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Abstract

Background and Objectives: Studies in hypertension (HTN), migraine (MIG) and HTN associated
MIG (HMIG) in women present a link between vascular disorders and migraine. However, there are
controversial findings yet for the important factors involved in overweight (OW) women with HTN
and HMIG in postmenopause (PMP). Therefore, we planned to investigate the interactive role of
body mass index (BMI) based serum levels of interleukin-6 (IL-6) and vitamin D (VitD) in PMP
women with HTN, and low frequency episodic MIG and HMIG with aura. Materials and Methods:
The subject groups of normal weight normotensives (NW-NTN), OW-NTN, NW-HTN, OW-HTN,
NW-MIG, OW-MIG, NW-HMIG and OW-HMIG in PMP women (n:1008) were studied for
investigating the BMI based variations and associations of IL-6 and VitD. Age range in each PMP
women group (n:126) was 51-60 years. BMI range respectively in NW and OW participants was >
18.5 - <249 and = 25 - £29.9 kg/m?. Results: Among groups variations indicated highly significant
change in serum IL-6 and VitD. The post hoc Tukey Kramer test for HTN groups indicated significant
increased VitD in OW-HTN compared to OW-NTN and NW-HTN, and significantly increased IL-6
in OW-HTN compared to OW-NTN and NW-HTN as well as OW-NTN compared to NW-NTN.
Significant increased IL-6 was obtained in OW-MIG compared to NW-MIG and OW-HTN, NW-
HMIG compared to NW-NTN, and OW-HMIG compared to OW-MIG, NW-HMIG and OW-NTN.
The multiple linear regression indicated collective significant effect among BMI, IL-6, and VitD in
OW-HTN, NW-MIG, OW-MIG, NW-HMIG and OW-HMIG. BMI and IL-6 presented significant
inverse association with VitD in these groups. The remaining groups presented non-significant effect.
Conclusion: Current study shows significant role of serum IL-6 and VitD in HTN and low-frequency
episodic MIG and HMIG especially with OW status in PMP women. BMI based significant variation
and negative association of IL-6 with vitamin D in HTN, and low-frequency episodic MIG and HMIG
with aura in the present report provides evidence of the pathophysiological impact of IL-6 and
vitamin D in HTN, and episodic MIG and HMIG.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202601.1619.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 22 January 2026 d0i:10.20944/preprints202601.1619.v1

2 of 19

Keywords: hypertension; low-frequency episodic migraine with aura; hypertension associated
migraine; normal weight and overweight postmenopausal women; IL-6; vitamin D

Introduction

Hypertension (HTN) studies in women with migraine (MIG) and hypertension associated MIG
(HMIG) presented a link between vascular/cardiovascular diseases (CVDs) and MIG [1], and
increased CVDs were frequently noted associated to MIG with aura [2]. The MIG or the MIG
headache, a major public health issue [3] presents high prevalence and is one of the main disabling
neurological complications worldwide [4]. It manifests severe headaches that are more prevalent in
women than men [5]. The overweight (OW) status and obesity are also common in postmenopause
(PMP) in women with MIG [6].

Hypertension (HT) is one of the main health issues prevalent world-over and essentially requires
to be investigated thoroughly by screening procedures, prevention measures, and treatment
strategies with urgent and immediate attention [7]. Three generally accepted grades of HT for systolic
blood pressure (SBP) and diastolic blood pressure (DBP) are: 140-159 and 90-99 (grade-1); 160-179
and 100-109 (grade-2); and 2180 and 2110, though the lifestyle measures and treatment strategies do
not correspond to any specific grade [8].

Collective effect of MIG and OW/ obesity in PMP women was revealed [6]. Other reports show
relationship of blood pressure (BP) with body mass index (BMI) in NW-BMI and OW-BMI subjects
[9], independent effects of OW/ obesity and HTN leading to vascular and CVDs disorders [10], effect
of OW/ obesity causing HTN and effect of HTN causing OW/ obesity [9], influence of OW/ obesity in
HTN, CVDs, and neurovascular/ neurological disorders [11], influence of HTN in OW and obese
individuals [12], positive association of MIG and HTN [13], and several fold increase in the
prevalence of HTN in MIG patients [14]. However, other studies [15,16] differ from the mentioned
reports, e.g., no clear evidence of the exact direction manifesting association of OW/ obesity with MIG
[16], inconsistent association of HTN and MIG [15], and no associations between HTN and MIG [17].
Involvement of HTN in MIG with or without aura is also not clearly known. It was revealed that risk
of HTN increases in menopause in patients with MIG, but non-significant difference of the occurrence
of HTN was noted in MIG patients with aura and in those without aura [18].

Controversial results have been documented for serum vitamin D (VitD) in PMP women with
HTN, MIG and HMIG. Beneficial influence of VitD in PMP women with MIG [19], and favorable
effects of VitD supplementation in patients with MIG [20] were documented. However, no significant
relationship of low grade HTN with VitD in NW participants [21] was found. Non-significant
association of general/ abdominal obesity with VitD in MIG patients [22], and conflicting findings for
the association of VitD in PMP women [23] were obtained.

Increased cerebrospinal fluid (CSF) levels of interleukin-6 (IL-6) in HTN associated with
headache and MIG attacks [24], and significant association of IL-6 and VitD with OW/ obesity and
HTN in PMP women [25] were obtained. However, decreased level of IL-6 and its negative
association with MIG in women with/without aura [26], and non-significant association of vasomotor
activity and IL-6 [27] were also investigated. Furthermore, controversial relationship of serum IL-6
and VitD with OW/ obesity and HTN in PMP women [9] was documented.

It is generally viewed that lifestyle, eating behavior, adipocytokines, inflammatory/ anti-
inflammatory biomarkers and other factors might influence the main pathophysiological factors
involved in the underlying mechanism of a disease/ diseased process. These processes could be
closely associated with vascular and neurovascular disorders including HTN, MIG and HMIG.
However, there is no widely recognized evidence available yet of the mentioned factors in OW
women in PMP for clarifying the involved mechanism.

