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Abstract 15 

Study question: What is the incidence/prevalence of type 2 diabetes in women with 16 

polycystic ovary syndrome (PCOS) and the economic burden associated with PCOS in the 17 

UK? 18 

Summary answer: The incidence and prevalence of type 2 diabetes in women with PCOS are 19 

3-33 per 1000 person years and 26.5%, respectively, with an associated annual healthcare 20 

burden of at least £237 million in the UK. 21 

What is known already: Although observational studies have been designed to assess the 22 

incidence of diabetes in women with PCOS, these have beenopen to criticism because of 23 

short periods of follow-up, small sample sizes or invalidated diagnosis of PCOS. Only one 24 

study has estimated the healthcare-related economic burden of PCOS, reporting a cost of 25 

$4.36 billion per year in the USA. 26 

Study design, size, duration: This was a modelling study using individual patient data from a 27 

UK primary care database between 2004 and 2014 and aggregate data from the literature to 28 

obtain conversion rates through disease progression of PCOS. A simulation approach was 29 

applied to model the population dynamics of PCOS over a follow-up period of 25 years.   30 

Participants/materials, setting, methods: A total of 14,135 women with PCOS or symptoms 31 

indicative of PCOS were selected from the primary care database to estimate the incidence 32 

of confirmed diagnosis of PCOS and diagnosis of type 2 diabetes. A “virtual’’ cohort including 33 

the entire PCOS population (size estimated from the UK census data) was simulated to 34 

model the population dynamics of PCOS. The economic and utility analyses were further 35 

conducted from a healthcare perspective.  36 



Main results and the role of chance: The peak conversion rate from possible to diagnosed 37 

PCOS was 121 per 1000 person-year (PY). The maximal incidence of type 2 diabetes was 33 38 

per 1000 PY. The estimated prevalence of diabetes in the PCOS population was 26.5% (95% 39 

interval: 25.4%-27.8%) during a 25-year follow-up. The annual healthcare burden of PCOS 40 

based on our conservative estimate is at least £237 million for the follow-up period 41 

examined.  42 

Limitations, reasons for caution: Due to lack of data, a full economic evaluation including 43 

healthcare costs of all the comorbidities associated with PCOS was not possible. 44 

Simplification of the real-world situation represented by the model may be a concern. 45 

Wider implications of the findings: This study suggests that a large number of women with 46 

symptoms indicative of PCOS never receive a definitive diagnosis yet can suffer from a rapid 47 

conversion to diabetes. This significantly reduces the quality of life for individual patients 48 

and incurs high costs for healthcare providers. As the risk of diabetes in women with PCOS is 49 

similar to that seen in populations at high risks of diabetes, it is possible that including them 50 

in national screening programmes may be cost effective. 51 

Study funding/competing interest(s): There was no funding for the current study. There are 52 

no conflicts of interest. 53 

Trial registration number: Not applicable 54 
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 56 

Introduction 57 



Polycystic ovary syndrome (PCOS) was originally considered a reproductive endocrine 58 

condition but it is now recognised as a multi-system disorder associated with type 2 59 

diabetes, coronary heart disease, stroke, and endometrial cancer (Anderson et al., 2014; 60 

Barry et al., 2014; Morgan et al., 2012). Because its aetiology is unknown and the symptoms 61 

are so diverse, a wide range of treatments are used, with most of them exclusively directed 62 

at symptoms (Ding et al., 2016). Although the association with diabetes was first reported in 63 

1980 (Burghen et al., 1980), the impact of PCOS on individuals and healthcare providers is 64 

still largely underestimated. Community studies have indicated that PCOS is a common 65 

endocrine disorder in women, with an estimated prevalence of 4.8-8% in the white 66 

population (Diamanti-Kandarakis et al., 1999; Asuncion et al., 2000; Sanchon et al., 2012; 67 

