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CONDENSATION 42 

In women scheduled for in vitro fertilization, a single oral dose of 600,000 IU of vitamin D3 does 43 

not improve the chances of clinical pregnancy. 44 

 45 

SHORT TITLE 46 

Vitamin D supplementation prior to IVF 47 

 48 

AJOG AT A GLANCE 49 

Why was the study conducted? 50 

Observational studies suggested that women with deficient or insufficient serum vitamin D 51 

undergoing in vitro fertilization (IVF) have lower chances of success, but whether vitamin 52 

supplementation improves clinical pregnancy rate is unclear. 53 

What are the key findings? 54 

In this randomized clinical trial that included 630 women with deficient or insufficient peripheral 55 

levels of vitamin D, a single oral dose of 600,000 IU of vitamin D3 prior to initiate IVF did not 56 

improve the chances of pregnancy.  57 

What does this study add to what is already known? 58 

In women scheduled for IVF, preliminary administration of a single high oral dose of vitamin D3 is 59 

not justified.  60 

 61 

KEY WORDS 62 

in vitro fertilization; IVF; vitamin D; cholecalciferol; infertility 63 
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ABSTRACT 65 

 66 

Background: Improving in vitro fertilization (IVF) success is an unmet need. Observational studies 67 

suggested that women with deficient or insufficient vitamin D have lower chances of success, but 68 

whether supplementation improves clinical pregnancy rate is unclear.  69 

Objective: To determine whether oral vitamin D3 supplementation may improve clinical pregnancy 70 

in women undergoing an IVF cycle  71 

Study design: The SUNDRO trial is a two-centers randomized superiority double-blind placebo 72 

controlled trial.  Subjects were recruited between October 2016 and January 2019. Participants were 73 

women aged 18-39 years with low vitamin D (peripheral 25-hydroxyvitamin D < 30 ng/ml), serum 74 

calcium ≥ 10.6 mg/dl, body-mass index (BMI) 18-25 Kg/m2, anti-mullerian hormone (AMH) levels 75 

> 0.5 ng/ml, starting their first, second, or third treatment cycle of conventional IVF or 76 

intracytoplasmic sperm injection (ICSI). The primary outcome was the cumulative clinical 77 

pregnancy rate per cycle. Pregnancies obtained with both fresh or frozen embryo transfers were 78 

included. Clinical pregnancy was defined as intrauterine gestational sac with viable fetus. The 79 

primary analysis was performed according to the intention to treat principle and could also include 80 

natural conceptions. Secondary outcomes included total dose of gonadotropins used, embryological 81 

variables (number of oocytes retrieved, number of suitable oocytes retrieved, fertilization rate and 82 

rate of top quality embryos) and clinical outcomes (miscarriage rate and live birth rate). 83 

Results: 630 women were randomized 2-12 weeks prior to initiate the IVF cycle to receive either a 84 

single dose of 600,000 IU of vitamin D3 (n=308) or placebo (n=322). One hundred thirteen (37%) 85 

and 130 (40%) women achieved a clinical pregnancy in the treatment and placebo groups, 86 

respectively (p=0.37). The risk ratio (RR) of clinical pregnancy in women receiving vitamin D3 was 87 

0.91 (95% confidence interval-CI: 0.75 – 1.11). Compared to placebo, vitamin D3 supplementation 88 

did not significantly improve the secondary outcomes. Exploratory subgroup analyses for BMI, age, 89 

indication to IVF, ovarian reserve, interval between drug administration and initiation of the cycle 90 
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and basal levels of 25-hydroxyvitamin D failed to highlight any clinical situation that could benefit 91 

from the supplementation.  92 

Conclusions: In normal weight women with preserved ovarian reserve and low vitamin D levels 93 

undergoing IVF cycles, a single oral dose of 600,000 IU of vitamin D3 does not improve the 94 

chances of clinical pregnancy. Although the findings do not support the use of vitamin D3 95 

supplementation to ameliorate IVF success, further studies are required to rule out milder but 96 

potentially still interesting benefits as well as exploring the effectiveness of alternative modalities of 97 

supplementation.  98 

99 
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Introduction 100 

Across the world, more than 8 million babies have been born after in vitro fertilization (IVF) 101 

procedures. However, despite the recent refinements in ovarian stimulation protocols and the 102 

introduction of new technologies in the laboratory, the live birth rate per initiated cycle remains 103 

between 19% and 22% and does not overcome 50% even in couples with optimal prognosis. 1 104 

