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Purpose: Clinical studies suggest that 25-hydroxyvitamin D (25[OH]D) deficiency plays

a pivotal role in both type 2 diabetes mellitus (T2DM) and cognitive impairment. However, it

is unclear if 25(OH)D deficiency could be a possible cause of cognitive impairment in

T2DM. Vitamin-D binding protein (VDBP) acts as a major 25(OH)D transporter. Preclinical

study has demonstrated improvement in cognitive function by VDBP via inhibiting synaptic

degeneration. The aim of the study was to assess the association between serum 25(OH)D,

VDBP and cognitive impairment in T2DM patients.

Patients and methods: In this case-control study, cognitive function was assessed using

the Mini-Mental State Examination (MMSE) and serum 25(OH)D and VDBP levels were

estimated using ELISA kits.

Results: A total of 88 subjects were included in the study. T2DM patients had lower serum

25(OH)D (p=0.02), VDBP levels (p=0.04) and MMSE scores (p<0.0001) than controls.

T2DM patients had higher prevalence of 25(OH)D deficiency and insufficiency, aOR

0.322 (0.128–0.809), p=0.016 and cognitive impairment, aOR 4.405 (1.617–12.002);

p=0.004. Cognitive impairment was associated with serum 25(OH)D, aOR 0.131

(0.027–0.638); p=0.014 and VDBP, aOR 1.008 (1.001–1.015), p=0.029. A general linear

model showed a significant association of MMSE with serum 25(OH)D (p=0.022).

Conclusion: Serum25(OH)Ddeficiency and cognitive impairmentwas higher in T2DMpatients.

Routine assessment of cognitive function is suggested to prevent further behavioral complications.

The association of VDBP and cognitive impairment in T2DM needs further exploration.

Keywords: hypovitaminosis D, Mini-Mental State Examination, vitamin-D insufficiency,

cognitive dysfunction

Introduction
Diabetes is a common and complex metabolic disease that can lead to end-organ damage

in almost all vital organs, including the brain.1 As shown by the International Diabetes

Federation, 451 million adults had diabetes in 2017, which is estimated to increase to

693million by 2045.2 A growing group of evidence suggests that type 2 diabetes mellitus

(T2DM) is associated with lower levels of cognitive function and may be a risk factor for

the development of mild cognitive impairment (MCI).3,4

Vitamin-D is an endogenously produced hormonewhich regulates calcium levels in

the body and maintains bone mineral density.5 Recent reports suggest the association of
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vitamin-D with cardiovascular diseases, cancer,6,7 multiple

sclerosis, hypertension7 and diabetes.6,7 Additionally, vita-

min-D has also been reported to affect glucose homeostasis6

and metabolism.8 Vitamin-D levels are most commonly

measured by serum 25-hydroxyvitamin D (25[OH]D)

concentration.5 Evidence suggests that 25(OH)D deficiency

may play a role in cognitive impairment in adults.3 Cross-

sectional studies conducted amongst the geriatric population

have revealed significant association between 25(OH)D defi-

ciency and cognitive dysfunction.5,9,10 In current studies 25

(OH)D deficiency has been found to be associated with

cognitive impairment. However, the involvement of 25

(OH)D deficiency in T2DM and cognitive impairment

needs to be explored.3

Vitamin-D binding protein (VDBP), also known as group-

specific component acts as a major 25(OH)D transporter.11,12

Even after ligand binding, 98–99% VDBP binding sites

remain unoccupied, which suggests a function beyond 25

(OH)D transport.12 Reports have suggested that VDBP has

been shown to scavenge actin.11,12 A retrospective, cross-

sectional study revealed that serumVDBP levels are decreased

in those with type 1 diabetes.12 Additionally, it has been

reported in a preclinical study that VDBP improves cognitive

function by inhibiting synaptic degeneration. Although,

VDBP has been found to be associated with AD and

MCI,13–16 association of VDBP and cognitive function in

T2DM patients has not yet been reported.