Lauritsen et al., 2014). Given its high prevalence and the associated long-term morbidities, 68 

the healthcare costs of PCOS are likely to be considerable. However, as far as we are aware 69 

there has been only one published cost-of-illness study, showing that the total cost for 70 

investigation and treatment for reproductive-aged women with PCOS in the USA is $4.36 71 

billion per year, with treatment of type 2 diabetes accounting for over 40% of the costs 72 

(Azziz et al., 2005).   73 

In this study, we modelled the population dynamics of PCOS to estimate the prevalence of 74 

type 2 diabetes in PCOS population. We also estimated the healthcare costs and quality of 75 

life associated with PCOS in the UK over the course of a 25-year period, from 2014 to 2039, 76 

using a simulation-based approach. 77 

 78 

Methods 79 

Data source 80 



We used a combination of data sources to fully address our research questions. Individual 81 

patient data were extracted from The Health Improvement Network (THIN), a primary care 82 

database in the UK with patient data collected from more than 500 practices, covering over 83 

6% of the patient population in England and Wales. Aggregate data from other sources 84 

include published observational studies (selected through a systematic search), UK census 85 

data and lifetable from the Office for National Statistics (Office for National Statistics), the 86 

British National Formulary (BNF) (Joint Formulary Committee, 2015) and published reports 87 

by the National Health Service (NHS). 88 

 89 

Ethical approval 90 

No approval was required for this study. 91 

 92 

Study population 93 

A cohort of women with PCOS were selected from THIN, from which we estimated several 94 

parameters of interest. This cohort consisted of women aged 15-44 who permanently have 95 

registered and contributed at least one year of data to THIN, with a diagnosis of PCOS or 96 

two or more symptoms indicative of PCOS (e.g. menstrual irregularities, hyperandrogenism, 97 

polycystic ovaries) (Ding et al., 2016). We only included data from practices that were 98 

deemed to use their computer system fully to record patient consultations (e.g. at least one 99 

medical record, one additional health data record such as body mass index and two therapy 100 

records per patient are computerised each year for a practice) and had acceptable mortality 101 

reporting (Horsfall et al., 2013; Maguire et al., 2009). We then simulated a ‘virtual’ 102 



population including the entire PCOS cohort in the UK, whose size was estimated from the 103 

UK census data.  104 

 105 

Modelling approach 106 

The analysis was mainly based on a multistate model, which is often called a Markov model 107 

(MM) in health economic evaluation (Briggs and Sculpher, 1998). We assumed that the 108 

progression of PCOS consists of four possible states: probable PCOS (State 1), diagnosed 109 

PCOS (State 2), PCOS with diabetes (State 3) and death (State 4). Figure 1 graphically 110 

represents the MM and the definition for each state as follows. State 1: Women who 111 

present symptoms indicative of PCOS but have not yet received a confirmed diagnosis. State 112 

2: Women who have been clinically diagnosed with PCOS. This group consists of prevalent 113 

cases and newly emerging cases each year. State 3: PCOS patients who have developed type 114 

2 diabetes. Once patients enter this state, we assumed that they cannot be cured and will 115 

either remain or die (State 4). State 4: This is an “irreversible” state, because obviously 116 

individuals who transit here cannot move away.  117 

The movements are governed by suitable transition probabilities, represented by the 118 

parameters 𝑝12, 𝑝13, 𝑝14, 𝑝23, 𝑝24, 𝑝34 (Figure 1), where the notation 𝑝𝑝𝑝 (𝑝, 𝑝 =  1,2,3,4 here 119 

to represent different states) indicates the probability that a random individual in the 120 

population moves between state 𝑝 and state 𝑝 betweenyear 𝑝 and year 𝑝 + 1 of the follow-121 

up (Supplementary Table I).  122 

The transition probabilities describing the movements across the disease states (State 1, 2 123 

and 3) were estimated using a Poisson regression model controlled for age and framed in a 124 



Bayesian setting. The full model specification and assumptions are presented in 125 

