes-range HbA1c at the time of PCOS 

diagnosis, and they had a higher risk of developing T2D [HR 14.6 (4.8–44.5), p<0.0001]. 

In Figure 2D, the KM curves for the 27 Hispanic girls with both a prediabetes HbA1c 

and elevated ALT (defined as >32 IU/L) were significantly different, compared to the 165 

Hispanic girls with neither or only one of elevated HbA1c and/or ALT [HR 18.9 (3.7–97.2); 

p<0.001].

Results from the case-control analysis are shown in Table 2. As designed, the cases of 

girls with PCOS who then developed T2D did not differ by age, BMI z-score, or race/

ethnicity compared to the matched PCOS only cases. There was no statistical difference in 

length of follow-up between the groups (2.7±1.9 and 2.1±1.6 years in the PCOS only and 

PCOS + T2D groups, respectively). For every 1% increase in HbA1c at the time of PCOS 

diagnosis, there were 18.7 (2.3–153) higher odds of developing T2D. Other demographics 

and biomarkers were not different between the groups.
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Discussion

We report that overweight and obese girls with PCOS are at increased risk for T2D 

compared to published rates. With the most recent estimates of T2D incidence among 

overweight or obese adults with PCOS ranging from 4.7–8.8/1,000 PYs(12), the estimated 

incidence of T2D among overweight or obese adolescents with PCOS of 22.6/1,000 PYs 

is nearly 3-fold greater. Adolescent girls with obesity and PCOS are also at much higher 

risk than the general U.S. youth population (10–18 years) for whom the incidence rate of 

T2D is 0.13/1,000 PYs according to the SEARCH for diabetes in youth data from 2012 

(24). From this SEARCH cohort, the rate of T2D in adolescents in Colorado was 0.08/1,000 

PY, and 0.16/1,000 PY among adolescent females. However, only 32% of youth in the 

SEARCH study are overweight or obese, and thus these estimates are lower than would be 

seen with an only obese population (25). Data from the United Kingdom were categorized 

by overweight or obese status, and the incidence of T2D was 1.26/1,000 PYs in overweight 

or obese youth in 2014, although the racial and ethnic make-up of this cohort is different and 

carries a lower risk for T2D (26). Therefore, even compared to other overweight or obese 

youth, the incidence of T2D is still higher in girls with PCOS.

Several studies have been performed to measure rates of dysglycemia in adolescents with 

PCOS. These studies confirm that dysglycemia is relatively common and presents early 

in the development of PCOS. The prevalence of impaired glucose tolerance (IGT) was 

25% in a Chinese study of 20 overweight or obese girls with PCOS and 24% in a larger 

Canadian study of 117 girls of similar weight(16,17). In a mixed BMI cohort of 28 girls with 

PCOS of similar racial/ethnic composition as our study, 32% had IGT (27). These rates of 

dysglycemia are nearly twice that reported for adolescent girls 13.4 % (10.8–16.5) included 

in a recent NHANES study (28). Our rates of pre-diabetes showed that early evidence of 

dysglycemia was common at 24%, similar to other adolescent PCOS cohorts and is related 

to T2D development.

Similar to other obese populations, several known risk factors for T2D were identified 

including Hispanic ethnicity, more severe obesity, existing dysglycemia and evidence of 

elevated transaminases as a marker of NAFLD(29,30). Youth of Hispanic ethnicity are 

known to have increased risk for T2D, and it thus appears that this risk remains regardless 

of PCOS status (24,28,30). A prediabetes range HbA1c at the time of PCOS diagnosis 

was predictive for the development of T2D although we do not have the data to know if 

this is more sensitive than the more time intensive OGTT. Whereas elevated ALT was not 

independently related to T2D risk, the conversion to T2D was very high in girls of Hispanic 

ethnicity with both an elevated ALT and HbA1c. This finding is consistent with the literature 

in adults suggesting that NALFD is a predictor of future T2D (31).

Current ADA guidelines recommend that women with PCOS and obesity be considered 

a high risk group and screened annually for development of T2D if HbA1c is ≥5.7%, or 

every 3 years if HbA1c is in the normal HbA1c range (32). ADA guidelines for obese 

youth call for screening every 1–3 years (18). T2D screening guidelines for adult women 

with PCOS are also every 1–3 years (1,15,25). In the TODAY study, T2D progression to 

failure of a single agent occurred within a year, confirming the rapid progression of T2D 
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in youth (19). In girls with PCOS and additional risk factors, 2 years may be too long of 

an interval for early detection and intervention implementation, given that the mean time to 

T2D development in our cohort was approximately 21 months from PCOS diagnosis. Girls 

with PCOS and additional risk factors for T2D (i.e. Hispanic ethnicity, more severe obesity, 

family history of gestational diabetes, HbA1c ≥ 5.7%, ALT > 32 IU/L) may benefit from 

shorter screening intervals and more aggressive interventions to prevent progression to T2D.

