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ABSTRACT

Objectives: The aim of this study is to analyze correlation between vitamin D level and BMI

in polycystic ovary syndrome (PCOS) women. 

Material and methods: The study group consisted of 311 patients with PCOS. Patients were

categorized according to four phenotypes. All of the women participating in the study had

their blood tested in the appropriate phase of the menstrual cycle and after proper preparation

for the tests. The ultrasound examination and anthropometric measurements were performed. 

Results:  Vitamin  D concentration  was  assessed  in  all  study subgroups.  The  majority  of

patients had vitamin D deficiency or insufficient level. Variables included in the study, such
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as level of vitamin D, low density lipoprotein (LDL), sex hormone binding globulin (SHBG),

testosterone, androstenedione, Anti-Müllerian Hormone (AMH) and BMI were correlated. A

negative  correlation  was  observed  with  the  the  level  of  SHBG,  vitamin  D  and  AMH.

Subsequently, positive correlations were shown with testosterone, LDL and free testosterone

level. An analysis of the correlation between BMI and vitamin D concentration showed that

in phenotype I of PCOS this correlation was statistically significant and in the remaining

PCOS phenotypes the correlation was close to statistical significance.

Conclusions:  Most  PCOS patients  have  a  deficiency or  insufficient  level  of  vitamin  D.

Women with PCOS have shown a significant negative correlation between BMI and SHBG

serum level and between BMI and AMH level. A positive correlation exists between BMI and

total and free testosterone and LDL.

There is a negative correlation between BMI and vitamin D level in PCOS patients and in

phenotype I this correlation was statistically significant.
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INTRODUCTION

Polycystic ovary syndrome (PCOS) is a complex endocrine and metabolic disorder. It

is the most common in women of reproductive age, with a prevalence of 6–15% depending

on the  criteria  used  and ethnic  differences [1].  Clinical  features  are  heterogeneous,  with

manifestations typically arising in childhood and then evolving across adolescent and adult

life.  According  to  European  Society  of  Human  Reproduction  and Embryology (ESHRE)

criteria, two out of the three following should be met to diagnose patient with PCOS: 1)

ovulatory dysfunction resulting in oligo- and/or anovulation, 2) hyperandrogenism clinical or

biochemical and 3) the presence of polycystic ovarian morphology [2, 3]. The diagnostic

criteria generate four phenotypes. The full-blown syndrome (phenotype I) is characterized by

the presence of clinical and/or biochemical hyperandrogenism, menstrual disorders in  the

form  of  infrequent  menstruation  and  the  associated  rare  or  absent  ovulation  and  the

characteristic appearance of polycystic ovaries on ultrasound examination. Accordingly, the

phenotype  II  comprises  oligo-  and/or  anovulation  and  clinical  and/or  biochemical

hyperandrogenism, the phenotype III — clinical and/or biochemical hyperandrogenism and

polycystic  ovarian  morphology  and  finally  the  phenotype  IV  contains  oligo-  and/or



anovulation  and  polycystic  ovarian  morphology  [4].  Pathophysiologically  abnormalities

occur in gonadotropin secretion or action, ovarian folliculogenesis and steroidogenesis.

PCOS patients are at high risk of glucose intolerance, type 2 diabetes mellitus, insulin

resistance,  dyslipidemia,  overweight,  obesity,  metabolic  syndrome,  hypertension  among

many others, less common, such as iron metabolism disorders or abnormal level of vitamin

D3 [5].

In  PCOS women,  vitamin D level  may contribute  to  the  pathophysiology of  this

disorder.  The variety of serum vitamin D concentration is  associated with metabolic  and

endocrine disturbances, including especially overweight and obesity [6, 7].  Vitamin D is a

pro-hormone best  known for its  main role  in bone metabolism and calcium homeostasis.

Non-skeletal actions of vitamin D are including the role in autoimmune diseases, metabolic

syndromes  and  cardiovascular  disease  [8].  Vitamin  D  is  the  term used  to  describe  both

vitamin D2  (ergocalciferol) and vitamin D3 (cholecalciferol). Both the plant/fungus-derived

vitamin D2 and the animal-derived vitamin D3 forms can be found in human foods. However,

vitamin D3 is also produced in the skin by the action of ultraviolet B radiation from the sun

[9].

Recently, it has been reported that vitamin D deficiency was a common complication

of  PCOS  and  vitamin  D  status  was  associated  with  reproductive  ability  and  metabolic

alterations of PCOS patients [6]. The relationship between weight and vitamin D status has

not been clarified yet. There is ongoing discussion if vitamin D level is body mass index

(BMI) dependent [10].