Supplementary Information.  126 

The analysis was performed using JAGS (Hornik et al., 2003) interfaced with R. Two Markov 127 

chains running simultaneously and a total of 50,000 simulations per chain were generated, 128 

with the first 5,000 in the burn-in (pre-convergence) period discarded. In order to reduce 129 

autocorrelation, we then thinned the chains by including in our analysis 1 every 90. This 130 

resulted in estimates being based on 1,000 independent simulations. The model 131 

convergence was assessed based on the Gelman-Rubin diagnostic statistics (see more 132 

details in Supplementary), which were provided for all parameters in the model 133 

(Supplementary Figure I, II and III). 134 

As the Poisson regression estimated the instantaneous rates, we converted these incidence 135 

rates into annual transition probabilities for the MM by assuming that the incidence rates 136 

were constant for a given age group during a Markov cycle of 1 year.  137 

The baseline year was set to be 2014, with a follow-up of 25 years. The rationale for the 138 

selection of the time horizon and the assumptions for simulation are discussed in 139 

Supplementary Information. Two scenarios were considered and simulated: (i) a closed 140 

cohort with PCOS population aged 15-44; and (ii) an open cohort model with females aged 141 

1-14 in 2014 gradually entering the study population in the follow-up period. 142 

 143 

Quality of life and costs analysis 144 

The healthcare costs of PCOS and type 2 diabetes was projected by summing the cost of 145 

each relevant treatment. The overall cost of an individual treatment was estimated by 146 



multiplying its unit cost, daily dose and treatment duration by the number of patients 147 

requiring that treatment in a given state at a given time.  148 

The unit cost of the drugs considered was based on the listing prices reported in the BNF 149 

and published studies. The healthcare costs for individual PCOS patients with diabetes were 150 

approximated by that of diabetic patients (Hex et al., 2012). Since it is difficult to quantify 151 

the costs of lifestyle modification, we only considered costs of all the relevant drugs. The 152 

summary of the drug doses and costs are displayed in Table 1.  153 

The cumulative proportion of PCOS patients receiving the most relevant prescriptions for 154 

the condition at least once within one year after the diagnosis was estimated using data 155 

from THIN (Supplementary Table II). The recommended dose of each treatment considered 156 

were referred from the BNF and experts interviews (Supplementary Table III).   157 

Quality of life (QoL) data from published studies were used for estimation. We assumed that 158 

probable cases have the same QoL as diagnosed cases (Coffey et al., 2006) as many 159 

probable cases may indeed be true cases but remain under-diagnosed due to failure of 160 

screening. The QoL of PCOS patients who developed diabetes was approximated by that of 161 

diabetic patients (Jhita et al., 2014) because, at present, there is no study providing data for 162 

this specific cohort. To facilitate the comparisons across economic evaluations (National 163 

Institute for Health and Clinical Excellence, 2013), we converted the QoL estimates for PCOS 164 

patients using the 36-Item short survey form (SF-36) into EQ-5D score (Ara and Brazier, 165 

2008). The QoL of a virtual healthy cohort of the same population size as the PCOS cohort 166 

was simulated in comparison with our PCOS cohort and the QoL of the general population in 167 

the UK was referred from Kind et al. (Kind et al., 1999)  168 



As is recommended in health economic evaluations, discounting can adjust future costs and 169 

outcomes of healthcare interventions to their “present value’’. Therefore, the discounting 170 

rate in the UK (i.e. 3.5%) was applied (National Institute for Health and Clinical Excellence, 171 

2013) to both costs and QoL measures.  172 

 173 

Sensitivity analysis 174 

We included analysis for “what-if” scenarios, i.e. the impact of varying incidence rates based 175 

on different assumptions (estimates for transition from diagnosed PCOS to diabetes) for the 176 

Poisson regression model on the proportion of patients ending up in diabetic state in the 177 

MM. The details of these “what-if” scenarios are presented in the Supplementary 178 

Information.   179 

  180 

Results 181 

Data sharing  182 

Model output data are available on request from Tao Ding. More information of current on-183 

going projects in our research group can be found: 184 

http://www.ucl.ac.uk/statistics/research/statistics-health-economics/current-projects  185 

 186 

Incidence rates of PCOS and diabetes in women with PCOS 187 

http://www.ucl.ac.uk/statistics/research/statistics-health-economics/current-projects


