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BACKGROUND AND OBJECTIVE: Inconsistent evidence showed that folate supplementation may be associated with reduced risk
of cancer due to improved metabolic profiles and reduced markers of oxidative stress and inflammation. The aim of this
investigation was to quantify the effects of folate supplementation on the recurrence and other metabolic factors of women with
cervical intraepithelial neoplasia grade 2/3 (CIN2/3).

METHODS: This randomized, double-blind, placebo-controlled clinical trial was performed among 60 overweight/obese women with
CIN2/3. Definitive CIN2/3 confirmation was done via biopsy, pathological diagnosis, as well as colposcopy. Participants were randomly
assigned to the intervention group to take 5 mg/day folate supplements or placebo group (n =30 in each group) for 12 weeks.
RESULTS: The results of the current study showed a non-significant decrease in recurrence of CIN2/3 in the folate group in comparison
with the placebo group (3.3% vs. 16.7%, P = 0.08). Compared with the placebo, folate supplementation significantly decreased plasma
homocysteine (Hcy) levels (P < 0.001), serum insulin values (in the crude model) (P =0.01), and homeostasis model assessment of insulin
resistance (P = 0.01). Also, folate supplementation resulted in a significant improvement in the quantitative insulin sensitivity check index

(P=0.002) and total antioxidant capacity (P=0.04) and a significant reduction in high-sensitivity C-reactive protein (P=0.015) in

comparison with the placebo group.

CONCLUSIONS: In conclusion, folate supplementation for 12 weeks among overweight/obese women with CIN2/3 showed a non-
significant decrease in its recurrence and had beneficial effects on insulin sensitivity, inflammation, and oxidative stress markers.
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INTRODUCTION

Cervical intraepithelial neoplasia (CIN) is a potential precancerous
change and unusual growth of squamous epithelial cells on the
ectocervix [1]. CIN2 or CIN3 (high-grade CIN) has the potential to
progress to an invasive form of cancer [2]. In 2012, the worldwide
prevalence of cervical cancer women and deaths were 528,000
and 266,000, respectively [3]. Various factors including genetics,
immune response, and human papillomavirus (HPV)-16 variants
are associated with the increased risk of HPV-induced squamous
intraepithelial neoplasia conversion to cancerous lesions [4]. In
addition, lipid peroxidation, impaired antioxidant system, and
elevated inflammatory biomarkers are involved in the pathogen-
esis of cervical dysplasia [5, 6]. Also, it is shown that obesity has a
positive significant association (OR: 1.353, 95%Cl: 1.013-1.812;
P value = 0.04) with abnormalities in the cervical epithelial cell [7].

The result of a meta-analysis on observational studies has
confirmed the positive association between obesity and cervical
cancer (OR = 1.40, 95% CI: 1.08, 1.71) [8].

Limited and inconsistent data are available about the beneficial
effects of folate administration on CIN recurrence and other
metabolic profiles among the involved patients. A previous study
has shown that 6-month folate supplementation (5 mg/day) could
regress CIN1 and improve homocysteine (Hcy) levels, insulin
metabolism, and few markers of inflammation and oxidative stress
[9]. In addition, previous studies have reported that folate
deficiency and aberrant expression of DNA methyltransferase 1
are associated with an additive effect on cervical cancerization
[4, 10]. Folate status and aberrant DNA methylation are also
correlated with the natural history of HPV infection [11].
Furthermore, Piyathilake et al. [12] demonstrated that higher

"Food Security Research Center, Isfahan University of Medical Sciences, Isfahan, Iran. 2Department of Community Nutrition, School of Nutrition and Food Science, Isfahan
University of Medical Sciences, Isfahan, Iran. *Department of Gynecology and Obstetrics, School of Medicine, Kashan University of Medical Sciences, Kashan, IR, Iran.