Improving the effectiveness of IVF is an unmet need. 105 

Several observational studies have correlated low serum 25-hydroxyvitamin D (henceforth, 106 

‘vitamin D’) levels to a reduction of both natural fertility and in vitro fertilization (IVF) success. 2,3 107 

Such findings may be explained by the targeted action elicited by Vitamin D in reproductive 108 

physiology and mediated by the binding of the active form to its receptor identified in the ovary, 109 

uterus, endometrium and placenta. 2,4,5 The enzyme 1-hydroxylase, which converts the inactive 110 

into the active form 1,25-dihydroxyvitamin D, is as well expressed in the ovary and endometrium 111 

supporting a local paracrine role of the vitamin. Epidemiological evidence further fuelled this 112 

hypothesis of the hormone as a regulator of human reproductive function. Even if evidence is not 113 

univocal, low vitamin D has been associated with endometriosis, polycystic ovary syndrome, 114 

uterine fibroids and adverse obstetrics outcomes, including preeclampsia, gestational diabetes, low 115 

birth weight and preterm birth. 2,5-8 116 

A recent meta-analysis assessed the reproductive outcomes of 3711 women undergoing IVF cycles 117 

and found favourable outcomes correlated with vitamin D replete status. Women with sufficient 118 

vitamin D levels had significantly higher clinical pregnancy rate in autologous oocyte IVF cycles 119 

with an Odds Ratio (OR) of 1.47 (95%CI: 1.20-1.69).3 A second  more selective meta-analysis 120 

confirmed this finding, showing an OR of 1.47 (95%CI: 1.02-2.08) for women with peripheral 121 

levels ≥ 30 ng/ml.9 However, these authors failed to highlight any effect when focusing on the 122 

threshold of 20 ng/ml. Moreover, causality of these observations has only been tested in few 123 

underpowered interventional studies investigating the possible beneficial effects of vitamin D3 124 
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supplementation in improving the IVF success and results were inconsistent.10-14 In addition, it is 125 

worth pointing out that the cut-off points advocated for vitamin D insufficiency (20-29.9 ng/ml) or 126 

deficiency (< 20 ng/ml) are based on studies investigating bone health. None of the guidelines for 127 

vitamin D was actually validated for fertility outcomes.9 To note, in a recent large (n=2,569) cohort 128 

of women undergoing embryo transfer, Cai et al. failed to identify any cut-off point associated with 129 

lower chances of success.15   130 

Motivated by the evidence suggesting a possible effect of vitamin D on IVF success and by the 131 

appealing profile of vitamin D3 supplementation in terms of costs and safety, the primary 132 

hypothesis for this RCT was that oral supplementation with a high dose of vitamin D3 would have 133 

improved clinical pregnancy rates in women with low peripheral vitamin D undergoing IVF. We 134 

also assessed the effect on gonadotropins doses needed to induce the ovarian follicular growth and 135 

the embryological variables which were pre-specified secondary outcomes. 136 

 137 

MATERIALS AND METHODS 138 

Trial design 139 

This pragmatic two-center randomized superiority double-blind placebo controlled clinical trial 140 

evaluated the efficacy of a single dose of oral administration of vitamin D3 (cholecalciferol 600,000 141 