The incidence rates for probable cases to receive a diagnosis of PCOS vary for different age 188 

groups and are notably lower for older women: above 100 per 1000 PY for women aged 15-189 

19 and below 20 per 1000 PY for women aged 30 and above (Table 2).  190 

The estimated incidence rates of probable cases converting to diabetes are also presented 191 

in Table 2 and younger women are associated with higher rates. The estimated incidence 192 

rates of diagnosed cases converting to diabetes do not vary substantially for different age 193 

groups in the base case scenario, remaining constant between 22 and 32 per 1000 PY. After 194 

including assumptions based on empirical studies (Sensitivity analysis 1 and 2), variation was 195 

observed for different age groups, e.g. the incidence rate of diabetes is below 5 per 1000 PY 196 

for women aged 15-19 and increases to 30 per 1000 for women aged 40-44 years. 197 

 198 

Cohort simulation 199 

The UK census data suggest a total number of 17,793,085 women aged 1-44 in 2014. The 200 

closed and open cohort model included 287,888 and 318,235 PCOS patients, respectively, 201 

for simulations. Table 3 shows the age distribution of PCOS patients. 202 

The projected number of patients over states at consecutive 5-year intervals after 2014 is 203 

displayed in Table 4. The closed cohort model estimated that 26.3% (95% interval: 25.2%-204 

27.6%) of the PCOS patients are likely to convert to diabetes by the end of follow-up and the 205 

proportion is 26.5% (95% interval: 25.4%-27.8%) for the open cohort model. The distribution 206 

of patients over states is displayed in the rainbow plots (Figure 2). 207 

 208 

Healthcare-related economic burden 209 



The estimated healthcare cost of PCOS is approximately £237 million (95% interval: £237-210 

238 million) in 2014 and it increases over the follow-up period (Figure 3), with a present 211 

value of the overall disease burden of over £7 billion (95% interval: £6.8-7.3 billion) after 212 

applying discounting. The mean costs per patient per year are within a range of £723-950 213 

during the 25-year follow-up (e.g. £723 in 2014, increased to a discounted value of £950 in 214 

2023). This corresponds to an overall mean cost for an individual patient on an annual basis 215 

of £876 during the entire follow-up period. The costs of treating diabetes account for over 216 

96% of the overall healthcare burden.  217 

 218 

Quality of life 219 

The mean score of EQ-5D is 0.76 and 0.7 (SD 0.3) for PCOS patients and PCOS patients with 220 

diabetes, respectively. Over the 25-year follow-up, the QoL is reduced from 0.75 (95% 221 

interval: 0.67-0.79) to 0.31 (95% interval: 0.24-0.34) for the entire cohort simulated. This is 222 

lower compared to the healthy cohort (from 0.85 in 2014 to 0.35 in 2039), as represented 223 

by the shaded area in grey (Figure 4).   224 

 225 

Discussion 226 

Summary 227 

We modelled the population dynamics of PCOS, healthcare costs and QoL for women who 228 

developed PCOS in the UK from 2014 to 2039. The results suggest that 26% of PCOS 229 

population may develop diabetes by the end of follow-up, and this remained robust in the 230 

sensitivity analysis. The QoL of PCOS patients was lower than women without PCOS (quality 231 



deficits of 0.04-0.1) throughout the follow-up period. The cost to the NHS was estimated to 232 

be at least £237 million per year. 233 

 234 

Strengths and limitations 235 

As far as we are aware, this is the first study to combine a large cohort of women, with 236 

validation of the diagnosis of PCOS and long follow-up, to report the annual incidence of 237 

PCOS. It is also the first health economic evaluation of this condition in a European 238 

population and the first analysis to model the QoL using a general (non-clinic) population. 239 