Hemail: mojnour42@yahoo.com

Received: 18 February 2020 Revised: 17 May 2021 Accepted: 28 September 2021

Published online: 5 April 2022

SPRINGER NATURE


http://crossmark.crossref.org/dialog/?doi=10.1038/s41430-021-01022-0&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41430-021-01022-0&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41430-021-01022-0&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41430-021-01022-0&domain=pdf
http://orcid.org/0000-0001-9309-9078
http://orcid.org/0000-0001-9309-9078
http://orcid.org/0000-0001-9309-9078
http://orcid.org/0000-0001-9309-9078
http://orcid.org/0000-0001-9309-9078
http://orcid.org/0000-0003-3443-9559
http://orcid.org/0000-0003-3443-9559
http://orcid.org/0000-0003-3443-9559
http://orcid.org/0000-0003-3443-9559
http://orcid.org/0000-0003-3443-9559
http://orcid.org/0000-0003-2181-6474
http://orcid.org/0000-0003-2181-6474
http://orcid.org/0000-0003-2181-6474
http://orcid.org/0000-0003-2181-6474
http://orcid.org/0000-0003-2181-6474
https://doi.org/10.1038/s41430-021-01022-0
mailto:mojnour42@yahoo.com
www.nature.com/ejcn

circulating folate level was negatively related to high-risk HPV
positivity. Following 2.5 mg/day of folate supplementation in
overweight subjects for 12 weeks, insulin sensitivity had
significant improvement [13]. Also, 5 mg/day folate administration
as a B-complex supplement for 14 days in subjects with acute
ischemic stroke led to a significant reduction in C-reactive protein
(CRP) concentrations [14]. However, folate intake for 12 weeks
among participants with atherosclerosis risk factors did not
influence inflammatory and lipid parameters [15].

This evidence suggests the importance of folate supplementa-
tion due to its anti-inflammatory and antioxidative effects. Based
on the author’s knowledge, there is no study assessing the effects
of folate supplementation on recurrence, lipid profiles, glycemic
indices, inflammation, and oxidative stress markers among
involved women with CIN2/3. Therefore, the objective of our
study was to evaluate the effects of folate intake on the recurrence
and metabolic factors of women with CIN2/3.

MATERIALS AND METHODS

Participants

This investigation was a randomized, double-blind, placebo-controlled
parallel clinical trial (registry number in the Iranian registry of clinical trials
(http://www.irct.ir: IRCT2017021417639N2); ethical committee number of
Isfahan University of Medical Sciences: IR.MUI.REC.1395.3.733), performed
in January-October 2017 at an oncology clinic under the supervision of
Kashan University of Medical Sciences, Kashan, Iran. Inclusion criteria were
folate-deficient women (folate serum levels < 1.8 ng/ml), aged 25-55 years,
not pregnant, BMI > 25 kg/m?, no history of smoking, no history of cervical
cancer or other cancer of the lower genital tract, with definitive CIN2/3
diagnosed through pathological assessment, colposcopy, and biopsy.
According to the available equation for parallel studies, an adequate
sample size to determine a significant regression rate percentage (31%) [9]
in CIN1 patients (a = 0.05 and 3 = 20%) was 25 subjects in each group. To
consider the potential drop out during the study, 30 participants were
recruited for each arm of the study. Exclusion criteria were as follow:
starting a destructive therapy of the cervix, diagnosis of chronic diseases
like diabetes or immune system disorders such as lupus, any change in the
prescribed medication regimen, hysterectomy, pregnancy, and not willing
to complete the study.