Despite differing views and controversial findings, our pilot studies and the literature provided
a guiding information to investigate the precise role of OW status and HTN in low-frequency episodic
MIG with aura in PMP women. We reviewed the findings appearing in the relevant reports for
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understanding and deciding for which specific biomarkers could be the promising factors for
pathophysiological and therapeutic purposes. We hypothesized the possible involvement of a highly
important anti-inflammatory biomarker-VitD that could partly be influenced by one of the major pro-
inflammatory biomarkers- IL-6 in PMP women of OW status with HTN, MIG or HMIG.

To test and verify our proposed hypothesis, we planned to study the NW and OW women
suffering from the low-frequency episodic MIG in PMP with aura and with/ without the risk of HTN.
We focused on investigating the interactive change and association of serum IL-6 and VitD in PMP
women of normal weight normotensive (NW-NTN), overweight normotensive (OW-NTN), normal
weight hypertensive (NW-HTN), overweight hypertensive (OW-HTN), normal weight migraine
(NW-MIG), overweight migraine (OW-MIG), normal weight migraine with hypertension (NW-
HMIG), and overweight migraine with hypertension (OW-HMIG).

Materials and Methods

Participants and Study Design:

The total PMP women participants including controls in the present observational case control
study were 1008. They were classified into eight groups. Each group comprised 126 participants. The
age range in each PMP group was 51-60 years. Eight groups of participants in the present work
comprised the NW-NTN, OW-NTN, NW-HTN, OW-HTN, NW-MIG, OW-MIG, NW-HMIG and
OW-HMIG women. The BMI range respectively in NW and OW participants was > 18.5 - <24.9 and
>25-<29.9 kg/m?2. The study was conducted during 15th January 2025 to 15th December 2025 at Umm
Al-Qura University (UQU) and associated hospitals/main clinics in Makkah, Saudi Arabia, and the
work was carried out considering the instructions and standard methods for human studies as
recommended by UQU and Helsinki Declaration. The ethical approval was sanctioned by the ethical
committee of the UQU Faculty of Medicine (the Approval Number: HAPO-02-K-012-2022-01-1069).
Age and BMI matched subjects with HTN and MIG along with their corresponding controls were
consulted. The sample size (n) was calculated prior to the commencement of research work by,
n=z2p’(1-p)/e? (z, p & e represent respectively the confidence level (a), proportion, and margin of
error) [28]. Additionally, the sample size was verified by sample size calculator.

Assessments and Methods:

A Questionnaire was used for filling/recording the required information of the present and
previous history of the patients and controls. For categorizing the participants into BMI-based NW
and OW status, a standard local Saudi study was followed [29]. The BMI (kg/m?) levels were
determined by dividing the body weight in kilograms (kgs) with the square of the body height in
meters (m?) [29,30].

The familial records, and the record of current and past medication of the participants were
collected. Those with a serious CVDs and any other complications except HTN, MIG and HMIG were
not entertained. Anthropometric, clinical, and relevant laboratory information was collected. The
participants in all eight groups of PMP women had a specified range of BP. Only those having grade-
1 HTN were included in the present study. The range of the grade-1 HTN was considered: SBP/DBP
as 140 to 159/ 90-99 mmHg [31]. The PMP participants having grade-2 HTNs (SBP/DBP: 160 to 179/100
to 109) and grade-3 HTNs (SBP/DBP: > 180/ > 110) [31] were not included in present study.

The PMP participants in the current study are those subjects who reached to the period of
menopause, and PMP was designated by determining it retrospectively after women had gone 12
consecutive months without a period. All women included in the present study showed menopause
up to 50 years of their age, and one year after that was considered as PMP, and the data of these
participants was taken during 51-60 years of their age.

The MIG is generally classified into three types: common MIG or MIG without aura, classic MIG
or MIG with aura, and chronic MIG. We consulted the participants having MIG with aura in the
present study. The classic MIG or MIG with aura includes the sensory disturbances which generally
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happen prior to or during MIG/ intense head-pain. Aura symptoms-most commonly visual
disturbances develop and may last up to around an hour. The MIG participants with/ without HTN
in the current study had low frequency episodic MIG (less than 10 migraine days in each month) with
aura. The PMP women having MIG (with/ without HTN) but without aura, and the chronic MIG
types were not included in the current study.

Obese and tobacco smoking participants were not included in the present study. The
participants with anemia, type-2 diabetes mellitus (T2DM)/ type-1 diabetes mellitus (T1DM), or those
subjects taking VitD, vitamin B or folic acid were not consulted. The participants having
inflammatory, immune related, reproductive, renal, other vascular/ cardiovascular, neurovascular or
any other complicated disorders were not considered for the present study. The PMP participants
included were those women having HTN, and low frequency episodic MIG with/ without HTN, and
controls.

Hematology analyzer-(Sysmex XN 100i (Sysmex Europe SE, Norderstedt, Germany) was
employed for determining hemoglobin (Hb) levels. Serum IL-6, hepcidin (Hp) and VitD and Hp were
determined respectively by Human IL-6 enzyme linked immunosorbent assay (ELISA) Kit, VitD
ELISA kit following the manufacturer’s instructions (Euroimmun, Lubeck, Germany), and Human
Hp ELISA Kit (MyBioSource, Inc. San Diego, CA, United States) employing the ELISA reader
following the instructions of the manufacturer.

Data Analysis:

General statistical procedures [32] were followed for data analysis. Statistical-Package for Social
Sciences (SPSS, vs 24.0) was incorporated for statistical analysis. Methods of descriptive statistics
were employed for statistical analysis. The unpaired t-test was incorporated for two variable
comparisons. Significant difference was considered as < 0.05. One-way analysis of variance (one-way
ANOVA) and post hoc Tukey Kramer test provided the among groups comparisons.

Relationship for the dependent and independent variables and the goodness of fit were obtained
employing multiple linear regression. Significant and non-significant predictors were found. The
SPSS uses variables transformations, calculates the linear equation, R, R?, adjusted R? (R%4j), p-value,
outliers that influence the Fisher-Pearson coefficient of skewness and the adjusted Fisher-Pearson
coefficient of skewness. It represents regression, residual, and total degree of freedom (DF). After
checking the residuals' normality assumption, it uses correlation matrices for multicollinearity,
homoscedasticity assumption for equal variance in all levels of independent variable and priori
power for minimum sample size, and the SPSS interprets the results. It then draws a histogram, a
residuals Q-Q plot (Quantile-Quantile plot) for determining the errors or residuals, a tabular
correlation matrix (Pearson), a residual x-plot-the diagnostic graph for residuals vs. predictor plot,
and a graphical distribution chart. Excluding any predictor or running backward stepwise selection
automatically is based upon the predictor's p-value. The backward stepwise technique is employed
to produce an initial screening of the predictors till p-value threshold.