We applied a modelling approach to the real-world evidence, which is a cost-effective way 240 

to explore what-if scenarios using simulations for a long follow-up period. Modelling,  241 

however has inherent limitations so we accept the need to corroborate our results using the 242 

international prospective ongoing databases which are currently being developed. The data 243 

used in this study was derived from THIN which is a database of UK patients so the risks of 244 

diabetes that we found might differ from other countries depending on various factors 245 

including rates of obesity. 246 

As we used individual patient data (IPD) from routine practices, the estimated transition 247 

rates reflect the true conversion between disease states for the referred PCOS population 248 

because most of the patients’ experience are within the primary care in the UK. However, 249 

patients with more severe symptoms (e.g. obesity) are expected to consult general 250 

practitioners (GPs) more frequently (possibly with a shorter interval between consultations). 251 

This referral bias may lead to higher estimated rates of conversion from PCOS to diabetes. 252 

We attempted to address this issue by using Bayesian methods such that our IPD can be 253 

complemented by some formal representation of external evidence from other 254 



observational studies in similar settings. It was hoped that combining these data can limit 255 

the impact of bias that may exist in either our data or empirical studies. By using 256 

simulations, we were able to fully characterise the uncertainty about all of the parameters 257 

and propagate this uncertainty to the model. In effect, the Bayesian procedure produces a 258 

large number of simulations from the joint distribution of all of the parameters. Each of 259 

these can in turn be used to simulate potential futures, in terms of population dynamics as 260 

determined by the transitions across the states of the model. 261 

The current model only controlled for age whereas obesity and ethnicity may influence the 262 

transition from PCOS to diabetes. For example, obesity worsens PCOS and accelerates the 263 

conversion to diabetes (Sam, 2007) and a higher risk of diabetes is observed for certain 264 

ethnic groups (Zhao and Qiao, 2013). However, since part of the risk of developing PCOS is 265 

obesity, it is in fact not possible to separate the effect of obesity and PCOS on the 266 

accelerated conversion rates of diabetes. Another reason for not including weight status 267 

and ethnicity in our model is that the information on these variables were recorded in less 268 

than 50% of the patients in the THIN database. 269 

The estimate for the healthcare costs for PCOS is likely to be conservative for several 270 

reasons. Our previous study (Ding et al., 2016) suggested that the prevalence of PCOS 271 

estimated from THIN is much lower (by a factor of at least three) compared with community 272 

studies. Moreover, GPs are unlikely to make a diagnosis of PCOS after menopause, so the 273 

conversion rates from probable cases to diabetes may be underestimated. We assumed that 274 

women with PCOS aged above 45 develop diabetes during the follow-up at the same rate as 275 

those aged 40-45. This is conservative because an increasing prevalence of diabetes is 276 

observed in aging population. If we applied the same relative risk of diabetes across age 277 



groups in the general population (Sharma et al., 2016) for our analysis, the prevalence of 278 

diabetes in the PCOS population was projected to be over 40% in 2039. Furthermore, the 279 

costs of treating other morbidities associated with PCOS were not included due to a lack of 280 

data, e.g. infertility, cardiovascular diseases, endometrial cancer and psychological disorders 281 

(Barry et al., 2011).  282 

 283 

Interpretation 284 

Our finding suggests low rates for conversion from probable to confirmed PCOS and high 285 

conversion rates from PCOS to diabetes. The failure of screening (to make a confirmed 286 

diagnosis of PCOS) and the rapid conversion from PCOS to diabetes result in over 25% of the 287 

women with PCOS being estimated to develop diabetes by 2039.  This significantly impacts 288 

the QoL for individual patients (quality deficits of 0.04-0.1 measured by EQ-5D) and incurs a 289 

substantial amount of healthcare costs (a discounted present value of over £7 billion 290 

pounds) to the NHS, e.g. equivalent to the total annual spending on statins (National 291 

Institute for Health and Clinical Excellence). This further emphasises the need for a more 292 

efficient screening approach as earlier diagnosis would allow intervention to reduce the 293 

impact of the syndrome on women with PCOS (around 750,000 women in the UK). 294 

In the USA, an HbA1c test is recommended for PCOS patients by a guideline (Legro et al., 295 