Study design

Before the start of the study, all women signed written informed consent.
Based on inclusion criteria, overweight/obese participants with folate
deficiency and CIN2/3 (following loop electrical excision procedure (LEEP)
treatment) were enrolled in this study. Researchers matched participants
between two groups using age (<35 vs. =35y) and body mass index (BMI)
(<30 vs. =30 kg/mz) before the start of the study. Participants were
randomly assigned to either 5 mg/day folate supplementation (n = 30) or
placebo group (n = 30) for 12 weeks by a person who was not a member
of the study staff. Randomization was done using a computer-generated
random number table. A pharmaceutical company representative coded
supplement and placebo to A and B and allocated treatments to two
groups using the sealed envelopes. Randomization and allocation were
blinded from the investigators and patients until the main analyses were
completed. Folate supplement and its placebo were made by Iran Daru Co.
(Tehran, Iran) and Barij Essence Co. (Kashan, Iran), respectively. The physical
features of the placebo (shape, color, size, and packaging) were completely
similar to supplements. The ingredient of each folate supplement was folic
acid, microcrystalline cellulose, calcium carbonate, cellulose gel, povidone,
citric acid, lactose monohydrate, and magnesium stearate. Placebo
contained starch. Measurement of plasma Hcy levels and checking the
empty container of medication were used to evaluate the compliance with
the folate intake. Participants were asked not to change their usual diet
and physical activity during the study. Twenty-four hours dietary recalls
were collected at the beginning, middle, and end of the study from all
participants. Dietary intakes were analyzed using a modified version of
Nutritionist IV software (First Databank, San Bruno, CA) for Iranian food.

Assessment of outcomes
Neoplasia recurrence and metabolic profiles were considered as the
primary and secondary endpoint, respectively.
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Assessment of primary endpoint

An expert pathologist determined the grade CIN2/3 and its recurrence by
pathological diagnosis, colposcopy, and cervical biopsy, at the baseline
and end of the intervention.

Secondary outcomes

Secondary outcomes were measured at the baseline and end of the trial.
These variables were as follow: anthropometric measurements (height,
weight, BMI), glycemic indices (fasting plasma glucose (FPG), insulin levels,
homeostatic model of assessment for insulin resistance (HOMA-IR), and the
quantitative insulin sensitivity check index (QUICKI), lipid profiles
(triglycerides, very-low-density lipoprotein cholesterol (VLDL-cholesterol),
total cholesterol, low-density lipoprotein cholesterol (LDL-cholesterol) and
high-density lipoprotein cholesterol (HDL-cholesterol)), inflammatory
(high-sensitivity C-reactive protein (hs-CRP)) and oxidative stress markers
(nitrite/nitrate (NO), total antioxidant capacity (TAC), total glutathione
(GSH) and malondialdehyde (MDA)).

Anthropometric measurements

Weight was measured using a Seca scale without shoes and light clothing
nearest to 0.1 kg. Height was measured barefoot using a wall-mounted
tape nearest to 0.5 centimeters. BMI was obtained by dividing weight (kg)
by height squared (m).

Biochemical assessment

Ten milliliters fasting blood samples were taken at baseline and end-of-trial
at Kashan reference laboratory, Kashan, Iran. Plasma Hcy was assessed
using an enzyme immunoassay method by Hcy kit (Axis-Shield Diagnostics,
UK) with inter- and intra-assay coefficient variances (CVs) of lower than 7%.
Commercial kits were used to determine FPG and lipid profiles (Pars
Azmun, Tehran, Iran) with inter- and intra-assay CVs lower than 5%. Serum
insulin and hs-CRP values were evaluated by ELISA kit (DiaMetra, Milano,
Italy and LDN, Nordhorn, Germany) with inter- and intra-assay CVs lower
than 5 and 7%, respectively. HOMA-IR and QUICKI were calculated based
on suggested formulas [16]. Plasma NO using the Giess method modified
by Tatsch et al. [17], TAC by Benzie and Strain method [18], GSH using the
method of Beutler et al. [19], and MDA levels by the thiobarbituric acid
reactive substance spectrophotometric test [20] were determined with
inter- and intra-assay CVs lower than 4%.

Statistical analysis

The distribution of variables was assessed by the Skewness statistics and
Kolmogorov-Smirnov test. Logarithmic transformation was run for variables
with the abnormal distribution. Leven'’s test of equality of error variances was
done for all analyses. An independent sample t-test was applied to compare
the general characteristics and mean dietary intakes of participants between
the two groups. The categorical variable comparison was done using the
Pearson Chi-square test. One-way repeated-measures analysis of variance was
run to determine the effects of folate supplementation on metabolic profiles.
To consider baseline values of variables as a potential confounder, univariate
analysis of covariance (ANCOVA) was run. All variables were reported as mean
+ standard deviation (SD). A two-tailed P<0.05 was set as a statistically
significant level. All statistical analyses were done using the SPSS 20 (Statistical
Package for Social Science version; SPSS Inc., Chicago, lllinois, USA).