Results

Table 1 presents the BMI-based characteristics and variables among groups in PMP women
participants with and without HTN. The Age (years) of the participants did not differ significantly
(age range: 51-55 years). BMI (kg/m2) of NW subjects was in the range of 18.5-24.5 whereas it was 25-
29.5 for OW subjects. The participants in the present study were thoroughly examined. Hb (g/dL)
and Hp (ng/mL) were determined. The BMI-based variations and associations of IL-6 and VitD were
determined in the present study for understanding their role in HTN, MIG and co-occurrence of
HMIG. No significant variation in the age, Hb and Hp were found for HTN compared with NTN
participants.

Serum VitD increased significantly in OW-HTN compared to OW-NTN and NW-HTN. IL-6
varied by its significantly increased serum levels in OW-HTN compared to OW-NTN and NW-HTN
as well as OW-NTN compared to NW-NTN (Table 1).

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Table 1. BMI-based characteristics and variables among groups in postmenopausal women participants with

and without hypertension.

Normal-weight and overweight postmenopausal women with and without hypertension

NW-NTN vs. NW-

Variables OW-NTN vs. OW-HTN | NW-NTN vs. OW-NTN | NW-HTN vs. OW-HTN
HTN

NW-NTN | NW-HTN | OW-NTN | OW-HTN | NW-NTN | OW-NTN | NW-HTN | OW-HTN
Age

55.64+2.91 | 55.67+2.89 | 55.7142.84 | 55.71+2.87 | 55.6442.91 | 55.7142.84 | 55.67+2.89 | 55.71:2.87
(years)
BMI

21.05+2.11 | 21.08+2.07 | 27.20+1.69 | 27.20+1.60 | 21.05+2.11 | 27.20+1.60*1 | 21.08+2.07 | 27.20+1.60%
(kg/m?)
25(0H)D

31.94+7.24 | 31.96+7.11 | 30.79+6.56 | 28.58+7.16* | 31.94+7.24 | 30.79+6.56 | 31.96+7.11 | 28.58+7.16%
(ng/mL)

Hb (g/dL) | 13.66+1.28 | 13.69+1.38 | 13.75+1.19 | 13.75+1.40 | 13.66x1.28 | 13.75+1.19 | 13.69+1.38 | 13.75+1.40

IL-6 14.15+8.37 14.15+8.37
7.86£7.36 | 9.50£6.90 | 9.80+7.11 7.86£7.36 | 9.80£7.11% | 9.50+6.90

(pg/ml) *5 *7

Hp

8.59+3.87 8.60+3.98 8.26+4.24 8.47+4.34 8.59+3.87 8.26+4.24 8.60+3.98 8.47+4.34

(ng/mL)

NW-NTN: normal-weight normotensive, NW-HTN: normal weight hypertensive, OW-NTN: overweight
normotensive, OW-HTN: overweight hypertensive, BMI: body mass index, Hb: haemoglobin, 25(OH)D: vitamin
D (VitD), IL-6: interleukin-6, Hp: hepcidin, total number of participants in each group are 126, two-tailed p-value
was used employing unpaired two-samples t-test, values are mean+ standard deviation (SD), *: p<0.001 (OW-
NTN vs. NW-NTN) ,*2: P<0.001 (OW-HTN vs. NW-HTN),*3: p 0.01 (OW-HTN vs. OW-NTN), *4: p<0.001 (OW-
HTN vs. NW-HTN), *>: p<0.001 (OW-HTN vs. OW-NTN), *¢: p 0.03 (OW-NTN vs. NW-NTN), *7: p<0.001(OW-
HTN vs. NW-HTN), other comparisons did not show significant difference.

The BMI-based PMP groups showed significant increased IL-6 in OW-MIG compared to NW-
MIG (Table 2). All other variables were found showing no significant differences in NW-MIG and
OW-MIG patients compared to their respective normal controls.

Table 2. BMI-based characteristics and variables among groups in normotensive postmenopausal women

participants with and without migraine.

Normal-weight and overweight normotensive postmenopausal women with and
without migraine
Variables
NW-NTN vs. NW-MIG OW-NTN vs. OW-MIG NW-MIG vs. OW-MIG
NW-NTN | NW-MIG | OW-NTN | OW-MIG | NW-MIG | OW-MIG
Age (years) 55.64+291 | 55.67+2.87 | 5571+2.84 | 55.68+2.81 | 55.67+2.87 | 55.68+2.81
BMI (kg/m?) 21.05#2.10 | 21.08+2.08 | 27.20+1.60 | 27.20¢1.61 | 21.08+2.08 | 27.20+1.61*
25(OH)D
ng/mL 31944724 | 31.0820.63 | 30.79+6.56 | 29.93+6.32 | 31.08+7.02 | 29.93+6.32
g
Hb (g/dL) 13.66+1.28 | 13.64+1.39 | 13.75+1.19 | 13.70+1.40 | 13.64+1.39 | 13.70+1.40
IL-6 (pg/ml) 7.86+7.36 9.03+8.21 9.80:7.11 | 11.0047.71 | 9.03+820 | 11.00+7.71%
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Hp (ng/mL)

8.59+3.87 8.55+3.96 8.26+4.24 8.44+4.35 8.55+3.96 8.44+4.35

NW-NTN: normal-weight normotensive, NW-MIG: normal weight migraine, OW-NTN: overweight
normotensive, OW-MIG: overweight MIG, BMI: body mass index, Hb: haemoglobin, 25(OH)D: vitamin D
(VitD), IL-6: interleukin-6, Hp: hepcidin, total number of participants in each group are 126, two-tailed p-value

was used employing unpaired two-samples t-test, values are meanz+ standard deviation (SD), *I: p<0.001 (OW-
MIG vs. NW-MIG), *2 P 0.05 (OW-MIG vs. NW-MIG), other comparisons did not show significant difference.