Our risk predictors for T2D of HbA1c and ALT are also not part of the routine screening 

procedures for obese youth listed in the most recent PCOS guidelines (1). Whereas the 

Endocrine Society guidelines recommend an OGTT or an HbA1c for diabetes screening, 

more recent PCOS guidelines recommend repeated OGTT’s in the setting of obesity (1,13). 

However, our data indicate that a pre-diabetes HbA1c is predictive of future T2D in 

this patient cohort, and conversely, a normal HbA1c was overall reassuring against the 

development of future T2D. The choice to emphasize an OGTT in the PCOS guidelines 

is based on several studies which demonstrated dysglycemia with an OGTT in the setting 

of a “normal” HbA1c, and thus the concern that waiting for a change in HbA1c will miss 

early dysglycemia, and delay initiation of metformin therapy. However, metformin can also 

be prescribed without evidence of dysglycemia. Further study is needed to determine if 

HbA1c can be utilized for screening for dysglycemia in this patient population, as this test 

is cheaper, easier, less time intensive and more reproducible than an OGTT, especially in 

youth (33,34). Neither set of PCOS guidelines recommends routine screening for NAFLD, 

although the condition is discussed in the Endocrine Society guidelines. However, for this 

pediatric patient population with obesity, routine screening with ALT is recommended by 

American Academy of Pediatrics general obesity or North American Society of Pediatric 

Gastroenterology, Hepatology and Nutrition NAFLD guidelines (35,36).

Our study has several strengths and weaknesses. The main strength is the relatively 

large population of overweight or obese adolescents with PCOS. Unlike other studies 

that depended upon self-report of PCOS, T2D, and BMI, the cases of PCOS and T2D 

described here were all objectively measured and confirmed by a pediatric endocrinologist 

in accordance with Endocrine Society and ADA standards. Another strength is that the 

exact age at diagnosis of PCOS and T2D was known from the dates listed in the chart, and 

that longitudinal data on glycemic progression were available. Whereas age of diagnosis 

does not equal age of symptom development, this is still a useful marker for clinicians 

who are making a new diagnosis of PCOS. Limitations of this study include the single 

center scope, which limits the diversity of the population included, although our center does 

care for patients from a seven-state referral area. Given our geographic location, nearly 

half of the population included was of Hispanic ethnicity, primarily Mexican descent. An 

overrepresentation of adolescents of Hispanic ethnicity included in the study relative to 

the general population could inflate the T2D incidence observed, especially as it relates 

to the SEARCH cohort, which was 23.4% Hispanic (24). Because our center is a large 

T2D referral center with a multi-state catchment area, there may also be a referral bias 

that increases the prevalence of T2D. However, the proportion of initial appointments in 

the Lifestyle Medicine clinic were the same in the PCOS-only and the PCOS+T2D group, 

limiting the likelihood of significant referral bias affecting the incidence results, and our 

rates of pre-diabetes are similar to that seen in other PCOS cohorts. Most PCOS diagnoses 
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were made in gynecology or endocrinology clinics, with less than 20% in primary care 

clinics. It is possible that the incidence is even higher than reported, as the median follow-up 

was 1.5 years, and if we had more years of follow-up on all patients we could have even 

more cases of T2D. Finally, an ideal comparator group of obese girls of a similar age 

without PCOS has not yet been published and frequent screening for T2D is not regularly 

advised in asymptomatic obese youth, so non-research clinical cohorts do not exist. An 

attempt of a chart review of girls with obesity to match these data would require thousands 

of patients, due to the low prevalence of diabetes, and even then, the results may be biased 

as repeated screening for T2D is often performed only when the clinician has a concern for 

T2D development.

There are several additional challenges inherent to any retrospective study of data collected 

for clinical care purposes. We acknowledge that the dependence upon ICD 9/10 codes for 

initial chart identification may mean that we missed cases eligible for inclusion. The quality 

of the data were also dependent on physicians drawing the relevant laboratory studies as part 

of their routine clinical practice, and, as a result, not every patient had every data point at 

every visit, especially ALT, which is not part of the 2018 international PCOS guidelines. 

Further, 17% did not have an HbA1c at PCOS diagnosis, but rather a different assessment of 

glycemia. The quality of the medication data varied, with little documentation on adherence 

to prescribed medications and we were thus unable to assess the role, if any, of metformin 

or hormonal therapy on T2D development. However, there may have been a bias in these 

data even if it were available, as in our practice, metformin is typically advised for those at 

higher metabolic risk (23). Finally, patients who were lost to follow-up could not be tracked 

for development of T2D and the number of patients in the cohort decreased after 2 years. 

However, there were few clinical differences between those with shorter or longer durations 

of follow-up.