RESULTS

All of the variables (except nitric oxide and malondialdehyde) had
a normal distribution. Finally, sixty overweight/obese women
completed this trial [folate (n = 30) and placebo (n = 30)] (Fig. 1).
On average, more than 90% of tablets were taken and no
significant side effects were reported following supplementation
during the study.

There were no significant differences in the mean of anthro-
pometric measurements at the beginning and end-of-study
between the two groups (Table 1). Following the 12-week
intervention, a non-significant decrease in recurrence of CIN2/3
was observed in the folate group compared to the placebo group
(3.3% vs. 16.7%, P =0.08).

Regarding the daily dietary intakes of participants, no significant
changes were observed between the two groups (Table 2).
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Fig. 1 Summary of the patients flow diagram.

Table 1. General characteristics of study participants at the baseline
and end-of-trial.

Control group Intervention group P°

(n=30) (n=30)

Baseline

Age (y) 38.5+6.1 41.0+3.7 0.06
Height (cm) 161.4+54 160.3£4.8 0.42
Weight (kg) 706+11.0 68.8+9.4 0.50
BMI (kg/m?) 272+46 26.8+3.3 0.67
Endpoint

Weight (kg) 70.8+10.5 69.1+9.4 0.50
Weight change (kg) 0.2+1.6 03+038 0.92
BMI (kg/m?) 273+44 26.9+3.3 0.68
BMI change (kg/m?)  0.1+0.6 0.1+03 0.89
CIN2/3 recurrence 5 (16.7) 1(3.3) 0.08°

(N, %)
Data are means * SDs.

®Obtained from independent t-test.
PObtained from Pearson Chi-square test.

Baseline and end values of other biochemical markers are
presented in Table 3. Compared with the placebo, folate
supplementation significantly decreased Hcy levels of plasma.
Also, folate supplementation significantly decreased serum insulin
values (just in the crude model), and HOMA-IR, and increased
QUICKI compared to the placebo. In addition, a significant
elevation in TAC was observed following folate supplementation
compared with the placebo. A significant decrease was observed
in hs-CRP levels following 12-week of intervention in comparison
with the placebo. Other metabolic profiles did not change after
folate supplementation compared with the placebo.

DISCUSSION

In the present study, although folate supplementation had
beneficial effects on some biochemical markers (insulin metabo-
lism and TAC levels), CIN2/3 recurrence did not change
significantly in overweight/obese folate-deficient women. To our
knowledge, the effects of folate supplementation on recurrence
and metabolic status in patients with CIN2/3 have not been
assessed previously.

SPRINGER NATURE

Table 2. Analysis of daily dietary macro- and micro-nutrient intakes
throughout the intervention.

Control group Intervention group  P*

(n=30) (n=30)
Energy (kcal) 2203 +214 2253 +173 0.32
Carbohydrate (g) 241.2+40.8 2543 +27.1 0.14
Protein (g) 884+11.4 904 +15.2 0.56
Fat (g) 1034+ 186 101.8+19.5 0.70
Saturated fat (g) 27.2+84 30.8+84 0.09
Mono fat (g) 33.2%6.1 32.86+8.1 0.82
Poly fat (g) 30.9+8.8 273+54 0.06
Cholesterol (mg) 286.8+ 198 345.3+186.8 0.24
Dietary fiber (g) 20.15+2.5 19+23 0.07
B2 (mg) 2.03+0.58 2.07 £0.52 0.078
B6 (mg) 1.6+0.34 1.80+£0.31 0.06
B9 (mcg) 367.5+81.3 341.9+96.6 0.27
B12 (mcg) 8.50+10.4 8.10+£10.4 0.88

Data are means + SD.
P < 0.05 was considered as statistically significant.
?Obtained from independent t-test.