Table 3 describes the BMI-based characteristics and variables among groups in PMP women
participants with and without HMIG. The comparisons present significant increased IL-6 and VitD
levels in OW-HMIG compared to NW-HMIG as well as OW-NTN. IL-6 showed significant increased
level in NW-HMIG compared to NW-NTN. Other variables were not found having significant
variation in NW-HMIG, or OW-HMIG groups of patients.

Table 3. BMI-based characteristics and variables among groups in postmenopausal women participants with
and without hypertension related migraine.

Normal-weight and overweight postmenopausal women with and without hypertension related
migraine
Variables
NW-NTN vs. NW-HMIG OW-NTN vs. OW-HMIG NW-HMIG vs. OW-HMIG
NW-NTN | NW-HMIG | OW-NTN OW-HMIG | NW-HMIG | OW-HMIG
Age (years) 55.6442.91 55.6742.87 55.67+2.80 55.67+2.84 55.6742.87 | 55.67+2.84
BMI (kg/m?) 21.0542.11 21.08+2.07 27.20+1.60 27.20+1.60 21.0842.07 | 27.20+1.60 *1
27.516.98
25(0H)D (ng/mL)
31.947.24 30.67+7.10 30794656 | 27.514698% | 30.67+7.10 *3
Hb (g/dL) 13.67+1.28 13.63+1.36 13.75+1.19 13.75+1.34 13.63¢1.36 | 13.75+1.34
IL-6 (pg/m) 7.8647.36 10834813 % |  9.80+7.11 15.5349.14 % 10.8348.13 | 15.5349.14 %6
Hp (ng/mL) 8.59+3.87 8.76+4.03 8.26+4.24 8.62+4.32 8.76+4.03 8.62+4.32

NW-NTN: normal-weight normotensive, NW-HMIG: normal weight hypertensive migraine, OW-NTN:
overweight normotensive, OW-HMIG: overweight HMIG, BMI: body mass index, Hb: haemoglobin, 25(OH)D:
vitamin D (VitD), IL-6: interleukin-6, Hp: hepcidin, total number of participants in each group are 126, two-tailed
p-value was used employing unpaired two-samples t-test, values are mean+ standard deviation (SD), *': p<0.001
(OW-HMIG vs. NW-HMIG),*?: P<0.001 (OW-HMIG vs. OW-NTN),*3: p 0.001 (OW-HMG vs. NW-HMG), **
p<0.003 (NW-HMIG vs. NW-NTN), *5: p<0.001 (OW-HMIG vs. OW-NTN), *¢: p<0.001 (OW-HMIG vs. NW-

HMIG), other comparisons did not show significant difference.

Table 4 describes the BMI-based characteristics and variables among groups in PMP women
participants with HTN and with MIG. The comparisons present significant increased IL-6 in OW-
MIG compared to OW-HTN. Other variables were not found having significant variation in NW-
MIG, or OW-MIG compared to their respective groups of patients.

Table 4. BMI-based characteristics and variables among groups in postmenopausal women participants with
hypertension and with migraine.

Normal-weight and overweight postmenopausal women with
Variables

hypertension and with migraine

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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NW-HTN vs. NW-MIG OW-HTN vs. OW-MIG

NW-HTN NW-MIG OW-HTN OW-MIG
Age (years) 55.67+2.89 55.67+2.87 55.71+2.8 55.68+2.81
BMI (kg/m?) 21.08+2.07 21.08+2.08 27.20+1.60 27.20+1.61
25(0OH)D (ng/mL) 31.96+7.11 31.08+0.63 28.58+7.16 29.93+6.32
Hb (g/dL) 13.69+1.38 13.64+1.39 13.75+1.40 13.70+1.40
IL-6 (pg/ml) 9.50+6.90 9.03+8.21 14.15+8.37 11.00+£7.71 *
Hp (ng/mL) 8.60+3.98 8.55+3.96 8.47+4.34 8.44+4.35

NW-NTN: normal-weight normotensive, NW-HTN: normal weight hypertensive, OW-NTN: overweight
normotensive, OW-HTN: overweight hypertensive, BMI: body mass index, Hb: haemoglobin, 25(OH)D: vitamin
D (VitD), IL-6: interleukin-6, Hp: hepcidin, total number of participants in each group are 126, two-tailed p-value
was used employing unpaired two-samples t-test, values are meanz+ standard deviation (SD), *1: p<0.002 (OW-

MIG vs. OW-HTN), other comparisons did not show significant difference.

Table 5 presents the BMI-based characteristics and variables among groups in PMP women
participants with HTN and with HMIG. The comparisons did not present significant results for any
variable.

Table 5. BMI-based characteristics and variables among groups in postmenopausal women participants with

hypertension and with hypertension associated migraine.

Normal-weight and overweight postmenopausal women with
hypertension and with hypertension associated migraine

Variables

NW-HTN vs. NW-HMIG OW-HTN vs. OW-HMIG

NW-HTN NW-HMIG OW-HTN OW-HMIG

Age (years) 55.67+2.89 55.67+2.87 55.71+2.8 55.67+2.84
BMI (kg/m?) 21.08+2.07 21.08+2.07 27.20+1.60 27.20+1.60
25(OH)D (ng/mL) 31.96+7.11 30.67+7.10 28.58+7.16 27.51+6.98
Hb (g/dL) 13.69+1.38 13.63+1.36 13.75+1.40 13.75+1.34
IL-6 (pg/ml) 9.50+6.90 10.83+8.13 14.15+8.37 15.53+9.14
Hp (ng/mL) 8.60+3.98 8.76+4.03 8.47+4.34 8.62+4.32

NW-NTN: normal-weight normotensive, NW-HTN: normal weight hypertensive, OW-NTN: overweight
normotensive, OW-HTN: overweight hypertensive, BMI: body mass index, Hb: haemoglobin, 25(OH)D: vitamin
D (VitD), IL-6: interleukin-6, Hp: hepcidin, total number of participants in each group are 126, two-tailed p-value
was used employing unpaired two-samples t-test, values are mean+ standard deviation (SD), no significant

difference was obtained for group comparisons.