IU) in improving the chances of clinical pregnancy in women scheduled for IVF. The protocol of 142 

the study has been previously reported in details and is herein succinctly described.16 The study was 143 

approved by the Institutional Review Boards of the two participating centres. Patients provided a 144 

written informed consent to participate. The EudraCT registration number is 2015-004233-27. The 145 

trial was initially registered with Agenzia Italiana del Farmaco on March 8, 2016, and the date of 146 

initial participant enrollment was October 10, 2016. Trial registration in EudraCT was delayed due 147 

to administrative issues and occurred on November 17, 2017. 148 
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The data were collected by trial-site personnel and stored in an electronic data capture database. The 149 

statistician of the coordinating centre analyzed the data. All the authors vouched for the accuracy 150 

and completeness of the data and for the fidelity of the trial to the protocol. All of them contributed 151 

to the interpretation of the results and the preparation of the manuscript.  No pharmacological 152 

manufacturers contributed to the planning, design or conduct of the trial. Trial pills were 153 

manufactured by the hospital pharmacological service of the coordinating centre. None of the 154 

authors neither the participating Units received any financial support from manufacturers with 155 

economical interests in vitamin D products during the last five years.  156 

 157 

Participants 158 

Women scheduled for initiating IVF with or without intracytoplasmic sperm injection (ICSI) at the 159 

Infertility units of the Fondazione IRCCS Ca’ Granda Ospedale Maggiore Policlinico and IRCCS 160 

San Raffaele Scientific Institute between October 2016 and January 2019 were considered for study 161 

entry. Recruitment was consecutive but was interrupted during the summer period (June to 162 

September) to prevent a potentially relevant confounding effect of transient intense sun exposure 163 

during summertime. Only women scheduled for controlled ovarian stimulation aimed at embryo 164 

transfer were included while those who were scheduled for using frozen oocytes/embryos as well as 165 

those undergoing oocyte retrieval for fertility preservation were excluded. Additional inclusion 166 

criteria were as follows: age 18-39 years, body-mass index (BMI) 18-25 Kg/m2, no more than two 167 

previous completed IVF cycles (i.e. no more than two oocyte retrievals regardless of the number of 168 

embryo transfers), preserved ovarian reserve as documented by a level of serum anti-mullerian 169 

hormone (AMH) > 0.5 ng/ml and availability of ejaculated semen (couples requiring surgical 170 

retrieval of the spermatozoa were excluded). Women who were already taking vitamin D3 and those 171 

with contra-indications to vitamin D3 administration (hyper-calcemia or conditions leading to high 172 

peripheral calcium levels such as sarcoidosis, tubercolosis or parathyroid diseases) were excluded. 173 
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Women that, for any reason, could not initiate the cycle within the following 12 weeks were not 174 

included but were invited to refer again for inclusion at a later time when they were about to 175 

initiate. 176 

Eligible women who agreed to participate underwent a peripheral blood test to assess serum 177 

concentration of vitamin D and calcium. Women were excluded and not randomized if vitamin D 178 

levels exceeded 30 ng/ml or calcium was below 10.6 mg/dl. Eligibility for these two dosages was 179 

checked by an external researcher not involved in patients’ management. Researchers, caregivers 180 

and participants were unaware of the results of these dosages.   181 

 182 

Intervention and procedures 183 

Supplementation was given as a single administration of oral 600,000 IU of vitamin D3 in order to 184 

ensure maximal adherence. This modality is expected to properly maintain peripheral levels of 185 

vitamin D above 30 ng/ml for three months 17, i.e., a period of time that in most cases properly 186 

cover a complete IVF cycle (including both fresh and frozen cycles). In general, infertile women 187 

embarking in IVF are overburden by complex treatments and ensuring simplicity was considered a 188 

priority at the time of study design.   189 

Recruited subjects were planned to initiate IVF cycle within 2-12 weeks after administration of the 190 

drug. Eligible women were randomized 1:1 into two arms. The treatment group received a single 191 

oral administration of 600,000 IU of vitamin D3 diluted in olive oil. The control group received 192 

placebo (only the olive oil preparation). The two potions (vitamin D3 and placebo) were visually 193 

indistinguishable. Randomized patients were given the drug at the time of randomization by 194 

researchers in the hospital. They consumed the drug in front of the researcher. During the trial, 195 

research staff, caregivers (both physicians and embryologists) and participants were unaware of 196 

treatment allocation. Randomization was centralized to the pharmaceutical service of the hospital of 197 

the organizing Center. The allocation sequence was computer-generated and hidden to participants, 198 