The aim of this study is to analyze correlation between vitamin D level and BMI in

PCOS women and in individual PCOS phenotypes.

MATERIAL AND METHODS

The study involved 311 Polish women, newly diagnosed with PCOS, hospitalized in

the Department of Endocrinological Gynecology from December 2021 to September 2022.

Inclusion criteria were age 18–40 and PCOS diagnosis. The diagnosis of PCOS was based on

ESHRE criteria from 2018. Patients were categorized according to phenotypes. Patients with

hypothalamic-pituitary  dysfunction  or  insufficiency,  Cushing’s  syndrome,  acromegaly,

decreased ovary reserve, congenital adrenal hyperplasia were excluded. Three months before



hospital admission patients were informed to stop taking any kinds of supplements, including

vitamin D supplementation.

All the women participating in the study had their blood tested between 2nd and 6th day

of menstrual cycle, 12 hours from their last meal, on an empty stomach. Samples of venous

blood were withdrawn in the morning between 8.00 and 10.00 AM. The blood samples were

collected and delivered to the diagnostic laboratory in the hospital. Using the colorimetric

method, the markings in the lipid profile serum and glucose (analyzer AU 680 with reagents

from  Beckman  Coulter  (Brea,  California,  USA))  were  made.  Using  the  method  of

chemiluminescence  (with  microparticles  and  chemiluminescence  marker  (CMIA)  and

reagents  by  Abbott  (Architect  i2000SR;  Chicago,  Illinois,  USA)),  the  following  serum

concentrations  were  marked:  estradiol,  follicle  stimulating  hormone  (FSH),  luteinizing

hormone (LH), total  and free testosterone,  17-OH-progesterone,  androstenedione,  cortisol,

dehydroepiandrosterone  sulfate  (DHEAS),  sex  hormone  binding  globulin  (SHBG)  and

insulin.  Vitamin  D3  was  marked  using  the  Cobas  e801  (Roche  Diagnostics)

immunochemistry analyzer. The ultrasound examination was performed with the Voluson 730

Expert. Anthropometric measurements (body mass and height) were performed, and BMI was

calculated  according  to  standardized  criteria  (BMI  =  body  mass  [kg]/height  [m]2).  The

classification  was  made  in  accordance  with  the  standards  provided by the  World  Health

Organization, where BMI = 18.5–24.9 was assumed as normal body weight, 25.0–29.9 as an

overweight, 30.0–34.9 as I degree of obesity, 35.0–39.9 as II degree of obesity and ≥ 40 as III

degree of obesity.

RESULTS

The study group consisted of 311 patients with PCOS. There were 51.8% (n = 161)

patients with type phenotype I of PCOS, 13.8% (n = 43) with phenotype II, 18% (n = 56)

with phenotype III and with phenotype IV was 16.4% (n = 51). The study also included the

degree  of  obesity  assessed  in  5  categories  according  to  the  scale  of  the  World  Health

Organization. The study included 3.5% (n = 11) of underweight women, 48.2% (n = 150) of

normal weight,  24.4% (n = 76) of overweight women, 11.5% (n = 36), with I  degree of

obesity, 7.7% (n = 24) with II degree of obesity, and 4.5% (n = 14) with III degree of obesity.

The analysis of BMI frequency depending on the phenotype of PCOS showed no statistically

significant differences (p = 0.3) (Tab. 1). After combining the underweight and normal weight



groups vs.  overweight vs.  obesity depending on the phenotype of PCOS also showed no

statistically significant differences (p = 0.2).

Vitamin D concentration was assessed in all study subgroups. The majority of patients

had vitamin D deficiency, and this concerned 47.2% (n = 147). Insufficient level of vitamin D

occurred in 32.8% (n = 102) of PCOS women, 17% (n = 53) had normal level of vitamin D,

2.9% (n = 9) of patients had high level of vitamin D, and none had potentially toxic level of

vitamin D.

Variables included in the study, such as level of vitamin D, low density lipoprotein

(LDL), SHBG, total and free testosterone, androstenedione, Anti-Müllerian Hormone (AMH)

and  BMI  were  correlated.  Raw  BMI  values  were  correlated  with  all  variables  except

androstenedione. The strongest correlation was observed with the level of SHBG and it was a

negative correlation (R = –0.63). A negative correlation was also observed with the vitamin D

level  (R =  –0.25)  and AMH level  (R = –0.13).  Subsequently,  positive  correlations  were

shown with testosterone (R = 0.20), LDL (R = 0.37) and free testosterone level(R = 0.39).

