Vol 123, No 01, January 2025 Journal of the Indian Medical Association 19

Original Article

Correlation of Serum Vitamin D with Serum Calcium Level in
Hypothyroid Patients

Rajamani Shanmugasundaram?, Pravin Selvam?, Neelima S3

Background : Vitamin D is necessary for the normal functioning of many organs, including the thyroid gland. It's
deficiency is considered a risk factor for the development of many thyroid disorders, including autoimmune thyroid
diseases and thyroid cancer. However, the interaction between Vitamin D and thyroid function is still not fully understood.

Aims and Objectives : The aim of the study was to evaluate the association between hypothyroidism and serum
Vitamin D3 levels in the Indian population and its association with ionized calcium.

Materials and Methods : A cross-sectional analytical study was carried out among 100 patients with sub-clinical
hypothyroidism or overt primary hypothyroidism who met the inclusion criteria from November, 2019 to November,
2020 in a tertiary care centre in Salem. Basic demographic details were obtained and the estimation of serum calcium,
Vitamin D and thyroid profile was done by an automated analyzer.

Results : In this study, two-thirds of the patients were female. The bulk of the patients (82%) had overt hypothyroidism.
Though, Vitamin D and TSH levels had a significant negative correlation (r = -0.333, P value = 0.001), there is a
positive relationship between Vitamin D levels and serum calcium (r = 0.047, P value = 0.644). Serum calcium levels
were negatively correlated with TSH levels but this finding was statistically not significant (r = -0.141, P value = 0.162).

Conclusion : This study indicates that patients with hypothyroidism suffer from low serum levels of Vitamin D,
which correlate with TSH. These findings may suggest a potential role for 25-OH Vitamin D in the development of
hypothyroidism. This study recommends that patients with hypothyroid disorders be regularly checked for levels of
Vitamin D and serum calcium.
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reference range suggest primary hyperthyroidism.
TSH levels above the reference range and free
thyroxine concentrations within the normal range
indicate mild or sub-clinical hypothyroidism, which is
frequently encountered as an early indication of
thyroid dysfunctiond. It is a common condition in India,
with a prevalence of 1.9 percent in women by 2020
and the prevalence increases with age*. Thyroid
hormones are universal determinants of organ
function. Hence, there may be a multiplicity of
symptoms. Especially in the elderly, clinical
presentations may be atypical and go undiagnosed?.

Vitamin D plays a major role in physiological
processes that modulate mineral metabolism and
immune function with probable link to several chronic
and infectious conditions®. Vitamin D is a steroid
molecule, mainly produced in the skin, that regulates
the expression of a large number of genes®. Calcium
and phosphate levels are two minerals that Vitamin
D aids in controlling. Healthy bones, teeth and
muscles require these nutrients. Deformities of the
bones, such as rickets in children and bone pain in
adults due to Osteomalacia, can result from
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population in Indial®. This prevalence is remarkably
high. Several studies have shown that Vitamin D may
play a role in many biochemical mechanisms, in
addition to bone and calcium metabolism™. The role
of Vitamin D as an immune modulator has been
emphasized in recent years and low levels of the
hormone were observed in several autoimmune
diseases, including multiple sclerosis'?, SLE'3, Type
1 diabetes mellitus and rheumatoid arthritis. Most
effects of Vitamin D are mediated via the Vitamin D3
Receptor (VDR). The immune modulator properties
of Vitamin D are attributed to its effect on T and B
lymphocytes, all of which harbors VDRS. Low Vitamin
D may increase the degree of auto-immunity and
subsequently increase the prevalence of Auto-immune
Thyroid Diseases (AITDs). Thyroid diseases are
among the most common endocrine abnormalities.
The pathogenesis of AITDs, like other auto-immune
diseases, is multifactorial, combining genetic, immune,
environmental and hormonal influences such as
Vitamin D.

Few past studies have reported the impact of Vitamin
D deficiency on thyroid diseases. Currently, there is no
consensus regarding the optimal role of Vitamin D
deficiency in hypothyroid patients or its association with
hypothyroidism. In the present study, we explored the
probable interaction between Vitamin D status and
hypothyroidism and also tried to find any correlation
between serum calcium levels and hypothyroidism.

