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Abstract

Pupose: Although there are reports of vitamin D (VitD) insufficiency in immune-mediated
hypothyroidism, an association between VitD and thyroid-stimulating hormone (TSH)
levels has yet to be shown. We aim to examine VitD and TSH levels among
postmenopausal women, as both conditions are more prevalent in elderly women.

Methods: The clinic records of postmenopausal women during their routine maintenance
visits were reviewed. All patients were examined for the symptoms related to thyroid
function and osteoporosis. Participants were divided into three subgroups according to their
TSH levels (below <0.5 mIU/L, 0.51-4.0 mIU/L and >4.0 mIU/L). Patient characteristics
and VitD levels were compared between these subgroups. Multivariate linear regression
model was constructed using serum VitD and serum TSH as the dependent variables to
identify factors independently associated with these laboratory values.

Results: Two-hundred and nighty nine postmenopausal women were included. Average age
was 62.2+7.5 years old. VitD was insufficient (10-30 ng/mL) in 12.0% and deficient (<10
ng/mL) in 60.9% of the participants. In 11.3%, TSH was low and in 7.6% of women, TSH
was high, while the remaining 80.1%, had normal TSH levels. Subjects with low TSH had
significantly higher VitD concentrations (34.2+29.1 ng/mL) compared to the other two
groups (P-value: 0.039). In multivariate regression analysis, TSH was not a contributing
factor, as age was the only significant predictor of VitD levels. Meanwhile, no predictor
(including age and VitD) was identified for TSH levels in linear regression analysis.
Conclusion: Age was the only independent predictor of serum VitD in this study
population. Though suppressed TSH was associated with higher VitD levels, the association

was not linear between TSH and VitD in postmenopausal women.

Introduction

Vitamin D (VitD) insufficiency is present in over half
of population worldwide." It has been long known that
VitD insufficiency contributes to development of
osteopenia and osteoporosis.>* As the VitD receptors
are present in all human cells regardless of their
different embryologic origins, several studies have
focused on the extra-skeletal effects of VitD and the
way it affects general health of patients.® In addition to
the limited oral intake and age-related decline in its
absorption, decreased exposure to sunlight is among the
leading causes of VitD insufficiency in women.® Age-
related changes that contribute to the reduced serum
levels of this vitamin are mediated through the
attenuation of hypodermal synthesis of VitD precursor,
as well as reductions in alimentary absorption of
cholesterol-based provitamin  molecules in daily
nutritional intake.’

VitD insufficiency has been implicated in increasing
prevalence of autoimmune diseases, including type |
diabetes mellitus,® rheumatoid arthritis® and systemic
lupus erythematosus.’®*? On the other hand, immune-

mediated pathophysiology comprises the major etiology
of hypothyroidism in iodine-replete areas.™®> Moreover,
aging is linked to the increased prevalence of
subclinical forms of hypothyroidism.***® Interestingly
low VitD levels is reported in patients with
hyperthyroidism presumably due to the acceleration of
its metabolism."” Studies have yielded conflicting
results on the frequency of VitD insufficiency among
patients with an ongoing autoimmune process in
humans. VitD levels have been found to be lower in
patients with autoimmune thyroid disorders compared
to the healthy volunteers in one study.’® Yet, other
studies have not yielded similar results.*

VitD insufficiency is very common among women in
the geographic region where this study is conducted.?
In view of these conflicting reports, we aim to examine
the association between serum levels of VitD and
thyroid  stimulating  hormone  (TSH)  among
postmenopausal women. We hypothesize that serum
levels of VitD would be lower in postmenopausal
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women with elevated serum concentrations of TSH
presumably due to the diminished synthesis.

Materials and Methods

The study design and the informed consent process
were reviewed and approved by the Research Ethics
Committee at Tabriz University of Medical Sciences.
The study was exempted from written informed consent
process due to its retrospective design and non-
interventional nature of the study protocol. The study
complied with the World Medical Association
Declaration of Helsinki regarding ethical conduct of
research involving human subjects. Patient identifiable
information was handled cautiously to maintain patient
privacy

Inclusion and Exclusion criteria

The clinic records of all postmenopausal women who
presented to the primary care clinic for routine check up
visits between January and April 2008 were screened
by a member of research team for the availability of
serum levels of VitD and TSH. Patients who had
simultaneous measurements during this period were
considered for enrollment. They were enrolled only if
they had been postmenopausal for at least past 48
consecutive months. Patients older than 80 years, and
those with diabetes mellitus, rheumatoid arthritis,
chronic kidney disease with an estimated glomerular
filtration rate < 60 mL/min/1.73 m? hypo or
hyperparathyroidism,  cirrhosis, malnutrition and
malabsorption were excluded.