2013) but we found that only 2.4% of women had this diabetes screening test within one 296 

year after their diagnosis of PCOS (only increasing slightly to 4% after three years of 297 

diagnosis). Screening with HbA1c has been found to be cost effective for other high-risk 298 

populations, as the test is inexpensive and facilitates intervention to prevent diabetes or 299 

reduce complications. This test is already incorporated in the NHS health check and the 300 



National Diabetes Prevention Programme (National Health Service). These programmes 301 

target those aged 40-74 with BMI≥30 (or BMI≥27.5 for South Asian population) in whom the 302 

incidence of diabetes ranges from 14.3 to 23.8 per 1000 PY (Tillin et al., 2015). Our finding 303 

that the incidence is 10-30 per 1000 PY in women with PCOS aged below 45 suggests a 304 

possible role for screening PCOS patients to improve prevention and allow early diagnosis of 305 

diabetes. 306 

Based on our results, it is possible that expanding the target population of NHS health check 307 

and the National Diabetes Prevention Programme to include women with a diagnosis of 308 

PCOS or symptoms suggestive of PCOS may be cost effective. This is because an HbA1c test 309 

is cheap compared to the cost of a delayed diagnosis of diabetes. Estimates from the USA 310 

and now the UK suggest that failure to identify this high-risk population incurs substantial 311 

healthcare spending.  312 

 313 

Conclusion 314 

The results of this study highlight the considerable number of women whose diagnosis of 315 

PCOS is uncertain and their potential missed opportunity for prevention or early treatment 316 

of diabetes. Consequently, women with PCOS suffer long-term reduction in quality of life 317 

and this incurs a high level of expenditure for the NHS. Based on the incidence of diabetes, 318 

expanding the current targeted populations in diabetes prevention programmes to include 319 

women with PCOS may be cost effective. 320 

 321 

Authors’ roles 322 



T.D. contributed to the study design, analysis and interpretation of the data and drafted the 323 

article and revised it critically for important intellectual content. G.B. contributed to the 324 

analysis and interpretation of data, revised the manuscript critically for important 325 

intellectual content and gave final approval of the version to be published. P.J.H and I.P. 326 

revised the article critically for important intellectual content and gave final approval of the 327 

version to be published.  328 

 329 

Funding  330 

There is no funding for this study. 331 

 332 

Competing interests 333 

None declared.  334 

 335 

 336 

 337 

 338 

References 
 

Anderson, S.A., Barry, J.A., and Hardiman, P.J. Risk of coronary heart disease and risk of 
stroke in women with polycystic ovary syndrome: A systematic review and meta-analysis. 
International Journal of Cardiology 2014;176:486-487. 

Ara, R., and Brazier, J. Deriving an algorithm to convert the eight mean SF-36 dimension 
scores into a mean EQ-5D preference-based score from published studies (where patient 
level data are not available). Value Health 2008;11:1131-1143. 



Asuncion, M., Calvo, R. M., San Millan, J. L., Sancho, J., Avila, S., and Escobar-Morreale, H. F., 
A prospective study of the prevalence of the polycystic ovary syndrome in unselected 
caucasian women from spain. The Journal of Clinical Endocrinology & Metabolism 2000;85: 
2434-2438. 

Azziz, R., Marin, C., Hoq, L., Badamgarav, E., and Song, P. Health care-related economic 
burden of the polycystic ovary syndrome during the reproductive life span. The Journal of 
Clinical Endocrinology & Metabolism 2005;90:4650-4658. 

Barry, J.A., Azizia, M.M., and Hardiman, P.J. Risk of endometrial, ovarian and breast cancer 
in women with polycystic ovary syndrome: a systematic review and meta-analysis. Human 
reproduction update 2014;20:748-758. 

Barry, J.A., Kuczmierczyk, A.R., and Hardiman, P.J. Anxiety and depression in polycystic ovary 
syndrome: a systematic review and meta-analysis. Human reproduction 2011;26:2442-2451. 

Briggs, A., and Sculpher, M. An introduction to Markov modelling for economic evaluation. 
Pharmacoeconomics 1998;13:397-409. 