caregivers and embryologists. The randomization list was stratified for the two participating centers.  199 
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To maximise the ability of the trial to observe a treatment effect, participants were invited to refrain 200 

from using supplements with vitamin D3 outside of the trial context. They were also invited to 201 

initiate the cycle within the scheduled period (2-12 weeks) and to promptly perform the subsequent 202 

transfers in case of cryopreservation of supernumerary embryos. 203 

An internal validation of the treatment was done on the day of oocyte retrieval by testing the 204 

peripheral levels of vitamin D. For women who had their ovarian stimulation cycle interrupted, this 205 

assessment was made on the day the cycle was stopped. 206 

Women underwent their IVF cycle according to the clinical standards of the participating centers. 207 

The policies used in these centers were recently described in detail elsewhere.18,19 They include the 208 

possibility of embryo transfer cancellation because of elevated risk of developing ovarian hyper-209 

stimulation syndrome (OHSS) or premature raise of serum progesterone (documented by the 210 

presence of peripheral progesterone above 1.5 ng/ml on the day of ovulation trigger) as well as the 211 

adoption of elective single embryo transfer in the vast majority of cases. Apart from the above-212 

mentioned assessment of peripheral vitamin D on the day of ovulation trigger or cycle interruption, 213 

no additional or particular interventions were introduced.  214 

 215 

Outcome measures 216 

The primary outcome was the cumulative clinical pregnancy rate per randomized woman. Clinical 217 

pregnancies obtained with the transfer of supernumerary frozen embryos were included in the 218 

outcome. The study was designed as a pragmatic intention-to-treat trial and, therefore, natural 219 

pregnancies recorded prior to oocytes retrieval were included in the primary outcome. Clinical 220 

pregnancy was defined as the presence of at least one intrauterine gestational sac with viable fetus. 221 

Clinical pregnancy rate rather than live birth rate was chosen as primary outcome because the single 222 

administration of a high dose of vitamin D3 allowed to significantly increase peripheral levels of 223 

vitamin D for about three months. This timeframe is generally sufficient to complete a full IVF 224 

cycle (including fresh and frozen transfers) but cannot efficiently cover the whole duration of 225 
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pregnancy. However, for women achieving pregnancy, the follow-up was prolonged up to the time 226 

of delivery or pregnancy termination and data on live birth rate are presented. More specifically, 227 

secondary outcomes included total dose of gonadotropins used, embryological variables (number of 228 

oocytes retrieved, number of suitable oocytes retrieved, fertilization rate and rate of top quality 229 

embryos) and clinical outcomes (time to pregnancy, miscarriage rate, termination of pregnancy, 230 

stillbirth, live birth, gestational age, birth weight and neonatal health). In addition, data are 231 

presented according to the recently implemented core outcomes set for infertility research.20,21 232 

Natural pregnancies occurring after the oocyte retrieval were not included. For women achieving 233 

clinical pregnancies, additional pregnancies that could be subsequently obtained with frozen 234 

transfers (transfers after a miscarriage or a live birth) were not included in the analysis. Recruitment 235 

was stopped once the scheduled sample size was reached. Follow-up was prolonged up to the end of 236 

August 2020. 237 

Given the well-known pharmacological and safety profile of vitamin D3 
17,22, we did not deem 238 

necessary a strict monitoring of the included women and only severe adverse events were recorded 239 

(death, life-threatening conditions, new or prolonged hospitalization, persistent or significant 240 

disability, congenital anomalies or birth defects). Only maternal events occurring within three 241 

months from randomization were considered because a single dose of 600,000 IU is expected to 242 

raise peripheral levels for no more than three months.17 However, for congenital anomalies or birth 243 

defects, all pregnancies obtained using the oocytes retrieved during the index cycle could be 244 

considered independently from the time passed from randomization because the origin of these 245 

defects may take place early in pregnancy. Conversely, we did not make efforts to identify cases of 246 

neonatal hypercalcemia 23 because, given the months interval from vitamin administration, 247 

relatedness of such events to pre-IVF supplementation would have been implausible.  248 

 249 

 250 

 251 
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Sample size calculation and statistical analyses  252 