An analysis of the correlation between BMI and vitamin D concentration was also

performed for all patients (Fig. 1) and for individual PCOS phenotypes. In the phenotype I of

PCOS, the correlation value was R = –0.38 and was statistically significant (Fig. 2). In the

remaining PCOS phenotypes the correlation values ranged from R = –0.23 to R = –0.25 and

were close to statistical significance (Fig. 3–Fig. 5).

DISCUSSION

The present work confirms that the most common disorder associated with vitamin D3

is its deficiency. This also applies to PCOS patients, where vitamin D deficiency is quite

common  and  what  is  consistent  with  other  research  results  [6].  Vitamin  D3  deficiency,

defined as  concentration below 20 ng/mL, occurred more often than insufficient  level  of

vitamin D3 (21–29 ng/mL), and both parameters together much more often than normal level

of vitamin D3, even though patients who were hospitalized in months with more sunlight

were also qualified for the study.

The  paper  has  shown a  significant  negative  correlation  between  BMI and  SHBG

serum level.  Many independent studies showed that serum SHBG levels are decreased in

women with PCOS, especially obese [11]. Also, a negative correlation occurred between BMI

and AMH level. Obesity negatively impacts reproductive health, including ovarian function



and thus alters the production of the AMH. Despite the fact that in the presented study this

correlation was negative, there are reports that do not show a relationship between the level

of AMH and only an obesity [12]. A positive correlation occurred between BMI and total and

free  testosterone  and  LDL.  Hyperandrogenism  is  the  key  feature  of  PCOS  and  play  a

significant  role  in  metabolic  dysfunction,  which  has  been  proven  in  many  studies.  The

increase in global adiposity may be due to high androgen levels [13]. The consequences of

obesity can be severe and include not only increased risks of metabolic disorders but also

cardiovascular diseases. In the presented study, there was a positive correlation between BMI

and LDL, but as other authors show, such a correlation also exists between fasting insulin and

homeostatic model assessment for insulin resistance (HOMA-IR) [14].

In the presented work, a negative correlation occurred between BMI and vitamin D3

level. An analysis of the correlation between BMI and vitamin D concentration in individual

PCOS phenotypes was also performed. In the I phenotype of PCOS the correlation value was

statistically significant,  in  the  remaining phenotypes  the  correlation  values  were  close  to

statistical significance. The problem of the relationship between BMI and vitamin D in PCOS

patients,  especially  when  considering  PCOS phenotypes,  in  the  literature  is  inconsistent.

Eftekhar et al. [15] in his work proves that there is no significant difference in the serum

vitamin D level of the different phenotypes of PCOS. The work of Nestler et al. [16] stands in

opposition to this. The author proves that obese women with PCOS had significantly lower

serum vitamin D levels at baseline than age- and BMI-matched controls, which is consistent

with  the  results  of  the  presented  work.  The divergence  in  these  results  could  be  due  to

variation in study design including differences in case definition, control group selection or

the small number of study participants,  type of serum vitamin D analyses, and analytical

methods [17,18].

CONCLUSIONS

Most PCOS patients have a deficiency or insufficient level of vitamin D.

Women with PCOS have shown a significant negative correlation between BMI and

SHBG serum level. Also, a negative correlation occurred between BMI and AMH level in the

study group of  women.  A positive  correlation  occurred  between BMI and total  and free

testosterone and LDL.

There is a negative correlation between BMI and vitamin D level in PCOS patients.

An analysis of the correlation between BMI and vitamin D concentration in individual PCOS



phenotypes  shows  that  in  the  I  phenotype  of  PCOS the  correlation  value  is  statistically

significant  and in  the  remaining phenotypes  the  correlation values  are  close  to  statistical

significance.

Authors contribution

AN, MW: concept, assumptions, study design; KB: statistical analasis, elaboration of results;

DG: analysis and interpretation of data, acquisition of data; JD: analysis of data; DP: final

evaluation and comments

Conflict of interest

The authors declare no conflict of interests

REFERENCES

1. Morgante  G,  Darino  I,  Spanò  A,  et  al.  PCOS  Physiopathology  and  Vitamin  D

Deficiency: Biological Insights and Perspectives for Treatment.  J Clin Med. 2022;

11(15), doi: 10.3390/jcm11154509, indexed in Pubmed: 35956124.

2. Joham AE, Norman RJ, Stener-Victorin E, et al. The association between Polycystic

Ovary Syndrome (PCOS) and metabolic syndrome: a statistical modelling approach.