Study variables

Data regarding participant’s age, age at menopause,
body mass index (kg/m?), number of pregnancies, and
smoking status were recorded. Additionally, the
findings of physical examination were reviewed and
information on vital signs, presence of peripheral
edema, hoarseness and tremor were recorded in the
research database. Nutritional information on daily
intake of dairy products, calcium supplementation,
medications and exposure to sunlight were also
recorded.

Laboratory analysis

TSH levels between 0.5-4.0 mIU/L were regarded
normal.®* Subjects with serum 25-OH VitD levels
below 10 ng/ml were considered ‘deficient’, whereas
those with levels between 10-30 ng/ml were considered
‘insufficient’. VitD levels > 30 ng/ml were considered
‘sufficient’. Participants were divided to three
subgroups according to their TSH level (below <0.5
mIU/L, 0.51-4.0 mIU/L and >4.0 mIU/L).?

Statistical Analysis
All pertinent clinical and laboratory information were
entered to SPSS version 22.0 (IBM®, Chicago, IL).

Descriptive analysis was performed to compare the
patients after they were grouped based on their serum
TSH concentrations. Categorical data were analyzed
using chi square test (degree of freedom = 2) and
reported with 95% confidence interval (CI). Numerical
variables were analyzed using two-tailed one-way
analysis of variance (ANOVA) with Bonferroni
correction for post hoc inter-group comparisons. These
data were presented as mean * standard deviation (SD).
Linear regression analyses were performed to examine
the factors that predicted serum concentrations of VitD.
Multivariate linear regression model was constructed
using serum VitD and serum TSH as the dependent
variables and factors with either a P-value less than
0.15 in the univariate analysis or a previously reported
association with either VitD or TSH as independent
variables. Null hypotheses were rejected where p values
were less than 0.05.

Results

A total of 299 participants were included in this study.
Average age of the study population was 62.2 £ 7.5
years. Expectedly, only 27.1% of the population had
normal serum VitD level. Overall, 12.0% had VitD
insufficiency and 60.9% had VitD deficiency. In 34
(11.3%) of the cases, TSH was lower than 0.5 mIU/L
and in 242 (81.0%) TSH was within normal reference
range. Abnormally high levels of TSH (>4.0 mIU/L)
were reported in 23 (7.7%) subjects. Table 1
summarizes the characteristics of the three subgroups of
study population according to their serum TSH level.
Serum VitD level was significantly different among the
study subgroups (P = 0.039). In post hoc analysis, it
was determined that subjects with TSH levels <0.5
mIU/L had significantly higher VitD concentrations
(34.2 + 29.1 ng/mL) compared to subjects with normal
TSH levels (22.9 + 23.9 ng/mL; P= 0.032) and those
with elevated TSH concentrations (17.5 + 11.0 ng/mL;
P = 0.030). However the difference in serum VitD
concentrations was not significant between subject with
normal and those with elevated TSH levels (P = 0.892).
In order to identify the independent factors affecting
VitD levels, a multivariate linear regression model was
constructed using the serum VitD concentrations as the
dependent factor. The constructed model is shown in
Table 2. Age was the only independent predictor of
VitD levels (correlation coefficient: 0.681, Cl: 0.112-
1.250; p-value = 0.019), whereas serum TSH levels
were not found to be an independent predictor of VitD
concentrations. The second linear regression analysis
using serum TSH concentrations as the dependent
variable was performed with age, age at menopause,
serum VitD, current smoking, BMI and number of
pregnancies as independent variables. In the
constructed model, neither age nor VitD was found to
be independent predictors of serum TSH level (Table 3).
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Table 1. Distribution of patients based on TSH categories of suppressed TSH, normal TSH and elevated TSH