The sample size was calculated based on the following assumptions: 1) Expected cumulative 253 

clinical pregnancy rate in women with insufficient vitamin D levels: 20%, 2) Improvement of the 254 

absolute rate of cumulative clinical pregnancy rate in supplemented women: 10% (success rate thus 255 

raising from 20% to 30%), 3) Type I and II errors set at 0.05 and 0.20, 4) expected proportion of 256 

women with insufficient vitamin D: 90%. These assumptions were made based on evidence 257 

emerged from previous contributions from our groups.24,25 Specifically, we observed a clinical 258 

pregnancy rate in women with peripheral values of vitamin D3 < 20 and ≥ 20 ng/ml of 20% and 259 

31%, respectively.24 Excluding the summer season, the rate of women with  non sufficient levels 260 

varied between 8 and 27%.25  On these bases, we predicted a 18-month period of recruitment and a 261 

total number of women to be recruited of 700. Taking into consideration the expected rate of 262 

excluded women of 10% because of serum vitamin D levels ≥ 30 ng/ml, this scheduled sample size 263 

could allow us to randomize at least 300 women per arm. 264 

Statistical analysis was made per intention to treat. No adjustment for the primary outcome was 265 

foreseen and the result is presented as crude Relative Risk (RR) and 95% Confidence Interval 266 

(95%CI). Data are reported as mean ± standard deviation (SD), median [interquartile range-IQR] 267 

and number (%) and were compared using Student t test, non parametric Mann-Whitney test, Chi 268 

squared test or Fisher Exact test, as appropriate. The Shapiro-Wilk test was preliminary performed 269 

to assess the consistency of the data with normal distribution. P values below 0.05 were considered 270 

statistically significant. Exploratory subgroup analyses were done for basal levels of vitamin D (<20 271 

ng/ml versus 20-29.9 ng/ml), race (Caucasian versus others), indication (unexplained infertility 272 

versus others), ovarian reserve, BMI, interval between drug administration and initiation of the 273 

cycle and age. For the last four variables, subjects were divided into two groups based on the 274 

median values of the whole cohort of randomized women. 275 

 276 

 277 



13 

 

RESULTS 278 

The flow-chart of the study is shown in Figure 1. Seven-hundred thirty-eight women were initially 279 

eligible; twenty subsequently declined to be recruited prior to randomization and 88 were excluded 280 

because peripheral levels of vitamin D and calcium did not fulfil our selection criteria. Six-hundred 281 

thirty women were randomized; 308 received cholecalciferol 600,000 IU and 322 were allocated to 282 

placebo. Baseline characteristics of the study groups are shown in Table 1. Median [IQR] serum 283 

levels of vitamin D at study entry were 20.0 [15.5 - 23.6] and 19.9 [14.6 - 23.9] ng/ml, (p=0.66) 284 

respectively for treated and control subjects. Twenty-three women in the treatment arm (7%) and 34 285 

in the control group (11%) did not perform oocyte retrieval (p=0.21). Reasons for drop-out are 286 

depicted in Figure 1 and did not significantly differ between the study groups.  287 

IVF outcomes for women who underwent oocyte retrieval (285 and 288 women) are shown in 288 

Table 2. No significant difference emerged. The dose of gonadotropins needed, the total number of 289 

developed follicles, the number of oocytes retrieved, the number of suitable oocytes, the 290 

fertilization rate, the total number of embryos and the total number of top quality embryos were 291 

similar in both treatment groups. Serum levels of vitamin D at the time of oocyte retrieval or cycle 292 

cancellation were 52.2 [41.1 – 64.8] and 19.8 [14.1 – 24.6] ng/ml in women who did and did not 293 

receive vitamin D3, respectively (p<0.001).  294 

IVF outcome in the subgroups of women performing fresh embryo transfer (169 + 159 women) is 295 

summarized in Table 3. None of the studied variables was found to significantly differ.  296 