Table 6 describes the BMI-based characteristics and variables among groups in PMP women
participants with MIG and with HMIG. The comparisons present significant increased IL-6 in OW-
HMIG compared to OW-MIG. Other variables were not found having significant variation in NW-
HMIG, or OW-HMIG compared to their respective groups of patients.

Table 6. BMI-based characteristics and variables among groups in postmenopausal women participants with

normotensive migraine and with hypertension associated migraine.
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Normal-weight and overweight postmenopausal women with
Variables normotensive migraine and with hypertension associated migraine
NW-MIG vs. NW-HMIG OW-MIG vs. OW-HMIG
NW-MIG NW-HMIG OW-MIG OW-HMIG
Age (years) 55.67+2.87 55.67+2.87 55.68+2.81 55.67+2.84
BMI (kg/m?) 21.08+2.08 21.08+2.07 27.20+1.61 27.20+1.60
25(OH)D (ng/mL) 31.08+0.63 30.67£7.10 29.93+6.32 27.51+6.98 *1
Hb (g/dL) 13.64+1.39 13.63+1.36 13.70£1.40 13.75+1.34
IL-6 (pg/ml) 9.03+£8.21 10.83+8.13 11.00+7.71 15.53+9.14 *2
Hp (ng/mL) 8.55+3.96 8.76+4.03 8.44+4.35 8.62+4.32

NW-NTN: normal-weight normotensive, NW-HTN: normal weight hypertensive, OW-NTN: overweight
normotensive, OW-HTN: overweight hypertensive, BMI: body mass index, Hb: haemoglobin, 25(OH)D: vitamin
D (VitD), IL-6: interleukin-6, Hp: hepcidin, total number of participants in each group are 126, two-tailed p-value
was used employing unpaired two-samples t-test, values are meanz+ standard deviation (SD), *!: p 0.004 (OW-
HMIG vs. OW-MIG), *2 P<0.001 (OW-HMIG vs. OW-MIG), other comparisons did not show significant
difference.

Among group variations determined by one way ANOVA and post hoc Tukey Kramer test
indicated highly significant change in serum IL-6 and VitD (Table 7). Other variables did not indicate
any significant change. The post hoc Tukey Cramer test indicated significant variations for serum IL-
6 for: NW-HT & OW-HT, OW-NT & OW-HT, OW-NT & OW-HMIG, OW-HT & OW-MIG, OW-HT
& NW-HMIG, OW-MIG & OW-HMIG, and NW-HMIG & OW-HMIG. It did not present any
significant variations for age, Hp and Hb (Table 7).

The post hoc Tukey Cramer test presented significant variations for serum VitD for: NW-HT &
OW-HT, NW-HT & OW-HMIG, OW-NT & OW-HMIG, NW-MIG & OW-HMIG and NW-HMIG &
OW-HMIG (Table 7).

Table 7. Analysis of variance in BMI-based characteristics and variables in postmenopausal women participants

with and without hypertension and migraine.

Participant Normal . Hypertension
. Hypertension L L
variables control (HTN) Migraine and migraine
(NTN) MIG) (HMIG) Significance*
BMI (NW-HTN &
(NW-NTN (NW-MIG & | (NW-HMIG | (p-values)
Variables | Status OW-HTN)
& OW-MIG) &
OW-NTN) OW-HMIG)
Age NW 55.64+2.91 55.67+2.89 55.67+2.87 55.67+2.87
>0.05
(years) ow 55.71+2.84 55.71+2.87 55.68+2.81 55.67+2.84
BMI NW 21.05+2.11 21.08+2.07 21.08+2.08 21.08+2.07
<0.001
(kg/m2) OW | 27.20+1.69 | 27.20+1.60 27.20+1.61 27.20+1.60
IL-6 NW 7.86+7.36 9.50+6.90 9.03+8.21 10.83+8.13
<0.001
(pg/mL) OW | 9.80+7.11 14.15+¢8.37 | 11.00+7.71 15.53+9.14
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Hp NW 8.59+3.87 8.60+3.98 8.55+3.96 8.76+4.03
0.99

(ng/mL) OW 8.26+4.24 8.47+4.34 8.44+4.35 8.62+4.32

NW | 13.66+128 | 13.69+1.38 | 13.64+1.39 13.63£1.36
Hb (g/dL) 0.99
OW | 1375:1.19 | 13.75+1.40 | 13.70+1.40 | 13.75+1.34

NW 31.94+7.24 31.96+7.11 31.08+0.63 30.67+7.10
VitD <0.001
ow 30.79+6.56 28.58+7.16 29.93+6.32 30.67+7.10

NW-NTN: normal-weight normotensive, OW-NTN: over-weight normotensive, NW-HTN: normal weight
hypertensive, OW-HTN: over-weight hypertensive, MIG: migraine, NW-MIG: normal weight migraine, OW-
MIG: over-weight migraine, HMIG: hypertensive migraine, NW-HMIG: normal weight hypertensive migraine,
OW-HMIG: overweight hypertensive migraine, BMI: body mass index, Hb: haemoglobin, 25(OH)D: vitamin D
(VitD), IL-6: interleukin-6, Hp: hepcidin, total number of participants in each group are 126, , values are mean+
standard deviation (SD), p-values for one-way ANOVA (one-way analysis of variance), statistical analysis was
carried out by using “Statistical Package for Social-Sciences” version 24.0 for Window (SPSS, Ver 24.0), *: One-
way analysis of variance (ANOVA).

For NW-NTM, the multiple linear regression presented weak cumulative nonsignificant effect
between age, BMI, IL-6, Hp, Hb and Vitamin D (F (1, 124) =1.5, p =0.222, R? = 0.01, R?%4qj=0) (Table 8).
The predictors show a little variance of dependent variable. For multiple linear regression for NW-
HTN, a weak cumulative non-significant effect was obtained between age, BMI, IL-6, Hp, Hb, and
Vitamin D, (F (1, 124) = 1.4, p = 0.238, R? = 0.01, R?%qj = 0) (Table 8). For OW-NTN, weak cumulative
nonsignificant effect in multiple regression was obtained between age, BMI, IL-6, Hp, Hb and Vitamin
D, (F(1,124)=0.74, p=0.393, R2=0.01, R2%qj = 0) (Table 8).