MATERIALS AND METHODS

Study Settings :

Salem District is one of the 38 districts of Tamil
Nadu State in Southern India. A hospital-based cross-
sectional analytical study was carried out among
patients diagnosed with sub-clinical hypothyroidism
and overt primary hypothyroidism in a tertiary care
centre in Salem. The Tertiary Care Centre is located
in the rural area of Salem and the hospital has 560
beds. The Department of General Medicine normally
provides 24-hour service to more than One Lakh
Outpatients per year, mainly to the people of Salem
and partly to the neighboring districts of Erode and
Namakkal.

Study Period and Study Population :

This study was conducted for a period of 1 year,
ie, from November, 2019 to November, 2020. All
patients 18 years of age and older, of both genders,
diagnosed with sub-clinical hypothyroidism and overt
primary hypothyroidism who fulfilled the inclusion
criteria were recruited for the study.

Ethical consideration : The approval for this
study was obtained through the ethical clearance of
the Institutional Ethics Committee on Human Subjects

(Approval No. VMKVMC&H/IEC/19/65). After
obtaining approval from the Institutional Ethics
Committee, the data was collected from the patient
who fulfilled the inclusion criteria and protocol for
enrolling in the study after receiving their signed
informed consent.

Selection of Study Participants :

Inclusion Criteria:

« Patients with sub-clinical hypothyroidism aged
over 18 years with a TSH level greater than 5.1 and
less than 10 mIiU/ml

« Patients with overt primary hypothyroidism
aged over 18 years with a TSH level greater than 10
miu/ml

Exclusion Criteria:

Patients on Vitamin D supplementation or calcium
supplements; patients with central hypothyroidism;
hepatic dysfunction; renal dysfunction and patients
on anti-epileptic medications

Sample Size Determination and Sampling Method :

In the cross-sectional study by Amer et al. in India
by 2019, the prevalence of Vitamin D deficiency in
sub-clinical and clinical hypothyroidism cases was
90%!%°. Considering this prevalence, the minimum
sample size of 96 was calculated using the formula
3.84*pqg/d?, where prevalence (p) = 90, g (1-p) = 10,
and precision (d) = 6, with a 95% confidence interval.
All consecutive patients (100 in number) who fit the
inclusion criteria were enrolled in the study.

Data Collection Procedure :

A semi-structured questionnaire was used by the
principal investigator using a one-on-one interview
method to collect data. Each individual was given a
thorough clinical examination, a history was obtained,
and a clinical diagnosis was determined. After
overnight fasting, 3 ml of venous blood was withdrawn
from the patients in the plain vacutainer. Blood was
allowed to clot, and a centrifuge was used to separate
serum. Serum thus separated was stored at 4-8°C
until the analysis was done. Estimation of serum T3,
T4 and TSH was done by a fully automated analyzer,
Minividas and serum calcium was analyzed by the
Arsenezo method in a semi-automated analyzer.
Serum concentrations of Vitamin D3 in patients were
measured by the immuno-metric assay method
(competitive principle). The quantitative determination
of 25-OH Vitamin D was carried out by a direct,
competitive chemiluminescence immunoassay (direct
chemiluminescent reactions).

Operational Definition :

(1) Vitamin D deficiency :

In our study, Vitamin D deficiency was defined, in
accordance with the manufacturer, as serum levels
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of Vitamin D3 less than 20 ng/mL in adults. Vitamin D
insufficiency was defined as serum levels of Vitamin
D3 between 20 and 29 ng/mL in adults. Vitamin D
sufficiency was defined as serum levels of Vitamin
D3 greater than 30 ng/mL in adults1®.

(2) Hypothyroidism :

Hypothyroidism cases were classified into two
subgroups according to their thyroid function status
measured by the ELIZA techniquel”.

Sub-clinical hypothyroidism describes a situation
in which no overt clinical feature of hypothyroidism is
present, with serum levels of T4 and T3 still in the
normal range but with higher levels of TSH.

Clinical hypothyroidism describes the condition
in which an overt clinical feature of hypothyroidism is
present, with lower levels of T4 and T3 and higher
levels of TSH.