In view of the above, the present case-control study

was conducted to assess cognitive function in T2DM

patients. Additionally, another purpose of the present

study was to compare 25(OH)D and VDBP levels of

T2DM patients with that of healthy controls. Further, the

association between serum 25(OH)D, VDBP levels, and

cognitive function was also assessed.

Materials and methods
Subjects
This was a case-control study that recruited T2DM patients

and healthy controls. Men and women aged ≥19–≤65 years,

willing to give written informed consent were included.

Patients diagnosed with T2DM were included as cases.

Healthy subjects were included as controls. Patients with

T1DM, history of severe psychiatric disorders, taking any

substance of abuse, on psychotropic drug, complications of

diabetes (hypertension, amputation, blindness, renal insuffi-

ciency and dialysis), liver disease, renal disease, primary

hyperparathyroidism, cancer, HIV and obesity, taking

vitamin-D supplement, women who were pregnant or taking

oral contraceptive pills, and unwillingness to give written

informed consent were excluded. Healthy subjects taking

substance of abuse, vitamin-D supplements, obese and

unwilling to give written informed consent were excluded.

Overall, 116 consecutive subjects visiting Diabetic

clinics and Medicine OPDs were approached for participa-

tion. Cases and controls were matched by their demographic

characteristics. A total of 44 T2DM patients and 44 controls

aged ≥19–≤65 years, age- and sex- matched were included in

the study. The study was approved by the Jamia Hamdard

Institutional Ethics Committee. Written informed consent

was obtained from the participants.

Clinical data
A standard format was used for the documentation of

demographic and clinical data of the subjects. The recorded

data included age, height, weight, history of alcohol or

tobacco consumption, physical activity, dietary habits, sun

exposure, educational level, diabetes duration, current treat-

ment for diabetes and associated co-morbidities. Body mass

index (BMI) was calculated using the measured weight and

height for each subject. Fasting plasma glucose and HbA1c

were also recorded for cases. Available medical prescrip-

tions and laboratory reports of the healthy subjects obtained

through their health checkup were accessed to confirm their

eligibility for enrollment (Figure 1).

Serum 25(OH)D and VDBP analysis
A fasting 5-mL blood sample was collected from the sub-

jects. Samples were then centrifuged at 3000 rpm for 20

minutes to separate serum. Supernatant serum was divided

into aliquots and stored aseptically at −80°C until analysis.

Serum 25(OH)D and VDBP levels were quantified for each

40 μL of serum sample using a highly sensitive ELISA kit

(SHANGHAI YEHUA Biological Technology Co., Ltd.,

Shanghai, People's Republic of China), which measures

free 25(OH)D. Serum 25(OH)D deficiency and 25(OH)D

insufficiency have been defined as serum 25(OH)D level

<20 ng/mL and <30 ng/mL, respectively.17

Cognitive assessment
Cognitive function was assessed using the Mini-Mental State

Exam (MMSE) or HindiMental State Examination. Cognitive

assessment was performed on the day of sample collection of

the patient. The MMSE is a fully structured scale that consists

of 30 points grouped into seven categories: orientation to

place, orientation to time, registration, attention and
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concentration, recall, language, and visual construction. The

MMSE score ranges from 0 to 30, with higher scores indicat-

ing better performance.18 Scores from 24–30 indicate no cog-

nitive impairment, 18–23 indicate mild cognitive impairment,

and 0–17 indicate severe cognitive impairment.19

Statistical analysis
Data contained both continuous and categorical variables.