The cumulative clinical pregnancy rate per oocyte retrieval, the primary outcome of the study, did 297 

not differ between the study groups. One hundred thirteen (37%) and 130 (40%) women achieved a 298 

clinical pregnancy in the treatment and placebo groups, respectively (p=0.37). The RR of clinical 299 

pregnancy in women receiving vitamin D3 was 0.91 (95%CI: 0.75 - 1.11). The core clinical 300 

outcomes are shown in Table 4. 301 
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Severe adverse events were observed in four cases. They were all amenable to the group of 302 

congenital anomalies and birth defects. They included two pregnancy terminations (one for Down 303 

syndrome in the Cholecalciferol arm and one for hydrocephalus in the placebo arm) and major 304 

congenital abnormalities at birth (one Down syndrome and one Prader Willi syndrome, both 305 

belonging to the placebo arm).  306 

Finally, we performed exploratory subgroup analyses for the primary outcome to investigate 307 

whether vitamin D3 supplementation could be of some benefit in specific situations. We focussed 308 

on BMI, age, indications to IVF, biomarkers of ovarian reserve, interval between drug 309 

administration and initiation of the cycle and basal levels of vitamin D (Figure 2). We failed to 310 

identify any subgroup that could benefit from the supplementation. 311 

 312 

COMMENT 313 

Principal findings 314 

In this RCT involving reproductive age women with deficient or insufficient levels of vitamin D 315 

undergoing IVF cycles, supplementation with a single oral dose of 600,000 IU of vitamin D3 316 

compared to placebo did not result in an increased chance of clinical pregnancy. Surrogate markers 317 

of IVF success such as ovarian responsiveness or embryo number and quality were not improved, as 318 

well. Subgroup analyses failed to identify any condition that might benefit from supplementation. 319 

Albeit secondary, the surrogate findings and the subgroups analyses tend to reinforce the general 320 

conclusion emerging from the trial, i.e., that oral vitamin D3 supplementation is ineffective.  321 

 322 

Results 323 

To our knowledge, five RCTs investigated the possible benefits of vitamin D3 supplementation 324 

prior to IVF. 10-14 Three of them showed some benefits but results were difficult to interpret because 325 

vitamin D3 was part of a multiple intervention. Vitamin D3 was administered together with vitamin 326 
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E in the first RCT 11, with folic acid, alpha-lactalbumin, myo-inositol and melatonin in the second 327 

one 14 and with omega-3 and olive oil in the third.13 Conversely, two studies investigated the 328 

exclusive effects of vitamin D3. Aflatoonian et al. investigated the effectiveness of 50,000 IU of 329 

vitamin D3  weekly for 6-8 weeks in a specific group of women scheduled for frozen embryo 330 

transfer but failed to show any effect.10 In a previous study by Abedi et al., the same scheme of 331 

treatment, i.e. vitamin D3 50,000 IU weekly for 6-8 weeks, was associated with a significantly 332 

higher clinical pregnancy rate in women undergoing a complete ICSI cycle.12 Regardless of the 333 

inconsistencies and the differences in study designs, it is noteworthy that all these five studies were 334 

underpowered for robust conclusions; the total number of included women varied between 85 and 335 

114. 336 

Our study was designed to detect a 10% absolute increase in the chance of success of the procedure. 337 

This target was chosen on the basis of previous epidemiological evidence of our group showing a 338 

11% absolute difference between women with peripheral vitamin D < 20 and ≥ 20 ng/mL.24 The 339 

present trial, however, cannot rule out milder but still interesting benefits from a clinical and 340 

economical point of view. Future studies and meta-analyses are warranted. In addition, it has to be 341 

underlined that the idea that vitamin D3 supplementation prior to IVF may be valuable regardless of 342 

the possible benefits on the success of the procedure because of its favorable effects on pregnancy 343 

and perinatal outcomes is also not supported. We failed to observe any difference in obstetrics 344 

outcome in our study. In line, recent systematic reviews of studies testing the potential effects of 345 

vitamin D supplementation in pregnancy failed to show a significant benefit.26,27 Overall, even if 346 

our study did not document any adverse effect of vitamin D3 supplementation thus confirming the 347 

excellent safety profile of this treatment, it did not provide encouraging evidence for recommending 348 

vitamin D assessment and vitamin D3 treatment prior to initiate IVF cycles.  349 

 350 

 351 
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Research implications 352 