TSH<0.5 TSHO0.51-4.0 TSH>4.0 Total
- P-Value
N=34 N =242 N=23 N =299

Age (year) 63.2+5.1 63.3+4.8 64.0+4.6 63.4+4.8 0.678
Age at Menopause (year) 46.1+6.3 46.6 £5.3 46.9+4.4 46.5%5.3 0.862
Body Mass Index (Kg/MA2) 27.4+5.1 28.0+5.0 299+54 28.1+5.1 0.178
Current Smoking 0.0% 1.2% 4.3% 1.3% 0.381
Number of Pregnancies 7 [3-11] 6 [1-14] 5[1-12] 6 [1-14] 0.351
Weight Loss > 10% 17.6% 12.4% 0.0% 12.0% 0.033
Adequate Sun Exposure 0.0% 1.7% 4.3% 1.7% 0.398
Supplemental Calcium Intake 14.7% 16.1% 30.4% 17.1% 0.250
History of Bone Fracture 32.4% 18.6% 39.1% 21.7% 0.030
Evidence of Osteoporosis 5.9% 3.3% 4.3% 3.7% 0.745
Heart Rate (beats/min) 79.1+6.8 79.4+6.3 80.1+6.9 79.4+6.3 0.823
Systolic Blood Pressure (mmHg) 129+ 22 131421 128 +24 130121 0.772
Diastolic Blood Pressure (mmHg) 80+14 81+14 80+13 81+14 0.920
Tremor 14.7% 7.4% 13.0% 8.7% 0.318
Peripheral Edema 8.8% 10.3% 17.4% 10.7% 0.579
Hoarseness 5.9% 4.5% 4.3% 4.7% 0.943
Normal Vitamin D 38.2% 26.4% 17.4% 27.1% 0.039
Vitamin D Insufficiency 23.5% 10.3% 13.0% 12.0% -

Vitamin D Deficiency 38.2% 63.2% 69.6% 60.9% -

Serum Vitamin D ng/mL 342+29.1 229+239 175 +11.0 23.8+x24.1 0.016

Table 2. Linear regression analysis using serum vitamin D3 concentrations as the dependent variable. Age was the only significant
factor, which significantly predicted serum vitamin D3 levels. TSH: Thyroid Stimulating Hormone

Regression Model Coefficients  Std. Error P-Value 95.0% Confidence Interval
TSH (mIU/L) -0.06 0.21 0.77 -0.47 0.35
Age (year) 0.68 0.29 0.02 0.11 1.25
Age at Menopause (year) -0.21 0.26 0.43 -0.71 0.30
Frequent Sun Exposure -15.83 10.65 0.14 -36.79 5.13
Current Smoking -15.63 11.84 0.19 -38.94 7.68
Calcium Supplementation 2.94 3.79 0.44 -4.52 10.41
Dairy Product used at least once a day 0.68 2.04 0.74 -3.34 4.71

Table 3. Linear regression analysis using serum concentrations of thyroid stimulating hormone (TSH) as the dependent variable.

Model Coefficients Std. Error P-Value 95.0% Confidence Interval
Age (year) 0.12 0.10 0.25 -0.08 0.32
Age at Menopause (year) 0.03 0.09 0.78 -0.15 0.20
Current Smoking 0.71 3.72 0.85 -6.62 8.05
Serum Vitamin D3 (ng/mL) 0.00 0.02 0.92 -0.04 0.04
Body Mass Index (Kg/M~2) 0.01 0.09 0.92 -0.17 0.19
Number of Pregnancies -0.11 0.18 0.56 -0.47 0.26

Discussion

Expectedly, VitD inadequacy was found to be very
common in the current study. As the main finding of
this study, suppressed levels of TSH have been
associated with higher VitD levels, though no linear
association between TSH and VitD has been noticed in

postmenopausal women. Though higher levels of VitD
in women with suppressed TSH levels might
presumably be due to an increased absorption of VitD
in hyperthyroid state, the concept has not been studied.