Therefore, quantitative variables are expressed as mean ±

standard deviation (SD). Normality of the continuous vari-

ables were tested by the Kolmogorov-Smirnov and Shapiro-

Wilk tests. Association between two continuous variables

were assessed by the Student’s t-test or Mann–Whitney

U test. χ2 and Fisher exact tests were used to compare

differences in the frequencies of categorical variables. The

variables which were found to have a p-value<0.2 were then

included in a binary logistic regression model to check for

further association. The odds ratio for insignificant results is

not shown in the results. A Generalised Logistic Model was

used to represent the relation between exposure and outcome

variables. For all statistical tests a two-sided p-value<0.05

was considered as the level of significance. All statistical

analyses were performed using IBM SPSS (version 22.0,

IBM Corporation, Armonk, NY, USA) software.

Based on previous literature in the Indian population,4 we

calculated sample size using the formula, n=(Zα/2+Zβ)
2 * 2*σ2/d2, with 90% power and 5% type one error-rate.

Where, σ2=population variance; d=difference between the

means; Zβ=power of the study=90%; and Zα/2=type one

error=5%. An estimated 56 individuals were required in the

study. We further assumed maximum 25% non-response rate.

So, we increased our sample size by 25%. Thus, aminimum of

35 subjects were estimated to need recruiting into each group.

Ethics
The study was conducted in agreement with the

Declaration of Helsinki and approved by Jamia Hamdard

Institutional Ethics Committee.

116 subjects screened:  

58 type 2 diabetic patients  

58 healthy controls 

A total of 88 subjects (44 each of 
case and control) meeting the study 
requirement were enrolled in the 
study. 

Subjects excluded: n=28 

Co-morbidity/complication (n=7) 

Taking vitamin D supplementation 
(n=4) 

Taking substance of abuse (n=11) 

Unwilling to participate (n=6) 

Personal interview (age, 
height, weight, physical 
activity, dietary habits, 
sun exposure, educational 
level). 

Blood sampling (5 ml 
of blood was 
withdrawn for 
biochemical analysis). 

Medical prescriptions and 
laboratory reports 
(diabetes duration, current 
treatment for diabetes and 
co-morbidities).
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Figure 1 Flow diagram of patient flow in the study.
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Results
Baseline characteristics
A total of 88 subjects were included. The study comprised

two groups: cases (patients diagnosed with T2DM) and

controls (healthy individuals). Thus, 44 subjects in each

group were included, of which 39 (44.32%) were females

and 49 (55.68%) were males. The socio-demographic

characteristics of study participants are shown in Table 1.

Assessment of cognitive function
The mean MMSE score for cases (23.73±3.32) was signifi-

cantly lower as compared to controls (28.32±2.64),

p<0.0001. Additionally, the prevalence of cognitive impair-

ment was significantly higher in cases, 17 (38.64%) than in

controls, 7 (15.91%) (Figure 2), aOR 4.405 (1.617–12.002);

p=0.004 (Table 2). The risk associated with the prevalence

of cognitive impairment was 3.328 (1.121–9.141) among

cases than in controls. Cognitive function was found to be

associated with education (aOR 0.123, 95% CI 0.023–0.667;

p<0.015). No association was found with duration of dis-

ease, FPG and HbA1c, in cases. Association of various

parameters with MMSE scores is represented in Table 3.

Assessment of serum 25(OH)D levels
Serum 25(OH)D levels were significantly lower in cases

(23.09±13.06 ng/mL) compared to the healthy controls

(32.12±21.18 ng/mL), p=0.02. The prevalence of 25(OH)

D insufficiency was significantly higher in cases (34

[77.3%]) than in controls (23 [52.3%]), aOR 0.322

(0.128–0.809), p=0.016 (Table 2). Serum 25(OH)D levels

were lower in women (21.49±11.28) than in men (24.56

±14.60), although the difference did not reach statistical

significance (p=0.27). Serum 25(OH)D inversely corre-

lated with age (OR 0.871, 95% CI 0.77–0.99; p=0.04).