Thyroid Stimulating Hormone (TSH)

Normal : 0.5-5.0 mIU/I

Sub-clinical Hypothyroidism : 5.1 to <10 mlU/I

Overt Hypothyroidism : >10 mlU/I

Triiodothyronine (T3) — Normal level: 1.2 — 4.4
pg/ml

Thyroxine (T4) — Normal Level: 0.8-2.0 ng/dl

(3) Serum Calcium :

Calcium sufficiency was defined as serum levels
of calcium between 8.6 mg/dl and 10.3 mg/dl in adults.

Data Processing and Analysis :

Data analysis was performed using IBM-SPSS
version 21.0 (IBM-SPSS Science Inc, Chicago, IL).
Descriptive statistics like mean and Standard
Deviation were used for continuous variables like age,
TSH, T3, T4, etc, while frequency and percentage
were used for gender variables. An independent
sample T-test was used for comparing two means
and Pearson’s correlation was done to see the
correlation between two continuous variables. A P
value of 0.05 was considered significant.

REesuLTs

Almost half (45%) of the patients were 36-45 years
of age and more than one-third were 26-35 years of
age. 67% of the patients were female and 33% were
male. Most (82%) of the patients had overt
hypothyroidism. Almost 73% of patients were deficient
in Vitamin D and 27% of patients had an insufficient
amount of Vitamin D. Table 1 describes the basic
characteristics of the study population.

Table 2 describes the gender-based clinical
characteristics and their association as expressed by
the independent T test. No statistical difference (P
<0.05) was seen in all variables, except for the age
variable, where a difference in the mean age of Males
is 37.18+7.23 and Females is 33.44 £7.56 (P value =

0.02). The mean concentration of Vitamin D is higher
in Females compared to Males, but this difference
was statistically not significant (P value = 0.42). The
mean concentration of serum calcium is almost equal
between Females and Males. Thus, this difference
was statistically not significant (P value = 0.92).

Table 3 describes the association of thyroid status
with vitamin D and serum calcium by an independent
T test. The mean concentration of Vitamin D is higher
in sub-clinical hypothyroidism (20.66 + 4.68) in
comparison to overt hypothyroidism with a mean of
16.67 = 4.60 and this difference was statistically
significant (P value = 0.001). Conversely, the mean
concentration of calcium is higher in sub-clinical
hypothyroidism (9.21 £+ 0.62) in comparison to overt
hypothyroidism with a mean of 9.01 + 0.62 and this
difference was not statistically significant (P value =
0.235).

Table 4 describes the correlation between Vitamin
D, serum calcium and thyroid hormone levels. Thyroid
Stimulating Hormone (TSH) levels correlate
negatively with Vitamin D levels (r =-0.333, P value =
0.001). Vitamin D concentrations increase along with
calcium levels in the blood. There is a positive
correlation between Vitamin D levels and serum
calcium, but there is no statistical significance (r =
0.047, P value = 0.644). T3 and T4 levels had no
statistically significant change (P values = 0.644,
0.466, and 0.650, respectively). TSH levels were

Table 1 — Basic Characteristics of the Study Population
Patients Characteristics Frequency Percentage

(N =100)
Age group <25 13 13.0%
26-35 36 36.0%
36-45 45 45.0%
>45 6 6.0%
Gender Male 33 33.0%
Female 67 67.0%
Hypothyroidism Sub-clinical 18 18.0%
Overt 82 82.0%
Vitamin D Insufficient 27 27.0%
Deficient 73 73.0%

Table 2 — Gender-based Clinical Characteristics

Parameters Male, N=33 Female, N=67 P value
Age (in Years) 37.18+7.23 33.44 £7.56 0.02*
Serum 25 (OH)

Vitamin D (ng/ml) 16.83+5.03 17.66+4.76 0.42
Serum Calcium (mg/dl) 9.04+0.70 9.05+0.59 0.92

Table 3 — Association of Thyroid Status with Vitamin D and
Serum Calcium

Thyroid Status Sub-Clinical Overt P value
Hypothyroidism Hypothyroidism
(N=18) (N=82)
Vitamin D (ng/ml) 20.66+4.68 16.67+4.60  0.001*
Serum Calcium (mg/dl) 9.21+0.62 9.01+0.62 0.235
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Table 4 — Correlation Co-efficients of Vitamin D and Calcium with a reciprocal relationship exists between serum
Thyroid Function Tests TSH and Vitamin D levels in hypothyroid