Burghen, G.A., Givens, J.R., and Kitabchi, A.E. Correlation of hyperandrogenism with 
hyperinsulinism in polycystic ovarian disease. The Journal of clinical endocrinology and 
metabolism 1980;50:113-116. 

Coffey, S., Bano, G., and Mason, H.D. Health-related quality of life in women with polycystic 
ovary syndrome: a comparison with the general population using the Polycystic Ovary 
Syndrome Questionnaire (PCOSQ) and the Short Form-36 (SF-36). Gynecological 
endocrinology: the official journal of the International Society of Gynecological 
Endocrinology 2006;22:80-86. 

Conway, G., Dewailly, D., Diamanti-Kandarakis, E., Escobar-Morreale, H. F., Franks, S., 
Gambineri, A., Kelestimur, F., Macut, D., Micic, D., Pasquali, R., et al. European survey of 
diagnosis and management of the polycystic ovary syndrome: results of the ese pcos special 
interest group's questionnaire. European Journal of Endocrinology 2014;171:489-498. 

Diamanti-Kandarakis, E., Kouli, C. R., Bergiele, A. T., Filandra, F. A., Tsianateli, T. C., Spina, G. 
G., Zapanti, E. D., and Bartzis, M. I., A survey of the polycystic ovary syndrome in the greek 
island of lesbos: hormonal and metabolic profile. The Journal of Clinical Endocrinology & 
Metabolism 1999;84:4006-4011. 

Ding, T., Baio, G., Hardiman, P. J., Petersen, I., and Sammon, C. Diagnosis and management 
of polycystic ovary syndrome in the uk (2004-2014): a retrospective cohort study. BMJ open 
2016;6:e012461. 

Hex, N., Bartlett, C., Wright, D., Taylor, M., and Varley, D. Estimating the current and future 
costs of Type 1 and Type 2 diabetes in the UK, including direct health costs and indirect 
societal and productivity costs. Diabetic medicine: a journal of the British Diabetic 
Association 2012;29:855-862. 

Hornik, K., Leisch, F., & Zeileis, A. (2003). JAGS: A program for analysis of Bayesian graphical 
models using Gibbs sampling. In Proceedings of DSC (Vol. 2, pp. 1-1). 

Horsfall, L., Walters, K., and Petersen, I. Identifying periods of acceptable computer usage in 
primary care research databases. Pharmacoepidemiology and drug safety 2013;22:64-69. 



Jhita, T., Petrou, S., Gumber, A., Szczepura, A., Raymond, N.T., and Bellary, S. Ethnic 
differences in health related quality of life for patients with type 2 diabetes. Health and 
quality of life outcomes 2014;12:83. 

Joint Formulary Committee. British National Formulary, 2015. https://www.bnf.org/  

Kind, P., Hardman, G., and Macran, S. UK population norms for EQ-5D. Centre for Health 
Economics, University of York York, 1999. 

Lauritsen, M., Bentzen, J., Pinborg, A., Loft, A., Forman, J. L., Thuesen, L., Cohen, A., 
Hougaard, D., and Andersen, A. N. , The prevalence of polycystic ovary syndrome in a 
normal population according to the rotterdam criteria versus revised criteria including anti-
mullerian hormone. Human Reproduction 2014;29:791-801. 

Legro, R.S., Arslanian, S.A., Ehrmann, D.A., Hoeger, K.M., Murad, M.H., Pasquali, R., Welt, 
C.K., and Endocrine, S. Diagnosis and treatment of polycystic ovary syndrome: an Endocrine 
Society clinical practice guideline. The Journal of clinical endocrinology and metabolism 
2013;98,4565-4592. 

Maguire, A., Blak, B.T., and Thompson, M. The importance of defining periods of complete 
mortality reporting for research using automated data from primary care. 
Pharmacoepidemiology and drug safety 2009;18: 76-83. 

