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Obesity impairs general health-related quality of life (HR-QoL) in premenopausal women to a greater extent than the polycystic ovary syndrome (PCOS)

Obesity, PCOS and HR-QoL -5 -We measured general HR-QoL using the Spanish versions of the Short Form 36 Health Survey 102 (SF-36) questionnaire [START_REF] Alonso | The Spanish version of the SF-36 Health Survey (the 336 SF-36 health questionnaire): an instrument for measuring clinical results[END_REF] and the Nottingham Health Profile (NHP). [START_REF] Alonso | The Spanish version of the Nottingham Health Profile: 339 a review of adaptation and instrument characteristics[END_REF] 103

The SF-36 questionnaire uses 36 questions to estimate HR-QoL in eight scaled scores, which are 104 the weighted sums of the questions in their section. Four scores measure physical health (physical 105 functioning, role-physical, bodily pain and general health) and four measure mental health (vitality, 106 social functioning, role-emotional and mental health). [START_REF] Ware | SF-36 Health Survey. Manual and 341 interpretation guide[END_REF] Each scale is directly transformed into a 0-100 107 scale on the assumption that each question carries equal weight. The higher the score, the better the 108 result for the particular item.

109

The NHP is an auto-administered test of 45 questions distributed into two parts. Part I includes 38 110 questions grouped into six sections: physical ability (8 questions), pain (8 questions), sleep (5 111 questions), social isolation (5 questions), emotional reactions (9 questions), and energy level (3 112 questions). Part II consists of 7 general questions that may not be applicable and is seldom used 113 nowadays. Each question has to be answered as 'yes' or 'no'. Each scale is weighted, and the weights 114 are transformed to yield scores from 0 (no distress) to 100 (maximum distress). Scores are obtained for 115 each section and combined in order to obtain a total score.

116

The SF-36 and NHP questionnaires were self-adminstered by the women early in the morning and 117 3 to 8 days after a spontaneous or progesterone-induced withdrawal menstrual bleeding. We compared 118 the results of the PCOS patients with those of the controls, and we also compared the results of both 119 groups with the reference percentiles established for the Spanish general population of the same age-120 range and sex. [START_REF] Alonso | Population 343 reference values of the Spanish version of the Health Questionnaire SF-36[END_REF][START_REF] Alonso | Spanish version of the Nottingham Health Profile: 346 translation and preliminary validity[END_REF] Values above the 95 th percentile were considered abnormal for the NHP, and values 121 below the 5 th percentile were considered abnormal for the SF-36. 

130

Variables that remained skewed even after mathematical transformation were submitted to Mann-131 Whitney U tests and, for variables showing statistically significant differences, the possible impact of 132 the difference in age between patients and controls was explored by analyzing Spearman's correlation 133 of these variables with age in the whole population.

134

The impact of the grade of obesity on HR-QoL indexes was explored considering PCOS patients 135 and controls as a whole. We used the Kruskall-Wallis non-parametric ANOVA and, when this test 136 resulted in statistically significant differences, we identified which grades of obesity caused these 137 the results of an oral glucose tolerance test. [START_REF] Matsuda | Insulin sensitivity indices obtained from oral glucose 348 tolerance testing: comparison with the euglycemic insulin clamp[END_REF] The number of pregnancies and deliveries was reduced in 156 PCOS patients when compared with the controls. The only statistically significant difference among PCOS women and controls in the NHP 160 consisted of a reduced score in the bodily pain item of PCOS patients compared with the controls, 161 whereas no difference was observed in any other item (Figure 1). Because this variable was skewed 162 even after mathematical transformations we used nonparametric correlation to estimate a possible 163 influence of the older age of the controls in their higher bodily pain scores. These scores showed a 164 statistically significant yet very weak correlation with age (r 2 = 0.065, P = 0.009).

165

Similarly, PCOS was associated only with a worse score in the role-emotional item of the SF-36 166 test even after correcting for the difference in age, whereas no difference was observed in any other 167 item (Figure 1).