Clin  Endocrinol  (Oxf).  2015;  83(6):  879–887,  doi: 10.1111/cen.12830,  indexed  in

Pubmed: 26052744.

3. Hoeger KM, Dokras A, Piltonen T. Update on PCOS: Consequences, Challenges, and

Guiding  Treatment.  J  Clin  Endocrinol  Metab.  2021;  106(3):  e1071–e1083,

doi: 10.1210/clinem/dgaa839, indexed in Pubmed: 33211867.

4. Papadakis  G,  Kandaraki  EA,  Garidou  A,  et  al.  Tailoring  treatment  for  PCOS

phenotypes.  Expert  Rev  Endocrinol  Metab.  2021;  16(1):  9–18,

doi: 10.1080/17446651.2021.1865152, indexed in Pubmed: 33382003.

5. Pluta D, Franik G, Blukacz Ł, et  al.  The correlation between the concentration of

hepcidin in serum and the occurrence of insulin resistance and hyperandrogenemia in

women with polycystic ovary syndrome. Eur Rev Med Pharmacol Sci. 2018; 22(21):

7379–7384, doi: 10.26355/eurrev_201811_16276, indexed in Pubmed: 30468484.

https://www.ncbi.nlm.nih.gov/pubmed/30468484
http://dx.doi.org/10.26355/eurrev_201811_16276
https://www.ncbi.nlm.nih.gov/pubmed/33382003
http://dx.doi.org/10.1080/17446651.2021.1865152
https://www.ncbi.nlm.nih.gov/pubmed/33211867
http://dx.doi.org/10.1210/clinem/dgaa839
https://www.ncbi.nlm.nih.gov/pubmed/26052744
http://dx.doi.org/10.1111/cen.12830
https://www.ncbi.nlm.nih.gov/pubmed/35956124
http://dx.doi.org/10.3390/jcm11154509


6. Várbíró S, Takács I, Tűű L, et al. Effects of Vitamin D on Fertility, Pregnancy and

Polycystic  Ovary  Syndrome-A  Review.  Nutrients.  2022;  14(8),

doi: 10.3390/nu14081649, indexed in Pubmed: 35458211.

7. Di Bari F, Catalano A, Bellone F, et al. Vitamin D, Bone Metabolism, and Fracture

Risk  in  Polycystic  Ovary  Syndrome.  Metabolites.  2021;  11(2),

doi: 10.3390/metabo11020116, indexed in Pubmed: 33670644.

8. Cosentino  N,  Campodonico  J,  Milazzo  V,  et  al.  Vitamin  D  and  Cardiovascular

Disease:  Current  Evidence  and  Future  Perspectives.  Nutrients.  2021;  13(10),

doi: 10.3390/nu13103603, indexed in Pubmed: 34684604.

9. Charoenngam N, Holick MF. Immunologic Effects of Vitamin D on Human Health

and  Disease.  Nutrients.  2020;  12(7),  doi: 10.3390/nu12072097,  indexed  in

Pubmed: 32679784.

10. Palaniswamy  S,  Gill  D,  De  Silva  NM,  et  al.  Could  vitamin  D  reduce  obesity-

associated inflammation? Observational and Mendelian randomization study. Am J

Clin  Nutr.  2020;  111(5):  1036–1047,  doi: 10.1093/ajcn/nqaa056,  indexed  in

Pubmed: 32232398.

11. Qu X, Donnelly R. Sex Hormone-Binding Globulin (SHBG) as an Early Biomarker

and Therapeutic Target in Polycystic Ovary Syndrome.  Int J Mol Sci. 2020; 21(21),

doi: 10.3390/ijms21218191, indexed in Pubmed: 33139661.

12. Oldfield AL, Kazemi M, Lujan ME. Impact of Obesity on Anti-Mullerian Hormone

(AMH)  Levels  in  Women  of  Reproductive  Age.  J  Clin  Med.  2021;  10(14),

doi: 10.3390/jcm10143192, indexed in Pubmed: 34300357.

13. Chudzicka-Strugała  I,  Kubiak  A,  Banaszewska  B,  et  al.  Effects  of  Synbiotic

Supplementation  and  Lifestyle  Modifications  on  Women  With  Polycystic  Ovary

Syndrome.  J  Clin  Endocrinol  Metab.  2021;  106(9):  2566–2573,

doi: 10.1210/clinem/dgab369, indexed in Pubmed: 34050763.