Morgan, C.L., Jenkins-Jones, S., Currie, C. J., and Rees, D. A. Evaluation of adverse outcome 
in young women with polycystic ovary syndrome versus matched, reference controls: a 
retrospective, observational study. The Journal of Clinical Endocrinology & Metabolism 
2012;97:3251-3260. 

National Health Service. Guidelines for the management of acne (from 12 years of age), 
2015. 

National Health Service. NHS Diabetes Prevention Programme, 2016. 
https://www.england.nhs.uk/wp-content/uploads/2016/08/dpp-faq.pdf 

National Institute for Health and Clinical Excellence. Guide to the Methods of Technology 
Appraisal, 2013.  

National Institute for Health and Clinical Excellence. NICE publishes new draft guidelines on 
statins use, 2014. http://www.nhs.uk/news/2014/02February/Pages/NICE-publishes-new-
draft-guidelines-on-statins-use.aspx  

Office for National Statistics. Population Estimates by single year of age and sex for local 
authorities in the UK, mid-2014, 2015. https://www.ons.gov.uk/ 

Praet, C., and D'Oca, K. (2014). Cost-Benefit Model of Varying Nexplanon and Other Long-
Acting Reversible Contraceptive (Larc) Methods: Uptake Compared to the Oral 
Contraceptive Pill: UK Perspective. Value Health; 17:A508. 

Sam, S. (2007). Obesity and Polycystic Ovary Syndrome. Obes Manag;3:69-73. 

Sanchon, R., Gambineri, A., Alpa~nes, M., Martnez-Garca, M.  A., Pasquali, R., and Escobar- 
Morreale, H. F. , Prevalence of functional disorders of androgen excess in unselected 
premenopausal women: a study in blood donors. Human reproduction 2012;27:1209-1216. 

https://www.bnf.org/
http://www.nhs.uk/news/2014/02February/Pages/NICE-publishes-new-draft-guidelines-on-statins-use.aspx
http://www.nhs.uk/news/2014/02February/Pages/NICE-publishes-new-draft-guidelines-on-statins-use.aspx


Sharma, M., Nazareth, I., and Petersen, I. (2016). Trends in incidence, prevalence and 
prescribing in type 2 diabetes mellitus between 2000 and 2013 in primary care: a 
retrospective cohort study. BMJopen;6:e010210. 

Tillin, T., Sattar, N., Godsland, I.F., Hughes, A.D., Chaturvedi, N., and Forouhi, N.G. Ethnicity-
specific obesity cut-points in the development of Type 2 diabetes - a prospective study 
including three ethnic groups in the United Kingdom. Diabetic Med 2015;32:226-234. 

Zhao, Y., and Qiao, J. Ethnic differences in the phenotypic expression of polycystic ovary 
syndrome. Steroids 2013;78:755-760. 

339 



Figure 1. Overview of the health states included in the Markov model. Rounded rectangles 340 

represent a single health state. Arrows indicate that women can move across two states 341 

(from the one at which the arrow originates, to the one where it ends). The absence of an 342 

arrow connecting two nodes encodes the assumption that a particular transition is not 343 

possible. The state of death is an absorbing state and individuals from any state can move 344 

there and then remain forever.  345 

 346 

 347 

 348 

 349 

 350 

 351 

 352 

 353 

 354 

 355 

 356 



Figure 2. Distribution of patients (absolute number) over states in the follow-up period: (a) 357 

closed cohort model (top); (b) open cohort model (bottom).  358 
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 361 

Figure 3. Economic burden of PCOS in the UK over the follow-up period (2014-2039). Results 362 

for open cohort model are shown here.  363 
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 378 

Figure 4. Quality of life measured by EQ-5D simulated for the PCOS cohort (yellow line) and 379 

a healthy cohort (blue line) in the UK over the follow-up period (2014-2039). Data points on 380 

the curve represent the quality of life for the entire cohort at a given time point. Note that 381 

the area under the curve can be considered as the Quality Adjusted Life Years (QALYs) for 382 

each cohort. The shaded area in grey represents the difference in QALYs comparing PCOS 383 

and the healthy cohort. Results for open cohort model are shown here.  384 
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