168

When compared with the reference values established for the Spanish population, the percentages 169 of subjects with abnormal scores in the NHP were not different in PCOS patients and controls, yet 170 both groups showed a large percentage of women showing abnormally increased scores in the energy 171 and mobility items and in the total score (Table 2). The percentage of women with scores abnormally 172 reduced with respect to the reference populational data was higher in PCOS patients compared with 173 the controls in the role-emotional item of SF-36, and there was a large percentage of women in both 174 groups presenting with abnormal scores in the general health, physical functioning, role-emotional and 175 social functioning items of the SF-36 test (Table 2).

177

Impact of the grade of obesity on the HR-QoL of overweight and obese premenopausal women 178

For these analyses we considered PCOS patients and controls as a whole, and we classified them 179 according to their BMI into overweight (BMI 25.0 -29.9 kg/m 2 ), grade 1 obesity (BMI 30.0 -34.9 180 kg/m 2 ), grade 2 obesity (BMI 35.0 -39.9 kg/m 2 ) and grade 3 obesity (BMI equal or above 40.0 kg/m 2 ) 181 subgroups.

182

The pain item of the NHP showed abnormally higher scores in women presenting with grade 1, 2 183 and 3 obesity compared with overweight women (Table 3), and the physical ability item was also 3), and the general health 188 item was also reduced in women with grade 3 obesity compared with the overweight subgroup (Table 189 3).

190

Finally, the number of women presenting with scores above the 95 th percentile of the NHP scores 191 of the Spanish general population was higher for the physical ability item in obese women compared 192 with overweight women (Table 4), and there was a large percentage of obese presenting with 193 abnormal scores also in the energy and total score of the NHP although not showing differences 194 among grades of obesity (Table 4). Similarly, the number of women presenting with scores below the 195 5 th percentile of the SF-36 scores of the Spanish general population was higher for the general health 196 item in obese women compared with overweight women (Table 4), and there was a large percentage 197 of obese presenting with abnormal scores also in the physical functioning, role-emotional and social 198 functioning items, although not showing differences among grades of obesity (Table 4). 

228

The negative impact of obesity may explain the worsening of general HR-QoL of PCOS patients 229 in previous studies by others, considering that obesity is frequently associated with PCOS. 35 The 230 impairment of HR-QoL, psychological well-being and sexual satisfaction in PCOS patients reported in 231 an earlier study conducted in Germany 36,37 might have been influenced by the fact that this series of 232 German PCOS patients were much heavier compared with their controls and, in sharp contrast with 233 our present study, the German series included many PCOS patients referred for the treatment of 234 infertility, a trait that may impair HR-QoL by itself.

235

In conceptual agreement with our present results, previous studies showed that the differences in 236 HR-QoL among adolescents with or without PCOS dissapeared when controlling for the influece of 237 body mass index, 38 and no differences in the SF-36 questionnaire were found among PCOS patients 238 and controls in adults when adjusting for weight. 16 Similarly, body mass index was a significant 239 modifier of the differences in the SF-36 found among Australian PCOS patient and controls, 18 Data are means ± SD.

a p < 0.05 compared with overweight women according to Kruskal-Wallis tests, followed by repeated Mann-Whitney tests as post hoc analysis, applying

Bonferroni correction to the level of significance. 

  154 insulin resistance and β-cell function indexes, and reduced insulin sensitivity index as calculated from 155