Thyroid disorders are more common in women by 5-10
times, while their frequency increases with age.™
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Accordingly, the linkage between VitD and the function
of thyroid gland is best to be examined among the
postmenopausal women. TSH is a physiologic indicator
of thyroid function and its elevated level is particularly
the most sensitive screening test for hypoactive thyroid
function.® The linkage between these two prohormonal
molecules may be viewed from two different angles.
VitD is an omnipotent regulator of the innate immunity,
and inadequate serum levels of this vitamin have been
linked to autoimmune reactions.* In patients with
systemic lupus, a decrease in the amount of
immunoglobulin produced by B cells once the cells are
pre-incubated with VitD have been observed.” VitD
suppresses interleukin (IL-12) production, which is a
type-1 cytokine that polarizes T-helper lymphocytes.
As a result of IL-12 suppression, there is a shift toward
type-2 T-helper (TH2) responses that include
expression of IL-4, IL-5, IL-6 and IL-10.*° TH2
response is a much stronger activator of B-cells leading
to antibody secretion, particularly IgE responses in
type-1 hypersensitivity reactions. VitD exerts its effect
by binding to VitD receptor, which is present on many
cells of immune system, and thereby regulating the
activity of the immune cells. Individuals with genetic
polymorphisms of these receptors are particularly prone
to autoimmune thyroid disorders.?’ Moreover, the
association between autoimmune thyroid disorders such
as Hashimoto’s disease and Grave’s disease with low
levels of VitD has been described.?*? In one report, the
frequency of VitD deficiency is higher among patients
with autoimmune thyroid disorders compared to those
with non-autoimmune thyroid problem or healthy
controls.™®

Metabolism of VitD is also reciprocally regulated by
thyroid hormones. Provitamin D3 is synthesized from
7-dehydrocholesterol and the enzymatic reaction takes
place principally in keratinocytes located in the basal
and spinous strata of the epidermis layer.*® On the other
hand, thyroid hormone exerts important effects on skin.
Histologic examination of the skin in hypothyroid
patients has shown changes indicative of epidermal
thinning and hyperkeratosis.®® There is a strong
suggestion that the epidermal barrier function is
probably impaired in hypothyroidism with a
speculation that synthesis of VitD is decreased in
patients with overt hypothyroidism and high TSH.*
One would have expected an association between
elevated levels of TSH and reduced VitD depots.
However we did not observe such an association
probably due to the relatively low number of patients
with high TSH, and lack of cases with very high TSH
levels.

In the multivariate linear regression model constructed
using serum VitD and serum TSH as the dependent
variables, age is identified as the only independent
predictor of VitD level in the present study. It has been
shown that serum levels of VitD decrease with age. The
decrease in serum VitD level is more pronounced in
women and the decline is noticed to start in

perimenopausal phase.** Unexpectedly, age has shown
a positive correlation with VitD level in our population.
As such as the study population grow older the serum
concentrations of VitD increase. We speculate that the
observation is due to the fact that our population
consists of post-menopausal women with a tendency to
include subjects in the seventh decade of their lives
(average 63.4 * 4.8 years old). Interestingly in two
other reports from the same region as the current study,
higher levels of VitD have been reported in older
women in  comparison  with  their  younger
counterparts.*** This could be due to the higher rate of
consumption of VitD supplements in this age group.
The study is limited by its retrospective design. Though
TSH is the initial test for evaluation of hypoactive
thyroid function, further tests are needed to objectively
determine the overall function of this gland. As other
laboratory indicators of thyroid function such as serum
levels of free T3 and T4 are missing, it is impossible to
examine the direct effects of thyroid hormones on
serum VitD. Additionally, the sporadic availability of
anti-thyroid peroxidase antibody measurement in our
patient population makes it difficult to comment on
autoimmune nature of thyroid disorders affected by
VitD inadequacy.

Conclusion

VitD inadequacy is very common in postmenopausal
women in the region the study took place. Though
suppressed TSH was associated with higher VitD
levels, the association was not linear between TSH and
VitD among postmenopausal women where age is the
only independent predictor of serum VitD
concentrations. This linkage between VitD and TSH
levels may be merely an association and this study like
several others does not add much information to the
causality of the observation. Prospective longitudinal
studies with larger subject numbers and more
comprehensive measurement of thyroid function along
with examining the indicators of innate immunity may
shed light into the underlying pathophysiology and
mechanisms involved in the interaction between thyroid
function and VitD metabolism.

Ethical Issues
Not applicable.

Conflict of Interest
The authors declare no conflict of interests.