Table 8. Analysis of correlation by multiple linear regression for all variables in postmenopausal women with

normotension, hypertensive, migraine and hypertension associated migraine.

Subject groups Correlation by multiple linear regression for age, BMI, IL-6, Hp, Hb and VitD
in postmenopausal women with normotension, hypertension, migraine and
hypertension associated migraine
F R2 Rzadj P

NW-NTN 1.50 0.01 0.00 0.22
NW-HTN 1.40 0.01 0.00 0.24
OW-NTN 0.74 0.01 0.00 0.39
OW-HTN 25.65 0.39 0.37 <0.001
NW-MIG 6.00 0.09 0.07 0.003
OW-MIG 5.97 0.09 0.07 0.003
NW-HMIG 8.72 0.12 0.11 <0.001
OW-HMIG 36.69 0.47 0.46 <0.001

NW: normal weight, OW: overweight, NTN: normotensive, HTN: hypertensive, MIG: migraine, HMIG:
hypertensive migraine, F: Fisher's F or F-statistic (or F-value), R coefficient of determination, R%gj: R? adjusted,
multiple linear regression was employed, statistical analysis was done by applying the Statistical Package for

Social Sciences (SPSS), version 24.0 for Windows.
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The results for OW-HTN obtained from the multiple regression show that there was a strong
collective significant effect between the IL-6, BMI, age, Hp, Hb, and Vitamin D, (F (3, 122) =25.65, p <
.001, R2=0.39, R%q = 0.37) (Table 8). Individual predictors were examined further and indicated that
IL-6 (t=-3.665, p <.001), BMI (t=1.983, p =.050) and age (t=-2.698, p =.008) were significant predictors
in the model.

The analysis of multiple regression for NW-MIG shows that a collective significant effect was
obtained between age, BMI, IL-6, Hp, Hb, and VitD, (F (2, 123) = 6, p = 0.003, R? = 0.09, R%qj = 0.07)
(Table 8). The individual predictors were examined further and indicated that IL-6 (t = -3.051, p
=0.003) and BMI (t = 2.562, p =0.012) were significant predictors in the model. The goodness of fit
accompanied the overall p value <a (0.05). The results for OW-MIG showed that the multiple
regression indicated a collective significant effect between the age, BMI, IL-6, Hp, Hb, and VitD, (F
(2, 123) = 5.97, p = 0.003, R? = 0.09, R?%qj = 0.07) (Table 8). The individual predictors were examined
further and indicated that IL-6 (t = -2.985, p = 0.003) and BMI (t = 2.528, p = .013) were significant
predictors. The goodness of fit accompanied the overall p value <a (0.05).

The multiple regression analysis for NW-HMIG indicated a collective significant effect between
age, BMI, IL-6, Hp, Hb, and VitD, (F (2, 123) = 8.72, p < .001, R? = 0.12, R%g4j = 0.11) (Table 8). The
individual predictors were examined further and indicated that IL-6 (t =-3.497, p <.001) and BMI (t =
2.786, p = .006) were significant predictors. Analysis of the multiple linear regression for OW-HMIG
indicated that there was a strong collective significant effect between the age, BMI, IL-6, Hp, Hb, and
VitD, (F (3, 122) =36.69, p <.001, R2 = 0.47, R%qj = 0.46) (Table 8). The goodness of fit accompanied the
overall p value <a (0.05). The individual predictors were examined further and indicated that IL-6 (t
=-5.694, p <.001) and BMI (t = 3.731, p <.001) and age (t = -2.663, p = .009) were significant predictors.

Table 9 presents the results of the multiple regression for only BMI, IL-6, and vitamin D in PMP
women with NTN, HTN, MIG and HMIG. This second set of multiple regression clarified the
associations among three important predictors.

Table 9. Analysis of correlation by multiple linear regression for BMI, IL-6, and vitamin D in postmenopausal

women with normotension, hypertensive, migraine and hypertension associated migraine.

Subject groups Correlation by multiple linear regression for BMI, IL-6 and VitD in
postmenopausal women with normotension, hypertension, migraine and
hypertension associated migraine
F R2 R2agj P

NW-NTN 1.50 0.01 0.00 0.22
NW-HTN 1.40 0.01 0.00 0.24
OW-NTN 1.72 0.01 0.01 0.19
OW-HTN 61.30 0.33 0.33 <0.001
NW-MIG 5.19 0.04 0.03 0.024
OW-MIG 5.31 0.04 0.03 0.023
NW-HMIG 9.17 0.07 0.06 0.003
OW-HMIG 76.54 0.38 0.38 <0.001

NW: normal weight, OW: overweight, NTN: normotensive, HTN: hypertensive, MIG: migraine, HMIG:
hypertensive migraine, BMI: body mass index, VitD: vitamin D, IL-6: interleukin-6, F: Fisher's F or F-statistic (or
F-value), R2 coefficient of determination, R%q: R? adjusted, multiple linear regression was employed, statistical

analysis was done by applying the Statistical Package for Social Sciences (SPSS), version 24.0 for Windows.
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Results of the multiple linear regression for NW-NTN indicated that there was a very weak
collective non-significant effect between the BMI, IL-6, and VitD, (F (1, 124) = 1.5, p=0.22, R2=0.01,
R2gj = 0) (Table 9). Results of the multiple linear regression for NW-HTN indicated that there was a
very weak collective non-significant effect between the BMI, IL-6, and VitD, (F (1, 124) =14, p=0.24,
R2=0.01, R2%4j=0) (Table 9). Results of the multiple linear regression for OW-NTN indicated that there
was a very weak collective non-significant effect between the BMI, IL-6, and VitD, (F (1, 124)=1.72, p
=.192, R2=0.01, R2%q = 0.01) (Table 9).