  Impact of PCOS on the HR-QoL of overweight and obese premenopausal women159

  with overweight women in the physical functioning item (Table

  results suggest that, when adequately paired for weight, there are very few differences 203 among premenopausal women with or without PCOS in their HR-QoL. Our PCOS patients showed 204 worse results compared with the controls only for the role-emotional item of the SF-36 questionnaire.205This item evaluates emotional problems that interefere with aspects pertaining to daily life and their 206 laboral sphere. Also, PCOS patients scored lower, and therefore better, in the pain item of the NHP 207 compared with the controls, yet the older age of the later might explain this particular difference 208 because HR-QoL worsens with age.31 209In contrast with the minimal impact of PCOS on HR-QoL, obesity was associated with a broad 210 worsening of many aspects evaluated by the HR-QoL scales used here, in conceptual agreement with 211 previous studies in children and adults.32,33 212 Obesity, PCOS and HR-QoL -9 -Compared with overweightness, obesity associated in our series worse scores in the pain and 213 physical ability items of the NHP and in the physical functioning and general health items of the SF-214 36. The results regarding the pain and phsysical ability item of NHP may be related to the well-known 215 association of obesity with osteomuscular disorders and with the obvious difficulties that weight 216 excess impose of mobility.34 Similarly, obesity exerted a negative impact of the SF-36 items related to 217 daily life activities, including mobility and personal care, influencing the general health perception of 218 these women.219Moreover, when compared with the standards derived from the general population, obese women 220 frequently scored abnormally in the energy, physical ability and total score items of the NHP, and in 221 the general health and physical functioning items of SF-36. Also, the frequencies of abnormal scores 222 tended to be higher with increasing grades of obesity, reaching statistical significance compared with 223 the overweight subgroup for the physical ability item of NHP and the general health item of SF-36.224Although quite frequent, the abnormal scores in the role-emotional and social functioning items of SF-225 36 were similarly distributed in oveweight and obese women. Considering that PCOS was equally 226 prevalent in overweight and obese women in the present series of premenopausal women 20 this finding 227 possibly reflected the specific impact of PCOS on the emotional aspects of HR-QoL.

  by the improvement observed after sucessful dietary restriction and life-style 243 modification.40 244 However, our present results do not indicate, by any means, that PCOS does not impair HR-QoL 245 by itself. This has been demonstrated in several studies7,16,18 by using a disease-specific HR-QoL 246 instrument termed the Polycystic Ovary Syndrome Questionnaire (PCOSQ) that considered 5 domains 247 related to this disorder: emotions, body hair, weight, infertility, and menstrual problems.41,[START_REF] Jones | The 383 Polycystic Ovary Syndrome Health-Related Quality of Life Questionnaire (PCOSQ): a validation[END_REF] Our study 248 was, on the contrary, designed to estimate the impact of obesity and PCOS on general HR-QoL 249 instruments, and therefore did not consider disease-specific dimensions that could not be answered by 250 the controls. In fact, many PCOS patients scored abnormally in several items of the NHP and SF-36 251 when compared with the standards derived from the general population. 252 Moreover, the fact that the PCOS patients in our series were younger compared with the controls 253 must be considered when interpreting our present results. As stated above, HR-QoL clearly worsens 254 with age. 31 Therefore, the age difference in among our PCOS patients and controls might have 255 obscured any difference in general HR-QoL attributable to PCOS. Furthermore, as a whole PCOS 256 patients showed a general HR-QoL similar to non-PCOS women who were several years older, 257 possibility reflecting that their HR-QoL may be inadequately impaired for their younger age. 258 In summary, obesity impaired general HR-QoL to a greater extent than PCOS in overweight and 259 obese premenopausal women. Given the frequent association among both disorders, this finding 260 should be considered when designing therapeutic strategies directed towards the improvement of the 261 quality of life of these women. Obesity, PCOS and HR-QoL -12 -11 Gambineri, A. & Pasquali, R. (2006) Insulin resistance, obesity and metabolic syndrome in 296 polycystic ovary syndrome. Endocrinologia y Nutrición, 53(Suppl 1), 49-55. 297 12 Sarlio-Lahteenkorva, S., Stunkard, A. & Rissanen, A. (1995) Psychosocial factors and quality of 298 life in obesity. International Journal of Obesity and Related Metabolic Disorders, 19 Suppl 6, M., Han, T. & Seidell, J. (1999) Impairment of health and quality of life using new US 301 federal guidelines for the identification of obesity. Archives of Internal Medicine, 159, 837-843. 302 14 Doll, H., Petersen, S. & Stewart-Brown, S. (2000) Obesity and physical and emotional well-being: 303 Associations between body mass index, chronic illness, and the physical and mental components 304 of the SF-36 questionnaire. Obesity Research, 8, 160-170. 305 15 Kolotkin, R.L., Meter, K. & Williams, G.R. (2001) Quality of life and obesity. Obesity Reviews, S., Bano, G. & Mason, H.D. (2006) Health-related quality of life in women with 308 polycystic ovary syndrome: a comparison with the general population using the Polycystic Ovary 309 Syndrome Questionnaire (PCOSQ) and the Short Form-36 (SF-36). Gynecological Endocrinology, 310 22, 80-86. 311 17 Elsenbruch, S., Benson, S., Hahn, S., Tan, S., Mann, K., Pleger, K., Kimmig, R. & Janssen, O.E. 312 (2006) Determinants of emotional distress in women with polycystic ovary syndrome. Human 313 Reproduction, 21, 1092-1099. 314 18 Ching, H.L., Burke, V. & Stuckey, B.G. (2007) Quality of life and psychological morbidity in 315 women with polycystic ovary syndrome: body mass index, age and the provision of patient 316 information are significant modifiers. Clinical Endocrinology, 66, 373-379. 317 19 Jones, G.L., Balen, A.H. & Ledger, W.L. (2008) Health-related quality of life in PCOS and related 318 infertility: how can we assess this? Human Fertility (Cambridge), 11, 173-185.
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  Obesity, PCOS and HR-QoL -16 -