Two main explanations can be postulated to explain the inconsistency between molecular, 353 

epidemiological and interventional findings. Firstly, vitamin D deficiency or insufficiency may be 354 

associated with other undetected confounders, thus not providing an essential role per se. Vitamin D 355 

status may be a surrogate marker of general state of health. For example, outdoor physical activity, 356 

adiposity, smoking, ethnicity, inflammation status, general nutritional conditions and other 357 

unknown factors may produce spurious protective associations.28-30 We would also like to call 358 

attention to the current definitions of vitamin D insufficiency and deficiency which are based on 359 

peripheral levels of vitamin D and are derived from endocrine studies on bone and calcium 360 

metabolism. No evidence, however, supports the idea that peripheral levels of vitamin D necessary 361 

for bone and calcium homeostasis overlap those needed to ensure optimal functioning also in the 362 

uterus and ovaries. As above mentioned, a large cohort study aimed at identifying a cut-off point for 363 

infertility problems failed to provide any meaningful information.9 To note, vitamin D appears to 364 

have a paracrine action in these districts, being locally transformed into the active form. We cannot 365 

exclude that vitamin D function may be adequately ensured in these districts even with extremely 366 

low levels of peripheral vitamin D. Unfortunately, we could not assess whether or not vitamin D3 367 

supplementation could be effective only in women with extremely low peripheral levels (< 10 368 

ng/ml) due to an insufficient number of these cases (we observed 13 clinical pregnancies out of 30 369 

among women allocated to vitamin D3 group and 9 out of 24 among controls, p=0.78). 370 

A second explanation for the lack of effectiveness of vitamin D3 in our trial may be related to the 371 

modality of supplementation.31 We opted for a single oral high dose of cholecalciferol (600,000 IU) 372 

as the simplest and most friendly modality of administration. This choice has guaranteed full 373 

adherence to the protocol of treatment (all randomized women received the drug) and had 374 

previously shown to result in sufficient peripheral levels of vitamin-D for up to 3 months, the 375 

duration of time needed to cover the oocyte retrieval and up to two embryo transfers. Notably, if the 376 
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benefit had been exerted on oocyte and embryo quality, the impact on the success of the procedure 377 

would have lasted beyond the timeframe of peripheral vitamin D sufficiency (frozen embryos 378 

would have benefited from supplementation even if transferred several months later). We cannot, 379 

however, exclude that opting for a daily (2,000 IU) or weekly (50,000 IU) administration or starting 380 

supplementation significantly earlier would have resulted in better outcomes. For example, 381 

initiating 6 months before the IVF cycle rather than 2-12 weeks would have allowed the whole 382 

process of folliculogenesis (lasting about 6 months) to take place in a vitamin D sufficient milieu. 383 

Our decision was taken on pragmatic bases, taking also into utmost consideration the significant 384 

burden of treatments that women embarking in IVF have to face. Demonstrating that a single 385 

600,000 IU dose of cholecalciferol few weeks prior to initiate IVF was effective would have 386 

facilitated prompt adoption of this modality into everyday clinical practice. Importantly, dose, 387 

modality and duration of assumption of cholecalciferol may not be the unique reasons for failure. In 388 

general, in several clinical and research settings, we may have excessively simplified our vision of 389 

vitamin D metabolism. The vitamin D production in subcutaneous tissues (which represents 90% of 390 

our reserve) is accompanied by the production of several other metabolites whose importance may 391 

have been neglected.32  392 

In this regard, it has also to be clarified that we measured peripheral levels of vitamin D in 393 

randomized women at the time of oocytes retrieval showing remarkably higher levels in women 394 

allocated to the active treatment compared to placebo (52.2 [41.1 – 64.8] versus 19.8 [14.1 – 24.6] 395 

ng/ml). However, measurement of total vitamin D after stimulation may be less reliable because, as 396 

a consequence of the high estrogen levels, the synthesis of vitamin D binding protein increases and 397 

the bound vitamin D  is not biologically active.33 A similar confounding effect was demonstrated in 398 

pregnancy.34 Measuring free vitamin D would have provided more robust evidence in support of 399 

our strategy of supplementation.    400 

 401 
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Strengths and limitations 402 