It is shown that women with CIN2/3 are more prone (in a
positive linear trend) to develop cervical cancer [21]. Although we
could not document the significant effect of folate supplementa-
tion on CIN2/3 recurrence, a non-significant decreasing effect of
folate administration on disease recurrence is still of obvious
importance. It has previously demonstrated that taking folate at a
dosage of 5 mg/day for 6 months in women with CINT resulted in
its regression [9]. In another study, reduced levels of folate led to
increased methylation of microRNA (miR)-203 and miR-375, which
in turn participate in significant events during cervical carcinogen-
esis [22]. It seems that there is a linkage between lower folate levels
of serum and increased risk of CIN [23], cervical cancer [10], cell
proliferation, and reduced apoptosis in cervical cancer cells [24].

In the present study, folate supplementation significantly
decreased serum insulin levels (in the crude model), and HOMA-
IR, and significantly increased QUICKI over 12 weeks of interven-
tion in women with CIN2/3 compared to the placebo. However,
other biochemical factors including FPG and lipid profiles had no
significant changes following folate supplementation. Few studies
have shown a positive association between either glycemic load
or glycemic index and the risk of endometrial cancer [25, 26]. In a
study by Villa et al. [27], it was seen that 7.5 mg/day of folate
supplementation for 8 weeks to normo-insulinemic women
significantly increased insulin sensitivity, HDL-cholesterol, and
improved atherosclerotic indexes including total-/HDL- and LDL-/
HDL-cholesterol ratios. Results of a meta-analysis study demon-
strated that folate supplementation to people with type 2
diabetes decreased Hcy levels and had an association with better
glycemic control in comparison with the placebo [28]. However,
5mg/day of folate administration had no significant impact on
lipid profiles for 4 weeks in cigarette smokers [29]. Insulin
resistance due to the elevated levels of sex hormones was proved
to play a key role in the diabetes—cancer relationship [30]. Folate
supplements may improve insulin metabolism through increased
5’ adenosine monophosphate-activated protein kinase (AMPK)
activation [31] and inhibiting insulin-stimulated tyrosine phos-
phorylation [32].

This study proved that folate supplementation for 12 weeks in
women with CIN2/3 significantly increased plasma TAC levels and
decreased hs-CRP concentrations. However, folate intake did not
influence other oxidative stress markers such as MDA, GSH, and
NO compared to the placebo. It has previously proved that taking
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Table 3.

intraepithelial neoplasia grade 2/3 that received either folate supplements or placebo.

Control group (n =30)

Baseline Endpoint Mean changes
Hcy (pmol/L) 11.0+£3.0 11.1+£29 0.1+£0.6
FPG (mg/dL) 85.5+6.1 85.0+7.6 —05+6.2
Insulin (plU/mL) 11.8+4.6 11.3+4.0 —0.5+29
HOMA-IR 25+1.0 24+09 —0.1+£0.7
QUICKI 0.33+0.01 0.33+0.02 0.002 £ 0.01
Triglycerides 1245+423 127.7 £45.6 3.2+19.7
(mg/dL)
VLDL-cholesterol 249+85 24.5+9.1 06+3.9
(mg/dL)
Total cholesterol 179.5+33.8 180.5 £ 34.2 1.0+ 16.1
(mg/dL)
LDL-cholesterol 1029325 104.6 + 34.1 1.7+£13.7
(mg/dL)
HDL-cholesterol 51.8+8.6 50.4+6.9 —1.3+46
(mg/dL)
hs-CRP (ng/mL) 2508.1 £1326.7 2956.6+1819.6 448.5+1312.6
NO (pmol/L) 448+53 40.8 £ 4.1 —0.9+43
TAC (mmol/L) 827.0+165.8 800.5+128.9 —26.5+127.7
GSH (umol/L) 704.2+£136.9 726.4+78.4 222+1371
MDA (umol/L) 34+09 34+1.1 0.03+04

Intervention group (n =30)

Metabolic profiles, biomarkers of inflammation and oxidative stress at baseline and after the 12-week intervention in women with cervical