References

1. Holick MF. Vitamin d deficiency. N Engl J Med
2007;357(3):266-81. doi: 10.1056/NEJMra070553

2. Paul TV, Selvan SA, Asha HS, Thomas N,
Venkatesh K, Oommen AT, et al. Hypovitaminosis
d and other risk factors of femoral neck fracture in
south indian postmenopausal women: A pilot study.
J Clin Diagn Res 2015;9(6):0C19-22. doi:
10.7860/JCDR/2015/9444.6131

642 | Advanced Pharmaceutical Bulletin, 2016, 6(4), 639-644



Vitamin D and thyroid function

3. Aaron JE, Gallagher JC, Anderson J, Stasiak L,
Longton EB, Nordin BE, et al. Frequency of
osteomalacia and osteoporosis in fractures of the
proximal femur. Lancet 1974;1(7851):229-33.

. Lips P. Suboptimal vitamin d status: A risk factor for
osteoporosis? Adv Nutr Res 1994;9:151-66.

. Stocklin E, Eggersdorfer M. Vitamin d, an essential
nutrient with versatile functions in nearly all organs.
Int J Vitam Nutr Res 2013;83(2):92-100. doi:
10.1024/0300-9831/a000151

. Stolarczyk A, Horvath A, Szczechura M, Kaminska

M, Dziechciarz P. High prevalence of vitamin d

insufficiency in community-dwelling

postmenopausal polish women. Prz Menopauzalny
2014;13(5):289-92. doi: 10.5114/pm.2014.46471

MacLaughlin J, Holick MF. Aging decreases the

capacity of human skin to produce vitamin d3. J

Clin Invest 1985;76(4):1536-8. doi:

10.1172/3C1112134

8. Hypponen E, Laara E, Reunanen A, Jarvelin MR,
Virtanen SM. Intake of vitamin d and risk of type 1
diabetes: A birth-cohort  study. Lancet
2001;358(9292):1500-3.  doi:  10.1016/S0140-
6736(01)06580-1

9. Merlino LA, Curtis J, Mikuls TR, Cerhan JR,
Criswell LA, Saag KG, et al. Vitamin d intake is
inversely associated with rheumatoid arthritis:
Results from the iowa women's health study.
Arthritis Rheum 2004;50(1):72-7. doi:
10.1002/art.11434

10. Ben-Zvi I, Aranow C, Mackay M, Stanevsky A,
Kamen DL, Marinescu LM, et al. The impact of
vitamin d on dendritic cell function in patients with
systemic  lupus erythematosus. PLoS One
2010;5(2):€9193. doi:
10.1371/journal.pone.0009193

11. Huisman AM, White KP, Algra A, Harth M, Vieth
R, Jacobs JW, et al. Vitamin d levels in women with
systemic lupus erythematosus and fibromyalgia. J
Rheumatol 2001;28(11):2535-9.

12. Kamen DL, Cooper GS, Bouali H, Shaftman SR,
Hollis BW, Gilkeson GS. Vitamin d deficiency in
systemic lupus erythematosus. Autoimmun Rev
2006;5(2):114-7. doi: 10.1016/j.autrev.2005.05.009

13. Vanderpump MP. The epidemiology of thyroid
disease. Br Med Bull 2011;99:39-51. doi:
10.1093/bmb/1dr030

14. Cooper DS, Biondi B. Subclinical thyroid disease.
Lancet 2012;379(9821):1142-54. doi:
10.1016/S0140-6736(11)60276-6

15. Faggiano A, Del Prete M, Marciello F, Marotta V,
Ramundo V, Colao A. Thyroid diseases in elderly.
Minerva Endocrinol 2011;36(3):211-31.

16. Niafar M, Toufan M, Ghafoori S,
Aghamohammadzadeh N. Subclinical
hypothyroidism effects on cardiac function. Pak J
Biol Sci 2009;12(15):1056-62.

17. Velentzas C. Vitamin d metabolism in
thyrotoxicosis. Therapeutic aspects derived from an

I

o1

[op}

~

old observation. Int J Clin Pract 2009;63(8):1265.
doi: 10.1111/j.1742-1241.2009.02033.x

18. Kivity S, Agmon-Levin N, Zisappl M, Shapira Y,
Nagy EV, Danko K, et al. Vitamin d and
autoimmune thyroid diseases. Cell Mol Immunol
2011;8(3):243-7. doi: 10.1038/cmi.2010.73

19. Bouillon R, Muls E, De Moor P. Influence of
thyroid function on the serum concentration of 1,25-
dihydroxyvitamin d3. J Clin Endocrinol Metab
1980;51(4):793-7. doi: 10.1210/jcem-51-4-793