Variables Viamin D Serum TSH T3 T4 |subjects®®?’.
Calcium According to a study done by Talaei A, et al in
Vitamin D : Iran by 2018 where 12 weeks supplement of
Pearson Correlation 1 0.047* -0.33?k 0.074 0.046* 50,000 IU Vitamin D was given to one group and
Sezj\r{r?lgl;cium : 0.644 0.001* 0466  0.650 | one group received placebo, the supplemented
Pearson Correlation 0.047 1 0141 0101 0003+ |group had significant decrease inthe TSH levels.
P value 0.644 0.162 0.318 0.977 |They also found the prevalence of Vitamin D

negatively linked with serum calcium levels, but this
finding was not statistically insignificant (r =-0.141, P
value = 0.162).

Discussion

Various previous studies have documented a
relationship between the occurrence of
hypothyroidism and serum concentrations of Vitamin
D818-20_ A literature review has reported that Vitamin
D deficiency plays a critical role in thyroid disease
development, including thyroid cancer?1:22,

We observed in this study that more than two-
thirds (67%) of the patients were Female. In addition,
almost half of them fall under the age group of 36 to
45, These findings suggest that hypothyroidism is
more common among Females than Males. Similar
findings were also observed in India by Sinha R, et al
in 2019. They found that 67.1% of the patients were
female and more than half of the patients fell under
the 40-59 age group?3. A study in India by
Unnikrishnan, et al in 2013 also found a greater
number of female patients with hypothyroidism?24.
Similar observations were also noted in a study by
Mackawy, et al which had a greater number of female
subjects with hypothyroidismé.

In this study, patients with clinical or overt
hypothyroidism had significantly lower serum levels
of Vitamin D than those with sub-clinical
hypothyroidism (P value 0.001). It may be associated
with insufficient intestinal absorption of Vitamin D or
the body’s inability to activate Vitamin D correctly.
Parallel to our findings in India, Amer AH, et al noticed
in 2019 that patients with overt hypothyroidism had
lower levels of Vitamin D than those with sub-clinical
hypothyroidism (P value 0.001)'°. Furthermore, a
study in India by Lohokare R, et al (2016) discovered
that hypothyroid individuals had significantly lower
serum levels of Vitamin D 25 (OH) than euthyroid
patients (P value 0.001)2°. Kim reported in the Korean
population by 2016 that Vitamin D deficiency is more
prevalent in auto-immune Hashimoto’s thyroiditis
presenting with overt hypothyroidism than sub-clinical
hypothyroid variants2. In the present study, Thyroid-
stimulating Hormone (TSH) levels correlate negatively
with Vitamin D levels. Similar studies have shown that

deficiency to be high in hypothyroid patients. They,
thus, suggested a significant relationship between
Vitamin-D deficiency and hypothyroidism?.

We observed a lower level of serum calcium in
patients suffering from overt hypothyroidism (9.01 +
0.62) when compared with sub-clinical hypothyroidism
(9.21+0.62), but it was not statistically insignificant
(P value = 0.235). In contrast to our findings, a study
by Mackawy, et al in Saudi Arabia discovered that
serum calcium levels recorded a significant decrease
in hypothyroid patients when compared to controls®.
In India, a study by Sinha R, et al in 2019 observed
that hypothyroid people had significantly lower blood
calcium levels than the control group?3. Disturbance
in calcium homeostasis is frequently observed with
dysfunction in the thyroid gland?®. Thyroxine, which
normally controls blood calcium levels through cellular
calcium release, is reduced in hypothyroidism. As a
result, there is less thyroxine in the circulation, which
leads to less thyroxin entrance into cells and hence
less extracellular calcium release®.

These findings point towards the role of Vitamin
D as a potential modifiable risk factor for
hypothyroidism. The effect of Vitamin D is mediated
through its binding to the Vitamin D Receptor (VDR)
and activation of VDR-responsive genes. VDR is
found in several cell types, including the thyroid
gland?®. So, probably, Vitamin D plays a role in
maintaining an euthyroid state by interacting with its
receptor in the thyroid gland. Similar findings were
reported in other studies as well®25,

This study indicates that patients with
hypothyroidism suffer from low serum levels of Vitamin
D and calcium and these levels are associated with
the degree and severity of hypothyroidism. Screening
of newly diagnosed hypothyroid patients for 25-OH
Vitamin D and serum calcium levels and
supplementation of Vitamin D at an early stage of
diagnosis are strongly recommended.