Conclusion

The risk of T2D in overweight and obese youth with PCOS is more than two-fold greater 

than that of obese women with PCOS and more than 18-fold greater than that of the general 

overweight and obese adolescent population. Girls with an elevated HbA1c at time of PCOS 

diagnosis and Hispanic ethnicity are at particular risk. Future multi-center studies are needed 

to confirm the incidence and prevalence of T2D among overweight and obese adolescents 

with PCOS, to determine the rates among healthy-weight girls with PCOS, and to compare 

these rates to the general adolescent population. Due to the worse outcomes associated 

with youth-onset T2D, these findings should prompt concern for greater metabolic health 

implications and potentially more intensive screening protocols for overweight and obese 

adolescents with PCOS.
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Figure 1: 
Identification and inclusion of participants

Numbers of patients initially identified and then the final cohort identified are shown.
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Figure 2: 
Kaplan-Meier Estimator of Survival without diabetes in Obese/Overweight Adolescents with 

PCOS

Kaplan-Meier curves are shown, with number at risk shown under the graphs. A) All 

participants with longitudinal data are shown B) Participants are stratified by race and 

ethnicity C) Patients are stratified by HbA1c category at time of PCOS diagnosis D) 

Hispanic patients with a HbA1c ≥ 5.7 % and ALT > 32 IU/L are compared to Hispanic 

girls with neither HbA1c or ALT elevated or just HbA1c OR ALT elevated.
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Table 1.

Characteristics at time of PCOS diagnosis of longitudinal cohort by T2D status

PCOS only
n=470

PCOS + T2D
n = 23

Age at PCOS Diagnoses (years) 15.7 ± 1.8 15.4 ± 2.1

Age at diabetes diagnosis (years) - 17.5 ± 2.2

Body Mass Index kg/m 2 35.9 ± 6.3 39.0 ± 5.8*

BMI Z-score 2.15 ± 0.41 2.36 ± 0.31**

Race

African American 50 (11%) 5 (22%)

White 366 (78%) 17 (69%)

Other 26 (5%) 2 (9%)

Refused 28 (6%) 0 (0%)

Hispanic Ethnicity 224 (47%) 15 (65%)*

Insurance Type

Public 267 (57%) 17 (74%)

Private 164 (34%) 3 (13%)

None 39 (9%) 3 (13%)

Clinic Type

Endocrinology 215 (46%) 15 (65%)

Adolescent Gynecology 66 (14%) 1 (4%)

Lifestyle Medicine 59 (13%) 4 (17%)

Adolescent Medicine 91 (19%) 2 (9%)

Other 39 (8.3%) 1 (4%)

Past Medical History

Obstructive sleep apnea 81 (17%) 8 (35%)

Family History

PCOS 44 (9%) 2 (9%)

T2D 111 (23%) (35%)

Obesity 113 (23%) (39%)

Obstructive sleep apnea 28 (6%) 3 (13%)

HbA1c (%) 5.4 ± 0.3 5.8 ± 0.4 ***

ALT (IU/L) 38 ± 28 53 ± 36 *

Data presented are mean ± standard deviation of the mean, or number (percent of the total). Significance is denoted as

***
p<0.001
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**
p<0.01

*
p<0.05 when compared to PCOS only group.

Lifestyle Medicine is a referral T2D clinic. PCOS= polycystic ovary syndrome, T2D= type 2 diabetes, BMI = body mass index, ALT=alanine 
aminotransferase. BMI, HbA1c and ALT are from time of PCOS diagnosis.
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Table 2.

Risk factors for T2D in BMI, age and race/ethnicity matched cohort

Matched PCOS only
n = 69

PCOS + T2D
n = 23

Odds Ratio (95% CI)

Age at PCOS Diagnosis (years) 15.6 ± 1.8 15.6 ± 2.0

BMI Z-score 2.3 ± 0.3 2.4 ± 0.3

Non-Hispanic White 6 (8.7%) 2 (8.7%)

Duration of Follow-up Past Medical History 2.7±1.9 2.1±1.6

Obstructive sleep apnea 14 (22%) 8 (35%) 1.49 (0.19–1.47)

Family History

PCOS 3 (5%) 2 (9%) 0.50 (0.06–4.04)

Diabetes 15 (24%) (35%) 0.58 (0.21–1.63)

Obesity 15 (24%) (39%) 0.41 (0.13–1.30)

Obstructive sleep apnea 0 (0%) (13%) n/a*

Gestational Diabetes 0 (0%) (17%) n/a*

Clinical Markers (at PCOS diagnosis)

HbA1c (%) 5.4 ± 0.4 5.8 ± 0.4 18.7 (2.27–153.24)

Triglyceride (mg/dL) 135 ± 53 168 ± 76 1.01 (1.00–1.03)

HDL (mg/dL) 41 ± 11 38 ± 9 0.82 (0.66–1.03)

ALT (IU/L) 40 ± 39 53 ± 36 1.00 (0.98–1.02)

Free Testosterone (ng/dL) 10.4 ± 7.4 12.4 ± 14.0 1.00 (0.94–1.07)

3:1 matching of PCOS only to PCOS+diabetes cases based on BMI, race/ethnicity, and age at PCOS diagnosis. Data presented are mean ± standard 
deviation or frequency (%). PCOS only served as reference group for regression analysis. A 1% increase in HbA1c at PCOS diagnosis reflected the 
18.7 odds ratio.

*
Model did not converge.
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