20. Alipour S, Saberi A, Seifollahi A, Shirzad N,
Hosseini L. Risk factors and prevalence of vitamin
d deficiency among iranian women attending two
university hospitals. Iran Red Crescent Med J
2014;16(10):e15461. doi: 10.5812/ircmj.15461

21. Jun JE, Jee JH, Bae JC, Jin SM, Hur KY, Lee MK,
et al. Association between changes in thyroid
hormones and incident type 2 diabetes: A seven-
year longitudinal study. Thyroid 2016. doi:
10.1089/thy.2016.0171

22. Ginde AA, Liu MC, Camargo CA, Jr. Demographic
differences and trends of vitamin d insufficiency in
the us population, 1988-2004. Arch Intern Med
2009;169(6):626-32. doi:
10.1001/archinternmed.2008.604

23. Matyjaszek-Matuszek B, Pyzik A, Nowakowski A,
Jarosz MJ. Diagnostic methods of tsh in thyroid
screening  tests. Ann  Agric Environ Med
2013;20(4):731-5.

24. Inoue N, Watanabe M, Ishido N, Katsumata Y,
Kagawa T, Hidaka Y, et al. The functional
polymorphisms of vdr, gc and cyp2rl are involved
in the pathogenesis of autoimmune thyroid diseases.
Clin  Exp Immunol 2014;178(2):262-9. doi:
10.1111/cei.12420

25. Aranow C. Vitamin d and the immune system. J
Investig Med 2011;59(6):881-6. doi:
10.2310/JIM.0b013e31821b8755

26. Baeke F, Takiishi T, Korf H, Gysemans C, Mathieu
C. Vitamin d: Modulator of the immune system.
Curr Opin Pharmacol 2010;10(4):482-96. doi:
10.1016/j.coph.2010.04.001

27. Bizzaro G, Shoenfeld Y. Vitamin d and
autoimmune thyroid diseases: Facts and unresolved
questions. Immunol Res 2015;61(1-2):46-52. doi:
10.1007/s12026-014-8579-z

28. Tamer G, Arik S, Tamer I, Coksert D. Relative
vitamin d insufficiency in hashimoto's thyroiditis.
Thyroid 2011;21(8):891-6. doi:
10.1089/thy.2009.0200

29. Yasuda T, Okamoto Y, Hamada N, Miyashita K,
Takahara M, Sakamoto F, et al. Serum vitamin d
levels are decreased and associated with thyroid
volume in female patients with newly onset graves'
disease.  Endocrine  2012;42(3):739-41.  doi:
10.1007/s12020-012-9679-y

30. Bikle DD. Vitamin d metabolism and function in
the skin. Mol Cell Endocrinol 2011;347(1-2):80-9.
doi: 10.1016/j.mce.2011.05.017

Advanced Pharmaceutical Bulletin, 2016, 6(4), 639-644 | 643



Niafar et al.

31. Safer JD. Thyroid hormone action on skin.
Dermatoendocrinol 2011;3(3):211-5. doi:
10.4161/derm.3.3.17027

32. Hanley K, Jiang Y, Katagiri C, Feingold KR,
Williams ML. Epidermal steroid sulfatase and
cholesterol sulfotransferase are regulated during late
gestation in the fetal rat. J Invest Dermatol
1997;108(6):871-5.

33. Maggio D, Cherubini A, Lauretani F, Russo RC,
Bartali B, Pierandrei M, et al. 25(oh)d serum levels
decline with age earlier in women than in men and
less efficiently prevent compensatory

hyperparathyroidism in older adults. J Gerontol A
Biol Sci Med Sci 2005;60(11):1414-9.

34. Hashemipour S, Larijani B, Adibi H, Javadi E,
Sedaghat M, Pajouhi M, et al. Vitamin d deficiency
and causative factors in the population of tehran.
BMC Public Health 2004;4:38. doi: 10.1186/1471-
2458-4-38

35. Asadi M, Jouyandeh Z, Nayebzadeh F, Qorbani M.
Does aging increase vitamin d serum level in
healthy postmenopausal women? Acta Med Iran
2013;51(10):701-4.

644 | Advanced Pharmaceutical Bulletin, 2016, 6(4), 639-644