Table 1 Demographic data of cases and controls

Characteristic Cases (n=44) Control (n=44)

Age (years) 45.70±7.53 44.91±6.05

Sex

Female 21 (47.7) 18 (40.9)

Male 23 (52.3) 26 (59.1)

BMI (kg/m2) 26.1±2.51 25.33±2.91

Education

Educated 33 (75) 38 (86.4)

Uneducated 11 (25) 6 (13.6)

Employment

Employed 26 (59.1) 30 (68.2)

Unemployed 18 (40.9) 14 (31.8)

Exercise (hours/day) 0.4±0.65 0.28±0.41

Diet

Vegetarian 9 (20.5) 6 (13.6)

Non-vegetarian 35 (79.5) 38 (86.4)

Sun exposure (hours/day) 0.97±1.65 0.57±0.759

FPG (mg/dL) 193.48±84.04 97.53±8.68**

Duration of diabetes (years) 5.42±5.36

HbA1c (%) 9.05±2.47

Diabetes treatment

Oral hypoglycemic 36 (81.81)

Insulin 8 (18.18)

Notes: **p<0.0001. Data presented as mean ± SD or n (%)

Abbreviations: n, number; BMI, body mass index; FPG, fasting plasma glucose; HbA1c, glycated hemoglobin.
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Assessment of VDBP levels
Serum VDBP level was significantly lower in cases

(236.35±117.12) as compared to controls (282.30

±129.85), p=0.04. Serum VDBP levels were found to be

significantly associated with BMI (r=0.409; p=0.006), in

cases. No association was found between VDBP levels

and other clinical parameters.

Association of serum 25(OH)D level and

cognitive function
A positive association was found between serum 25(OH)D

levels and MMSE scores in cases, p=0.022 (Figure 3).

Serum 25(OH)D was significantly associated with cognitive

impairment, aOR 0.131(0.027–0.638); p=0.014 (Table 3).

Association of VDBP levels and cognitive

function
VDBP levels were significantly associated withMMSE scores

in cases, aOR 1.012 (1.003–1.022), p=0.01. Additionally,

VDBP levels were significantly lower in cases with cognitive

impairment (176.38±64.34) than in cases without cognitive

impairment (274.10±127.70), p=0.01.

Discussion
The diverse effects of vitamin-D on calcium homeostasis

and glucose levels have evoked an interest in investigating

its role in T2DM patients.20 Several clinical reports have

demonstrated the association of 25(OH)D deficiency and

T2DM, paradoxically, some reports contradict the same.

Interestingly, supplementation with vitamin-D has been

reported to improve homeostasis, insulin resistance, and

glucose levels. Thus, we investigated serum 25(OH)D

levels in our study in order to unveil the exact association

with T2DM.6 In the present study, we observed that serum

25(OH)D levels were significantly lower in cases as com-

pared to controls. Additionally, patients with diabetes had

higher prevalence of 25(OH)D insufficiency as compared to

healthy subjects. Our results are in consensus with similar

case-control studies demonstrating lower serum 25(OH)D

concentrations in cases patients compared with the

controls.7,21,22 Further, a cross-sectional clinical study sug-

gested an inverse association between the serum concentra-

tion of 25(OH)D3 and the odds of newly diagnosed T2DM,

thereby showing a protective role of vitamin-D against the

development of diabetes.23 Thus, the results of the present

study are in agreement with previous findings and postulate

that 25(OH)D deficiency may have an impact on T2DM.

Several mechanisms have been suggested regarding the

association of low 25(OH)D concentrations with T2DM. The

effect of 25(OH)D on diabetes may be mediated through

effects on glucose homeostasis, b-cell function, and insulin

secretion.7,8,23 Serum 25(OH)D may affect the pancreatic

beta-cell function via binding of circulating 1,25-

dihydroxyvitamin-D to the beta-cell vitamin-D receptor.