14. Jeelani H, Ganie MA, Masood A, et al. Assessment of PON1 activity and circulating

TF levels in relation to BMI, testosterone, HOMA-IR, HDL-C, LDL-C, CHO, SOD

activity and TAC in women with PCOS: An observational  study.  Diabetes  Metab

Syndr.  2019;  13(5):  2907–2915,  doi: 10.1016/j.dsx.2019.08.001,  indexed  in

Pubmed: 31425955.

https://www.ncbi.nlm.nih.gov/pubmed/31425955
http://dx.doi.org/10.1016/j.dsx.2019.08.001
https://www.ncbi.nlm.nih.gov/pubmed/34050763
http://dx.doi.org/10.1210/clinem/dgab369
https://www.ncbi.nlm.nih.gov/pubmed/34300357
http://dx.doi.org/10.3390/jcm10143192
https://www.ncbi.nlm.nih.gov/pubmed/33139661
http://dx.doi.org/10.3390/ijms21218191
https://www.ncbi.nlm.nih.gov/pubmed/32232398
http://dx.doi.org/10.1093/ajcn/nqaa056
https://www.ncbi.nlm.nih.gov/pubmed/32679784
http://dx.doi.org/10.3390/nu12072097
https://www.ncbi.nlm.nih.gov/pubmed/34684604
http://dx.doi.org/10.3390/nu13103603
https://www.ncbi.nlm.nih.gov/pubmed/33670644
http://dx.doi.org/10.3390/metabo11020116
https://www.ncbi.nlm.nih.gov/pubmed/35458211
http://dx.doi.org/10.3390/nu14081649


15. Eftekhar M, Mirhashemi ES, Molaei B, et al. Is there any association between vitamin

D  levels  and  polycystic  ovary  syndrome  (PCOS)  phenotypes?  Arch  Endocrinol

Metab.  2020;  64(1):  11–16,  doi: 10.20945/2359-3997000000177,  indexed  in

Pubmed: 31576965.

16. Nestler JE, Reilly ER, Cheang KI, et al. A pilot study: effects of decreasing serum

insulin with diazoxide on vitamin D levels in obese women with polycystic ovary

syndrome.  Trans  Am  Clin  Climatol  Assoc.  2012;  123:  209–19;  discussion  219,

indexed in Pubmed: 23303986.

17. Davis EM, Peck JD, Hansen KR, et al. Associations between vitamin D levels and

polycystic ovary syndrome phenotypes.  Minerva Endocrinol. 2019; 44(2): 176–184,

doi: 10.23736/S0391-1977.18.02824-9, indexed in Pubmed: 29652114.

18. Trummer C, Schwetz V, Kollmann M, et al. Effects of vitamin D supplementation on

metabolic and endocrine parameters in PCOS: a randomized-controlled trial.  Eur J

Nutr.  2019;  58(5):  2019–2028,  doi: 10.1007/s00394-018-1760-8,  indexed  in

Pubmed: 29946756.

Table 1. Frequency of BMI categories depending on PCOS type

Phenotyp
e of

PCOS

Underweigh
t

Normal
weight

Overweigh
t

Obesity I Obesity II Obesity III

I
7 69 42 22 11 10

63.64% 46.00% 55.26% 61.11% 45.83% 71.43%
4.35% 42.86% 26.09% 13.66% 6.83% 6.21%

II
0 21 11 3 5 3

0.00% 14.00% 14.47% 8.33% 20.83% 21.43%
0.00% 48.84% 25.58% 6.98% 11.63% 6.98%
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III
1 33 15 4 3 0

9.09% 22.00% 19.74% 11.11% 12.50% 0.00%
1.79% 58.93% 26.79% 7.14% 5.36% 0.00%

IV
3 27 8 7 5 1

27.27% 18.00% 10.53% 19.44% 20.83% 7.14%
5.88% 52.94% 15.69% 13.73% 9.80% 1.96%

BMI — body mass index; PCOS — polycystic ovary syndrome

Figure 1. Correlation between vitamin D concentration and BMI (body mass index)



Figure 2. Correlation between BMI level and vitamin D concentration in a group of women

with phenotype I of PCOS (polycystic ovary syndrome)



Figure 3. Correlation between BMI (body mass index) level and vitamin D concentration in a

group of women with phenotype II of PCOS (polycystic ovary syndrome)



Figure 4. Correlation between BMI (body mass index) level and vitamin D concentration in a

group of women with phenotype III of PCOS (polycystic ovary syndrome)



Figure 5. Correlation between BMI (body mass index) level and vitamin D concentration in a

group of women with phenotype IV of PCOS (polycystic ovary syndrome)