Limitations :

Our study population of 100 samples is
comparatively small and the study can be extended
to a larger population. The levels of phosphorous,
parathyroid hormone and thyroid antibodies were not
investigated. No genetic workup was done. The
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current study was conducted as a hospital-based
study due to a lack of resources. As this was a cross-
sectional study, the association was found to lack a
temporal association between hypothyroidism and the
level of Vitamin D. Due to resource constraints, certain
important variables related to Vitamin D, such as
indoor versus outdoor physical activity, seasonal
changes and geographical coordinates, could not be
ascertained, which could have led to some biases. In
addition, it was not possible to identify whether or not
Vitamin D levels were affected by pathological
disorders such as non-alcoholic fatty liver disease.

CONCLUSION

In this study, clinical or overt hypothyroidism was
associated with considerably lower serum Vitamin D
levels than sub-clinical hypothyroidism. This study
indicates that patients with hypothyroidism suffer from
low serum levels of Vitamin D, which correlate with
TSH. These findings may suggest a potential role for
25-OH Vitamin D in the development of
hypothyroidism. This study recommends that patients
with hypothyroid disorders be regularly checked for
levels of Vitamin D and serum calcium. There may
be a rationale for the recommendation of Vitamin D
and calcium supplementation for hypothyroid patients.
Ongoing and future long-term randomized control
trials are required to determine the role of Vitamin D
in the pathogenesis of hypothyroidism.

Acknowledgment : NIL.

Funding : NIL.

Conflicts of Interest : The authors declare no
Conflicts of Interest.

REFERENCES

1 Chaker L, Razvi S, Bensenor IM, Azizi F, Pearce EN, Peeters
RP — Hypothyroidism. Nat Rev Dis Primers 2022; 8(1): 30.

2 D’Aurizio F, Villalta D, Metus P, Doretto P, Tozzoli R. Is vitamin
D a player or not in the pathophysiology of autoimmune thyroid
diseases? Autoimmun Rev 2015; 14(5): 363-9.

3 Wang J, Lv S, Chen G, Gao C, He J, Zhong H, et al — Meta-
analysis of the association between vitamin D and autoimmune
thyroid disease. Nutrients 2015; 7(4): 2485-98.

4 Shivakumar, Bhargavi SK, Prasad Naidu M — Study of Serum
Calcium, Magnesium and Phosphorous Levels in Hypothyroid-
ism. SIIB 2020; 3(2): 22-6.

5 Deluca HF — Evolution of our understanding of vitamin D.
Nutr Rev 2008; 66(10 Suppl 2): S73-87.

6 Holick MF, Chen TC— Vitamin D deficiency: a worldwide prob-
lem with health consequences. Am J Clin Nutr 2008; 87(4):
1080S-6S.

7 Musa IR, Gasim GI, Khan S, Ibrahim 1A, Abo-Alazm H, Adam |
— No Association between 25 (OH) Vitamin D Level And Hy-
pothyroidism among Females. Open Access Maced J Med Sci
2017; 5(2): 126-30.

8 Mackawy AMH, Al-ayed BM, Al-rashidi BM — Vitamin D Defi-
ciency and Its Association with Thyroid Disease. Int J Health
Sci (Qassim) 2013; 7(3): 267-75.

9 SharmaV, Gupta A, Showkat R — Vitamin D Deficiency & Low
Serum Calcium Levels in Hypothyroid Patient. International

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

Journal of Contemporary Medical Research, ISSN (Online):
2393-915X; (Print): 2454-7379 | ICV: 77.83, January 2018; 5(1).
Gupta A — Vitamin D deficiency in India: prevalence, causali-
ties and interventions. Nutrients 2014; 6(2): 729-75.

Holick MF — Vitamin D: extraskeletal health. Endocrinol Metab
Clin North Am 2010; 39(2): 381-400, table of contents.
Munger KL, Zhang SM, O’Reilly E, Hernan MA, Olek MJ, Willett
WC, et al — Vitamin D intake and incidence of multiple sclero-
sis. Neurology 2004; 62(1): 60-5.