Results of the multiple linear regression for OW-HTN indicated that there was a moderate
collective significant effect between the BMI, IL-6, and VitD, (F (1, 124) = 61.3, p <.001, R? = 0.33, R2qj
= 0.33) (Table 9). Results of the multiple linear regression for NW-MIG indicated that there was a
collective significant effect between the BMI, IL-6, and VitD, (F (1, 124) = 5.19, p = .024, R? = 0.04, R
= 0.03) (Table 9). Results of the multiple linear regression for OW-MIG indicated that there was a
collective significant effect between the BMI, IL-6, and VitD, (F (1, 124) = 5.31, p = .023, R? = 0.04, R2qj
=0.03) (Table 9). Results of the multiple linear regression for NW-HMIG indicated that there was a
collective significant effect between the BMI, IL-6, and VitD, (F (1, 124) =9.17, p = .003, R? = 0.07, R2qj
=0.06) (Table 9). Results of the multiple linear regression for OW-HMIG indicated that there was a
strong collective significant effect between the BMI, IL-6, and VitD, (F (1, 124) = 76.45, p < .001, R2 =
0.38, R%dj = 0.38) (Table 9). p-value is < a (0.05).

Discussion

The among groups variations indicated highly significant change in serum IL-6 and VitD in the
present study. Hypertension group of overweight postmenopausal women in the present study
indicated significant increased serum VitD in OW-HTN compared to OW-NTN and NW-HTN, and
significantly increased IL-6 in OW-HTN compared to OW-NTN and NW-HTN as well as OW-NTN
compared to NW-NTN. The migraine and hypertension associated migraine groups show significant
increased IL-6 in OW-MIG compared to NW-MIG and OW-HTN, NW-HMIG compared to NW-NTN,
and OW-HMIG compared to OW-MIG, NW-HMIG and OW-NTN. Among groups the multiple
linear regression indicated collective significant effect among BMI, IL-6, and VitD in OW-HTN, NW-
MIG, OW-MIG, NW-HMIG and OW-HMIG. BMI and IL-6 presented significant inverse association
with VitD in these groups. Other groups presented non-significant effect.

Our current study provides evidence for the relationship of BMI with migraine in PMP women.
Both the migraine and obesity/ overweightness are prevalent conditions with high financial burden
and socioeconomic hardship in PMP women [6]. Migraine prevalence is more in women [33] with
evident clinical characteristics in premenopause, menopause and PMP [34,35]. It was noted
significantly higher in prevalence in PMP women compared to premenopausal women, and
association between obesity/ overweight status and migraine and vice vera exists [6]. It exhibits
severe headache and has two to three times more prevalence in females than in males [5,36]. This
disparity is most significant during the reproductive age, and peaking in later years [5,37,38].
Migraine patterns in PMP were compared and it was suggested for further studies on large scale to
better understand the related burden in PMP considering the migraine characteristics and
management [39].

The present investigation presents association of OW status with HTN and HMIG. Several
reports explain this association. Increased BMI may appear in response to HT [40]. A large population
of different age range of obese subjects had HTN than a smaller number of NW people with HTN
[41]. Gradually increasing BMI revealed progressive increase in HTN in public [11] even in late life
[42]. An association for BP and BMI was revealed in both NW-BMI and OW-BMI individuals [43].

It was investigated that the body weight and HTN associate significantly with each other [9].
The OW status and HTN were found independent risk factors progressing to CVD [10]. Various
reports provide convincing information about the significant role of OW-BMI and obesity related
BMI (O-BMI) in the development and gradual progression to HTN and the occurrence of HTN
leading to increase in BW and hence BMI. [9,43,44]. Regardless of the mentioned studies, differing
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results and contradictory findings were also noted mainly due to differing criteria employed for
collecting/obtaining and studying the data of obese and OW subjects with/ without HTN [43,44]. Our
current study provides valuable information and suggests decreasing the body weight for better
health strategy. An interactive influence between HTN and OW-BMI or HTN and O-BMI emphasizes
to implement a combined type of management for both HTN and increased BMI even for non-HTN
subjects with elevated BMI [45]. As a precautionary measure, it is helpful decreasing the body weight
for future possibility of the risk of having HTN in subjects who do not have yet the obesity or OW
status [31].

Obesity, HTN and other vascular diseases/CVDs and metabolic disorders are more prevalent in
PMP women than men and these disorders appear in interaction more frequently in women than
men [46]. The increased prevalence in women may stem from the fact that women typically have
small sized coronary vessels, which can lead to disordered vasodilator reaction in the
microvasculature and increased aortas stiffness. Consequently, a better insight and understanding of
sex-specific biological differences are essentially required to be explored for deciding the efficacious
management of HTN, vasculopathies and other CVDs in women.

The present study found a firm positive association between MIG and HTN that is evident in
other studies as well [13,47]. A report conducted with follow-up for five years found 1.4-fold more
risk of developing HTN [14]. However, some of the other reports that documented inconsistent
results [15,48], no associations or negative association between HTN and MIG [17,49-51] could be
due to the criteria for defining the various measurements and selecting the participants or
methodological differences. We tried to conduct highly well controlled study following the required
criteria. Hence, the results obtained in this study are further helpful for unravelling the influence of
HTN in patients with MIG and vice versa.

It was revealed that the age, BMI, and PMP/menopausal status, presented both positive and
negative associations with the history of MIG, HTN, menopausal syndrome and other metabolic
disorders [52]. We noticed that the data [52] was categorized in a different way compared to ours,
and the population of the participants is also different. The women participants in the current study
in PMP presented the influence of hypertension on MIG with aura and vice versa. It was investigated
that MIG was found associated with an increased risk of HTN in menopausal women, though no
significant difference was found for migraine with or without aura [18]. However, we could not find
comparison for the association of HTN in MIG women without aura since we collected only the data
of MIG/ HMIG women with aura.

The OW-BMI and O-BMI are considered as the influencing factors contributing to the occurrence
of HT, CVDs, neurological/ neurovascular disorders, diabetes mellitus (DM) and other chronic
diseases [18]. The shift of NW-BMI to OW-BMI and O-BMI status steadily or speedily in public is a
highly serious and alarming situation [53] causing CVDs. The BP increases more often in obese
subjects compared to nonobese subjects, whereas change in lifestyle reduces the level of BP in obese
and OW subjects [12]

The present report suggests the potential role of IL-6 in MIG It was evident in a report that
women participants having MIG showed increased levels of IL-6, and other pro-inflammatory
cytokines as compared to control participants [54]. Furthermore, serum IL-6 correlated positively
with the number of MIG headache days [55]. An experimental study showing increase in plasma IL-
6 levels in stressed mice, with more pronounced increase in female mice predicted the involvement
of IL-6 and other pro-inflammatory cytokines as well in the mechanisms supporting to the MIG pain
[33]. Various cytokines including IL-6 are implied in the pathophysiology of MIG/MIG headaches via
association between MIG and inflammation, immune dysfunctions, obesity, insulin resistance,
atherosclerosis, HTN, CVDs and other dysfunctions [56].