  Obesity, PCOS and HR-QoL -18 -Table3. Influence of the grade of obesity on HR-QoL scores considering PCOS patients and controls as a whole.

Figure 1 .

 1 Figure 1. Health-related quality of life scores in PCOS patients and controls. Data are means ± SEM. a p < 0.05 for the comparison of PCOS patients and controls after controlling for a difference in age

  

  Obesity, PCOS and HR-QoL -6included age as a covariate to correct for the difference in age among PCOS patients and controls.

		F o r
		P
		e
		e r
		R
		e
		v i e
		w
	122	
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	124	Statistical analysis
	125	
	126	We express results as means ± SD unless stated otherwise. We used the Kolmogorov-Smirnov test
	127	to estimate the distribution of continuous variables, and we applied logarithmic or square root
	128	transformations as needed to ensure normality. We submitted normally distributed variables to a
	129	general linear model that included having PCOS or being a control as the independent variable, and

Results 145 146 Clinical characteristics of overweight and obese premenopausal women depending on the presence or 147 absence of PCOS 148 The comparisons of the clinical and biochemical characteristics of PCOS patients and controls 149 are included inTable 1 .

 1 We introduced age was as a covariate in the general linear model because

	138	differences by using repeated Mann-Whitney U tests in which the Bonferroni correction was applied
	139	to the level of significance. For nominal and ordinal variables we applied Pearson's χ 2 or Fisher's
	140	exact tests, as appropriate.
	141	We used the PASW Statistics 18 software (SPSS Inc. Chicago, Illinois) to compute statistic
	142	analyses. A α = 0.05 level of significance was used for all analyses except when Bonferroni
	143	adjustments were needed in order to correct for multiple comparisons among subgroups of women.
	144	
	150	
	151	PCOS patients were younger compared with controls. PCOS patients presented with increased
	152	hirsutism scores, androgen, triglycerides and luteinizing hormone concentrations, and reduced sex
	153	hormone-binding globulin and estradiol levels. PCOS patients were insulin resistant compared with
		the controls, and therefore had increased fasting insulin levels and homeostasis model assessment

Table 1 . Clinical and biochemical characteristics in PCOS patients and controls

 1 

	Patients (n = 32)	Controls (n = 72)	P value

among grades of obesity were observed in other NHP items (Table3).

Regarding SF-36, women presenting with grade 2 and 3 obesity had abnormally reduced scores

HR-QoL in PCOS patients.39 The contribution of obesity to the impairment of HR-QoL in PCOS
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b Data are counts (percentage) of women presenting with scores below the 5 th percentile of the Spanish general population.
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Obesity, PCOS and HR-QoL -19 - b Data are counts (percentage) of women presenting with scores below the 5 th percentile of the Spanish general population.

c Data were submitted to Fisher's exact test. The grade 1, 2 and 3 obesity categories were merged into an obesity category that was compared with the overweight category because, with the exception of physical functioning and role-emotional, for all HR-QoL items there were more than 20% of cells with expected frequencies below 5 and/or cells with expected categories below 2, not matching the requirements of the χ 2 test.