Activation of 25(OH)D by 1-alpha-hydroxylase, expressed

in beta cells may also be involved. Enhancement of insulin

sensitivity may be mediated by stimulation of expression of

insulin receptors and/or by activating peroxisome proliferator-

activated receptor, a transcription factor associated with the

*
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Figure 2 Prevalence of cognitive impairment in controls and cases.
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Table 2 Association of variables among cases and controls

Variable Cases (n=44) Controls (n=44) Crude OR p-value Adjusted OR* p-value

Vitamin D deficiency 34 (77.3) 23 (52.3) 0.400 [0.144–1.112] 0.079 0.322 [0.128–0.809] 0.016

Vitamin D sufficiency 10 (22.7) 21 (47.7) 1 1

Cognitive impairment 17 (38.6) 7 (15.9) 5.810 [1.408–23.904] 0.015 4.405 [1.617–12.002] 0.004

No cognitive impairment 27 (61.4) 37 (84.1) 1 1

VDBP 1.003 [0.999–1.007] 0.350 1.003 [0.999–1.007] 0.051

Note: Data presented as n (%). *Adjusted for age, gender, employment status, education, HbA1c, sun-exposure, exercise, diet.

Abbreviations: n, number; VDBP, vitamin-D binding protein.
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fatty acid metabolism in skeletal muscle and adipose tissue. 25

(OH)D may also affect insulin secretion and sensitivity indir-

ectly via its role in regulating extracellular calcium concentra-

tion and flux through cell membranes in the beta cell and

peripheral.4 Since 25(OH)D has anti-inflammatory7,22,24 and

immunoregulatory effects, it can ameliorate low-grade chronic

inflammation bymodulating the generation of cytokines, asso-

ciated with systemic inflammation in T2DM.7

In the present study, subjects with T2DM had lower

MMSE scores than those without T2DM. Low MMSE

scores were found to be associated with lower education.

The MMSE scores were not associated with HbA1c levels

and duration of disease. These findings are supported by

similar case-control studies demonstrating lower MMSE

score in patients with diabetes than in controls.4,25

Previous studies have suggested that hypovitaminosis D is

related to cognitive impairment.3 Cross-sectional studies on

older adults have shown a positive association between 25

(OH)D deficiency and cognitive impairment.9,26,27 Another

cross-sectional study on adults demonstrated that low 25

(OH)D level is associated with greater risk of cognitive

impairment.5 However, little is known about the association

of 25(OH)D and cognitive function in T2DM patients. The

present study demonstrated a significant inverse association

of serum 25(OH)D levels and cognitive impairment. Similar

to our results, a cross-sectional study reported an inverse

association of 25(OH)D and cognitive impairment in T2DM

patients.3 A community-based cohort study revealed an

association of low plasma 25(OH)D levels with greater

odds of cognitive impairment in older adults.9 Moreover,

a retrospective study including patients with mild stage of

Alzheimer’s disease (AD) revealed slower progression to
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severe stages of AD, in subjects treated with vitamin-D

compared with those without treatment.28 Hydroxylases

for activation of vitamin-D and VDR have been detected

in brain regions responsible for cognition and memory, thus,

suggesting the role of vitamin-D in cognition.10 The binding

of 1,25-(OH)2D3 on VDR triggers protective mechanisms

against degenerative processes implicated in AD.3 There is

a robust evidence that vitamin-D contributes to

neuroprotection7,10,17 by modulating the production of

nerve growth, decreasing L-type calcium channel

expression,7,17 regulating the toxicity of reactive oxygen

species,3,17 and neurotrophic factors such as nerve growth

factor, glial cell-derived neurotrophic factor,17 nitric oxide

synthase and increasing glutathione levels.3 In in vitro mod-

els, vitamin-D reduces the accumulation of amyloid β-42
(Aβ) by stimulating Aβ phagocytosis and clearance while

protecting against apoptosis.17 The present study did not

find any association between 25(OH)D levels and MMSE

scores healthy controls. As in our study, many studies

performed in younger adults found no association between

25(OH)D levels and cognition. A prospective cohort study

including late middle age adults did not find significant

associations between 25(OH)D and cognitive test scores.29

Another cross-sectional study found that none of the psy-

chometric measures were associated with 25(OH)D levels

in the adult groups. However, the elderly group had

a significant difference between 25(OH)D quintiles perfor-

mance on a learning and memory task.30 Moreover, reports

from The Tromso Study indicate that the levels of 25(OH)D

seem to be predictive of cognitive outcome in older indivi-

duals only.31

Vitamin-D binding protein (VDBP) acts as a major protein

carrier for serum 25(OH)D and activated vitamin-D.7,32 It has

been considered to be the main determinant of 25(OH)