Strengths include the pragmatic approach, the large sample size, the completeness of data and the 403 

availability of information for all core outcomes recently advocated for studies in infertility. An 404 

additional interesting strength of the study is the scant diffusion among the studied population of 405 

over the counter vitamin D3 supplementation , which is conversely very common in the United 406 

States where the recent RCTs on the preventive effects of vitamin D for type 2 diabetes, 407 

cardiovascular diseases and cancer were run.29,35 In contrast to United States, peripheral assessment 408 

of vitamin D and subsequent tailored supplementation is infrequently done in Italy, allowing us to 409 

study a practically naive population. Accordingly, basal average levels of vitamin D in our 410 

population were 19-20 ng/ml, thus markedly lower than the averages of 28-31 ng/ml observed in the 411 

two RCTs carried out in the United States. 29,35 412 

Limitations include the selection criteria that excluded women who were older, overweight or with 413 

a compromised ovarian reserve. One may postulate that vitamin D3 could be particularly efficacious 414 

in these groups of subjects. Exclusion of older women and those with AMH levels < 0.5 ng/ml was 415 

decided in order to enhance the power of the study while exclusion of obese women was decided to 416 

overcome the complex and still unclear confounder role of adiposity on vitamin D bioavailability.28 417 

Inferences on our findings should take into consideration this limitation. On the other hand, albeit 418 

exploratory and of limited value, the subgroup analyses performed based on age (younger and older 419 

than 35 years), BMI (higher and lower than 20.9 Kg/m2) and AMH levels (higher and lower than 420 

2.2 ng/ml) do not provide support to this concern. A second limitation is the choice of the primary 421 

outcome. We opted for clinical pregnancy rate rather than live birth rate. The choice of this outcome 422 

was based on the selected modality of supplementation ensuring optimal levels of vitamin-D for 423 

three months, and not for the entire duration of pregnancy. Data on live birth is however available 424 

and reported in the study. Thirdly, there is an important discrepancy between the basal assumption 425 

of 20% success rate in the non-supplemental arm used to calculate the sample size and the results 426 
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observed in the trial (40%, in the non-supplemented group). The progressive technological 427 

improvements of the procedure in the participating centers since the time of the study design (2012) 428 

may have caused a meaningful change in success rate. Nonetheless, the upper limit of the 95%CI of 429 

the RR for clinical pregnancy (1.11) allows us to rule out an absolute benefit of more than 4.4% 430 

(0.40 x 0.11). Fourthly, we limited our safety evaluation to the record of severe adverse events. We 431 

observed two severe adverse events in the cholecalciferol arm (one Down syndrome and one 432 

stillbirth) and three in the control arm (one hydrocephalus, one Down syndrome and one with 433 

Prader willi syndrome). Relatedness of the two adverse events in the active arm was deemed 434 

unlikely. Even if the studied mode of vitamin D administration (600,000 IU in a single dose) is 435 

well-established and considered safe, the significance or our study would have been improved by 436 

the performance of more accurate safety evaluations such as serial measurements of calcium, 437 

phosphate, parathyroid hormone, and estimated Glomerular Filtration Rate.  438 

 439 

Conclusions 440 

In conclusion, we failed to document a benefit of cholecalciferol supplementation with a single oral 441 

administration of 600,000 IU of vitamin D on IVF-mediated clinical pregnancy rate. Further studies 442 

are required to rule out milder but potentially still interesting benefits as well as to explore the 443 

effectiveness of alternative modalities of supplementation. 444 

445 
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Figure legends 539 

 540 

Figure 1: Flow-chart of the study. 541 

Figure 2:  Exploratory subgroup analyses. The reported relative risks refer to the chances of 542 

achieving clinical pregnancy in women randomized to cholecalciferol in every subgroup of women. 543 

The number of subjects was lower for the analysis on the interval between drug administration and 544 

IVF because those who did not initiate the cycle were excluded. 545 