Cutolo M, Otsa K — Review: vitamin D, immunity and lupus.
Lupus 2008; 17(1): 6-10.

Unal AD, Tarcin O, Parildar H, Cigerli O, Eroglu H, Demirag NG
— Vitamin D deficiency is related to thyroid antibodies in au-
toimmune thyroiditis. Cent Eur J Immunol 2014; 39(4): 493-7.
Amer AH, Chaudhari K, Trivedi R, Patel R — Study of the se-
rum levels of Vitamin d and Calcium ionized in thyroid disor-
ders. International Journal of Medical and Biomedical Studies
2019; 3(7): 93-9.

Ringe JD, Kipshoven C — Vitamin D-insufficiency.
Dermatoendocrinol 2012; 4(1): 72-80.

Fatourechi V — Subclinical Hypothyroidism: An Update for Pri-
mary Care Physicians. Mayo Clin Proc 2009; 84(1): 65-71.
Ke W, Sun T, Zhang Y, He L, Wu Q, Liu J, et al — 25-
Hydroxyvitamin D serum level in Hashimoto’s thyroiditis, but
not Graves' disease is relatively deficient. Endocr J 2017; 64(6):
581-7.

Ahi S, Dehdar MR, Hatami N — Vitamin D deficiency in non-
autoimmune hypothyroidism: a case-control study. BMC Endocr
Disord 2020; 20(1): 41.

Metwalley KA, Farghaly HS, Sherief T, Hussein A— Vitamin D
status in children and adolescents with autoimmune thyroiditis.
J Endocrinol Invest 2016; 39(7): 793-7.

Aktas HS — Vitamin B12 and Vitamin D Levels in Patients with
Autoimmune Hypothyroidism and Their Correlation with Anti-
Thyroid Peroxidase Antibodies. Med Princ Pract 2020; 29(4):
364-70.

Muhammad H, Ahmed I, Muhammad A, Laique T — Vitamin D
and Calcium Levels in Female Hypothyroid Patients Present-
ing to OPD in Sialkot: Cross Sectional Study. PIMHS 2021;
15(9): 2708-10.

Sinha R, Bhushan | — The Study of Serum Calcium and 25-
OH Vitamin D Levels in Newly Diagnosed Hypothyroid Patients.
Unnikrishnan AG, Kalra S, Sahay RK, Bantwal G, John M, Tewari
N — Prevalence of hypothyroidism in adults: An epidemiologi-
cal study in eight cities of India. Indian J Endocrinol Metab 2013;
17(4): 647-52.

Lohokare R, Gupta A, Jain A — A study of vitamin D levels in
hypothyroid patients, a case control study in a tertiary care hos-
pital of central India. National Journal of Medical and Dental
Research 2016; 4(2): 89-92.

Kim D — Low vitamin D status is associated with hypothyroid
Hashimoto’s thyroiditis. Hormones (Athens) 2016; 15(3): 385-93.
EIRawi HA, Ghanem NS, ElSayed NM, Ali HM, Rashed LA,
Mansour MM — Study of Vitamin D Level and Vitamin D Re-
ceptor Polymorphism in Hypothyroid Egyptian Patients. J Thy-
roid Res 2019; 2019: 3583250.

Talaei A, Ghorbani F, Asemi Z — The Effects of Vitamin D
Supplementation on Thyroid Function in Hypothyroid Patients:
A Randomized, Double-blind, Placebo-controlled Trial. Indian
J Endocrinol Metab 2018; 22(5): 584-8.

Sato K, Han DC, Fuijii Y, Tsushima T, Shizume K — Thyroid
hormone stimulates alkaline phosphatase activity in cultured rat
osteoblastic cells (ROS 17/2.8) through 3,5,3-triiodo-L-thyronine
nuclear receptors. Endocrinology 1987; 120(5): 1873-81.
Sridevi D, Dambal AA, Sidrah, ChallaAS, Padaki SK — A Study
of Serum Magnesium, Calcium and Phosphorus in Hypothy-
roidism. International Journal of Clinical Biochemistry and Re-
search 2021; 3(2): 236-9.



