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ABSTRACT

1. INTRODUCTION

This study explores the relationship of 25-hydroxylvitamin D blood levels in 106 randomly selected patient files with diagnosed type 2 Diabetes Mellitus
(t2DM) who enrolled in a functional medicine diabetes reversal program from a chiropractic clinic located in Annapolis, Maryland, USA. Using a conservative recommendation for normal serum 25-hydroxyvitamin D concentration of 32 ng/ml, insufficiency level of 20 - 30 ng/ml, and deficiency level < 20
ng/ml, 21% (22/106) of our population were normal,
39% (41/106) were insufficient, and alarmingly, 35%
(37/106) were outright deficient. Clinically, 74% (78/
106) of our entire sample had significantly low vitamin D levels. Ou et al. (2011) determined the optimal
concentration of serum 25OHD to be 40 ng/ml in order to optimize insulin sensitivity. In our sample 100/
106 (94%) had vitamin D levels at or below this optimal cut-off level. BMI was negatively correlated with
vitamin D; that is, the greater the BMI of the patient
the less their vitamin D level. Both obesity and hypovitaminosis D are each mutually exclusive predictors for t2DM. Obesity and vitamin D deficiency may
work synergistically to propel an individual into the
diseased state of t2DM. As this study demonstrates
that the majority of people with t2DM suffer from
inadequate amounts of vitamin D, vitamin D testing
should be routine for all people at risk for t2DM, prediabetics and those currently suffering with t2DM in
order to elevate levels sufficiently to improve insulin
sensitivity and improve long-term outcomes.

Vitamin D was originally misclassified as merely a vitamin when indeed it is a hormone and involved in a
plethora of physiological processes. Its insufficiency or
outright deficiency is implicated in not only bone fractures and osteoporosis but also numerous serious and
often fatal diseases, including many cancers, infectious
diseases, heart disease, autoimmune and metabolic diseases including type 2 Diabetes Mellitus (t2DM).
Vitamin D status has been verified to be inversely associated with future risks of t2DM [1]. Vitamin D status
in t2DM patients is associated with glucose and lipid
parameters [2]. This study explores the relationship of
vitamin D blood levels in those with diagnosed t2DM
upon first presentation to a functional medicine diabetes
reversal program.

Keywords: Diabetes Mellitus; BMI; Vitamin D;
Deficiency; Insufficiency; Functional Medicine

Initial consultation and examination involved the routine
assessment of serum 25-hydroxy vitamin D concentra-
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2. METHODS
2.1. Subjects
106 t2DM patients were randomly selected out of the
files of a functional medicine and chiropractic clinic located in Annapolis, Maryland, USA. Sixty of the subjects
were Black, 41 were Caucasian, and 5 were Asian.
The patients had presented to the office for enrolment
into a t2DM reversal program during the years 20112012. All patients had been previously diagnosed with
t2DM by an MD or Endocrinologist and were taking
either oral medication for glucose control or by injecting
insulin.

2.2. Parameters Investigated
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tion (ng/ml). This was referred out to a local blood lab.
Vitamin D blood levels were investigated for differences
in gender, height, weight, BMI, race and age and also
how these population averages compare to “normal”
(32 ng/ml) [3], “insufficient” (20 - 30 ng/ml) [4] and
“deficient” (<20 ng/ml) [4,5] values.