Baseline Endpoint Mean changes P? P°
11.7+28 8.1+26 —35+29 <0.001 <0.001
85.0+10.1 829+11.0 —2.1+53 028 0273
13.7+34 10.8 +4.6 —29+44 0.01 0.068

29+0.8 22+1.0 —0.6+09 0.01 0.045
0.32+0.01 0.33+0.01 0.01+0.01 0.002 0015
1289+54.3 124.5+65.0 —44+497 0.43 0.473
25.8+10.8 24.9+13.0 —0.9+99 0.43 0.473
178.9+47.2 173.6 +52.0 —53+545 054  0.548
103.4+35.3 100.5 + 29.9 —2.8+29.2 044 0417
56.4+6.9 56.0+7.3 —04+39 038  0.056

2012.6+17263 18545+12059 —1581+13246 008 0015
441+16.7 44.4+17.7 03+55 068" 0684

869.8 + 141.9 981.9 + 190.9 112.1 +£165.8 0.001 <0.001
764.1 £232.9 763.2 +236.1 —0.9+192.9 059  0.907
40+15 40+23 —0.01+24 035" 0.566

Values are means + SD.

FPG fasting plasma glucose, GSH total glutathione, Hcy homocysteine, HOMA-IR homeostasis model of assessment-estimated insulin resistance, hs-CRP high-
sensitivity C-reactive protein, MDA malondialdehyde, NO nitric oxide, QUICKI quantitative insulin sensitivity check index, TAC total antioxidant capacity.
?Obtained from repeated-measures ANOVA test. *Logarithmic transformation was run.

PObtained from ANCOVA test. *Logarithmic transformation was run.
P <0.05 was considered as statistically significant.

folate supplements (5 mg/day) for 12 weeks in polycystic ovary
syndrome patients declined serum levels of hs-CRP and MDA, and
increased plasma levels of TAC and GSH [33]. In addition,
combined folate, vitamin B12, and omega-3 supplementation
decreased Hcy, MDA, placental tumor necrosis factor-a concentra-
tion, and liver MDA in an animal model [34]. Antioxidants
administration with B-group vitamins for 90 days in obese diabetic
people increased antioxidant capacity and had an anti-
inflammatory effect [35]. There is clear evidence that increased
inflammatory markers and oxidative stress have an important role
in the development of cardiovascular disease (CVD) [36]. More-
over, a large body of evidence confirms the increased levels of
inflammation and oxidative stress among subjects with CIN and
cervical cancer [37, 38]. Folate through its Hcy-lowering effects
and antioxidant properties can reduce oxidative damage and as a
consequence CVD risk [39, 40]. Less production of parathyroid
hormone [40] and decreased activity of nuclear factor kappa B
(NF-xB) [41] following folate supplementation may result in
decreased inflammation and oxidative stress.

The strengths of the current study are as follow: (1)
randomized, double-blind, placebo-controlled nature of this
study was the best design to answer interesting questions
including CIN2/3 recurrence; (2) a non-significant decreased
recurrence in the folate group was found in this study.
However, this finding needs to be confirmed in larger clinical
trials. Our findings had some limitations too. Due to budget
limitations, we could not assess the effects of folate supple-
mentation on HPV, plasma folate levels, and signaling pathways
related to inflammation and oxidative stress in women with
CIN2/3. Our calculated sample size which was based on the
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effect of folate supplementation on the CIN 1 regression was
not large enough to detect the potential effect of folate
administration on CIN2/3 regression. This study was performed
among folate-deficient, overweight/obese women with defini-
tive CIN2/3 diagnosis. Therefore, the final results of folate
intervention on cancer regression, metabolic, inflammatory,
and oxidative stress markers can only be generalized to a
similar population to the current study.

In conclusion, folate supplementation in overweight/obese
folate-deficient women with CIN2/3 for 12 weeks demonstrated
a non-significant decrease in its recurrence and improved insulin
metabolism and TAC levels. More clinical trials should be
performed to affirm the findings of the current study.
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