D levels. Thus, measuring VDBP is likely to unveil the causal

pathway between 25(OH)D and T2DM.32 Therefore, the pre-

sent study assessed VDBP levels in order to correlate its

association with cognitive functions and T2DM. The present

study demonstrated significantly lower levels of VDBP in

patients with diabetes as compared to healthy controls. This

finding is in line with previous literature. A similar case

control study found significantly lower levels of VDBP in

patients with diabetes as compared to controls.33

A retrospective, cross-sectional, cases-control study on

T1DM patients revealed significantly lower serum VDBP

levels in T1DM patients as compared to the controls.12 In

addition, another case-control study demonstrated decreased

serum VDBP levels in T2DM patients with normal

albuminuria than in controls, however the difference was

insignificant.34 Elevated urinary loss of VDBP12,33 and

decreased reabsorption in proximal tubule by megalin/

Dab233 have been suggested to cause lower blood levels of

VDBP and vitamin-D in patients with diabetes. Furthermore,

high glucose has been demonstrated to downregulate VDBP,

signifying that uncontrolled glycemia may contribute to lower

VDBP and vitamin-D levels in diabetes.33 Additionally,

VDBP concentrations have been demonstrated to be inversely

associated with hyperinsulinemia and insulin resistance.35

In the present study, a significant correlation was found

between the levels of VDBP and cognitive functions

among the T2DM patients. Our results indicated signifi-

cantly lower levels of VDBP in cases with cognitive

impairment. The role of VDBP on cognition is both scarce

and inconsistent. VDBP has been shown to reduce Aβ
aggregation in vitro, using thioflavin T fluorescence

assay. In addition, DBP has also been demonstrated to

prevent Aβ-mediated death in cultured mouse hippocam-

pal HT22 cell line. Furthermore, DBP has been found to

decrease Aβ-induced synaptic loss in the hippocampus and

rescued memory deficits in mice after injection of Aβ into

the lateral ventricle.11 Moreover, in a case-control study,

VDBP levels were found to be significantly lower in MCI

subjects than in AD subjects and controls.13 These results

suggest protective effect of DBP against Aβ by direct

interaction, indicating that DBP might be a promising

therapeutic agent for the treatment of AD.11

Our study had several limitations that need to be men-

tioned. Some of the data such as, duration of T2DM,

education status and family history were self-reported or

were obtained from patient’s medical records. This could

have led to recall bias. Next, as this was a case-control,

cross sectional study, no causal relationship can be

inferred. Lastly, the sample size was small which might

not represent all T2DM patients.

Our study indicates T2DM patients are at higher risk of

having hypovitaminosis D as compared to their healthy

counterparts. Additionally, cognitive function of T2DM

patients is poorer than in healthy people. Moreover, 25

(OH)D deficiency is associated with poorer cognitive func-

tion. Therefore, frequent assessment of cognitive function is

recommended to prevent and restrict any further decline in

cognitive function. Additionally, assessment of vitamin-D is

advised in T2DM patients. The present study also suggests

that lower VDBP levels have an adverse effect on cognitive

function in T2DM patients. However, further studies are

warranted to conclude its mechanism in diabetes and its
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associated comorbidities. Besides, prospective studies with

large sample sizes need to be conducted to further elucidate

the association of vitamin-D, VDBP and cognitive function

in T2DM patients.
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