Obesity in MIG can be treated effectively by bariatric surgery as a therapeutic alternate for
considerable weight loss arising from decrease in systemic inflammation along with other factors [4].
It was revealed that magnitude of MIG headache improvement correlated well with the weight loss
and under the influence of decrease in IL-6 and other proinflammatory cytokines. Related to the link
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between obesity and MIG, it was found that obesity potentiates transient receptor potential ankyrin-
1 (TRPA-1) associated trigemino-vascular reaction, and elevates the pro-inflammatory cytokine IL-6,
and increased susceptibility occurs in obese subjects after chemical exposure to trigeminal
nociceptors [57]. Obesity induced by long term administration of high-fat, high-sucrose (HFHS) in
experimental animals caused increased levels of IL-6 and other proinflammatory cytokines,
sensitizing the trigemino-vascular processes, and causing alterations in transient receptor potential
vanilloid 1 (TRPV1) associated vascular processes serving as pathophysiological mechanism
associated with the increased susceptibility of headache [57]. The vasomotor manifestations
appearing during menopause transition are frequently reported as due to inflammatory disbalances.
Obesity is considered as a risk factor for the change of episodic MIG to chronic MIG and IL-6 and
other pro-inflammatory cytokines serve as neurogenic inflammatory factors producing MIG in
patients with obesity [58].

Our study shows that IL-6 has dual pathophysiological role both in HTN and MIG. It is
confirmed in a study that the patients with headache mainly from intracranial HTN and intractable
and nonspecific forms of MIG presented increased levels of IL-6 in CSF [24]. The antiviral tests were
carried out for determining the efficacy of Elaeocarpus sylvestris ellipticus (ESE) for varicella zoster
virus (VZV). The ESE is a traditional oriental medication for pain, MIG, HTN, obesity and several
other disorders. It was found that ESE decreased the pain response and inhibited the phosphorylation
and the expression of IL-6 and several other anti-inflammatory cytokines leading to inhibitory action
on pain and inflammation [59].

A firm change in the serum levels of VitD and association of vitamin D with MIG was found in
the present work. A previous report provided evidence that VitD administration showed therapeutic
efficacy in patients with MIG [20]. Furthermore, significant difference was obtained in VitD
supplemented exercise training group compared to non-training control group for the menopausal
symptoms including MIG in early PMP women [19].

The MIG, HTN, OW/obesity, and HTN and OW/ obesity associated MIG all show the efficacious
role of vitamin D. A trial showed beneficial effects of VitD supplementation for three months on MIG
[60]. Significantly greater decrease in the frequency and severity of MIG was obtained. Studies in a
trial comprising adult patients having migraine revealed that supplementation of VitD improved the
migraine index (MI), and nitric oxide (NO) serum levels [60]. Migraineurs showed higher association
with HTN, obesity, VitD deficiency and a variety of other factors [61].

Interactive activity of VitD and IL-6 was shown in PMP women with HTN and MIG [62].
Another report indicates BMI based association of VitD insufficiency influencing serum IL-6 [63].
Relevant studies provide evidence for our findings for patients with HTN [64,65] and MIG [66,67].
Studies conducted in patients with DM, HTN and CVDs elucidated an association of VitD receptor
(VDR) expression and IL-6 [64]. It was suggested that there exists a direct association between VitD
and IL-6 in HTN women, though further studies are required in view of inconsistent results [65].

The IL-6 and other inflammatory mediators in interaction with a variety of dietary components
including VitD were found important in weight loss dietary plans for OW and obese MIG patients
[66]. It was revealed that VitD pertains anti-inflammatory effects and is helpful for improving the
MIG headaches especially for protecting against inflammation in MIG patients [67]. They found that
VitD supplementation helped decreasing IL-6 and other inflammatory responses in patients with
episodic MIG [67]. This report is highly related for providing evidence for our current findings.

There are several merits and demerits of the present investigation. The merits in the currents
study are that it is highly well controlled with respect to age of the PMP participants, range of the
period after menopause, their BMI, BP, HTN of grade-1, MIG of a highly specific type (low-frequency
episodic MIG), and non-anemic/ nonobese/ nonsmoking status of the participants. Despite the merits
of having well-controlled study, the mentioned criteria could be considered as having demerits or
limitations, since comprehensive studies can be conducted by collecting the data of a): wide age
range, b): comparative assessment of perimenopause (premenopause, menopause and PMP), c): wide
range of BMI, and BP d): higher grades of HTN, e): MIG patients of various types-chronic and those
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that are without aura, f): obese PMP women g): anemic PMP, h): MIG of moderate and high
frequency, and i): MIG/ HMIG with other comorbidities. Furthermore, there is an urgent need of
studying other inflammatory/ anti-inflammatory biomarkers and other variables of
pathophysiological significance as well beside the interactive role of IL-6 and VitD with NW-BMI,
OW-BMI and O-BMI status and central obesity. Hopefully, further studies would provide the
opportunity to link the present findings with other promising future studies for having a better and
comprehensive insight about the underlying mechanism in MIG with/ without HTN, and better
management of OW/ obese PMP women patients having MIG with/ without HTN. It is expected that
interlinking the existing and future findings would unravel a well-accepted mechanism of the
development and progression of HTN/ MIG/ HMIG and their management based on comprehensive
pathophysiological insights.

Conclusions

Current study shows significant role of serum IL-6 and vitD in HTN and low-frequency episodic
MIG and HMIG especially with OW status in PMP women. BMI based significant variation and
negative association of IL-6 with vitamin D in HTN, and low-frequency episodic MIG and HMIG
with aura in the present report provide evidence of the pathophysiological impact of IL-6 and vitamin
D in HTN, and episodic MIG and HMIG.
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Q-Q plot Quantile-Quantile plot

SBP Systolic blood pressure

SPSS Statistical-Package for Social Sciences
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