3. RESULTS
The 106 patient files review consisted of 61 females and
45 males (Table 1). The average age was 58.6 (±9.3)
years, height was 171.2 cm (±9.7), weight was 95.5 kg
(±20.0), and BMI was 32.6 (±6.2). The average serum
25-hydroxy vitamin D concentration was 24.5 ng/ml
(±9.2). Twenty-one percent, 39% and 35% of the sample
fell into categories of normal (32 ng/ml), insufficient
(20 - 30 ng/ml), and deficient (<20 ng/ml), respectively.
Two-way analysis of variance as a function of race
and gender displayed only statistically significant gender
differences. As there were few Asians in our sample (n =
5), only Blacks and Caucasians were considered for racial difference. There were no statistically significant
differences in vitamin D between race (F = 1.59, p = 0.21)
nor was there a gender by race interaction. In other
words there was no differential gender effect between the
races. When height is covaried; that is, the correlation
between vitamin D levels and height is first removed,
there is still no emergence of racial differences or racial
by sex interactions.
To discern potential hidden variables, partial correlations were completed. Vitamin D levels were significantly correlated negatively with BMI (rho = −0.21, p <
0.05) (Figure 1) and positively correlated with height
(rho = 0.25, p < 0.05) (Figure 2).
Since gender was the only primary and persistent statistically significant effect, one-way analyses were completed for each variable. Only height and BMI were significant statistically, where males were taller (F = 34.9, p
< 0.01) and had a greater BMI (F = 5.9, p < 0.05).

4. DISCUSSION
We explored the relationship of serum 25-hydroxyvitaTable 1. Mean, standard deviation, minimum, and maximum
values for age (years), height (cm), weight (kg), BMI (kg/m2),
and serum 25-hydroxyvitamin D concentration (d level: ng/ml).
Variable

Mean

Std. Dev.

Minimum

Maximum

Age (yrs)

58.6

9.3

35.0

80.0

Height (cm)

171.2

9.7

147.3

195.6

Weight (kg)

95.5

20.0

58.5

150.6

2

BMI (kg/m )

32.6

6.2

21.8

53.6

d level (ng/ml)

24.5

9.2

7.0

45.5
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Figure 1. Body mass index (kg/m2) vs serum 25-hydroxyvitamin D concentration (ng/ml) were significantly correlated rho
= −0.21, p < 0.05.

Figure 2. Height (cm) vs serum 25-hydroxyvitamin D concentration (ng/ml) were significantly correlated rho = 0.25, p < 0.05.

min D concentrations in a random sample of 106 t2DM
patients who presented to a functional medicine diabetes
reversal program during the years 2011 and 2012 from a
clinic located in Annapolis, Maryland, USA. All the patients had been diagnosed with adult onset, type 2 Diabetes Mellitus by either their primary medical doctor or
an endocrinologist.
A conservative recommendation for serum 25-hydroxyvitamin D concentration is 32 ng/ml [3]. Our sample average was well below this level, in fact, only 22/
106 (21%) had healthy levels. Thirty nine percent of the
sample (41/106) were “insufficient”, and alarmingly, one
third were outright “deficient” 37/106 (35%). Thus, overall 74% (78/106) of our entire sample had clinically significantly low vitamin D levels.
Although there may be debate as to an actual single
optimal vitamin D level, if we consider a normal “functional” range between 30 to 74 ng/ml, (suppose an average of 52 ng/ml; SD = 11), relative to this our population
would be 2.75 Standard deviations below the normal
mean level. These results coincide with the findings of
others finding very low vitamin D levels in groups of
diabetic patients [6-8].
Considering vitamin D deficiency increases the risk of
all-cause and cardiovascular mortality in t2DM patients
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[9], this is very concerning. Further, Annapolis, MD is
located at 38˚ latitude, it is alarming to consider the
blood levels of vitamin D in other t2DM patients living
northward and into Canada as latitude effects on vitamin
D status is a well known phenomenon [10].
Our results and others demonstrate that serum vitamin
D levels in t2DM patients are typically low. Vitamin D
has been shown in research to play an important role in
insulin resistance as well as impaired beta cell function,
the main issues with t2DM [11].
Hypovitaminosis D has long been suspected as a risk
factor for glucose intolerance [12]. Once theorized that
glucose tolerance could adversely affect insulin sensitivity and beta-cell function [13], this was directly proven
by Chiu et al. [12] in 126 glucose-tolerant subjects.
Therefore, the rationale for supplementation of vitamin D for t2DM patients is substantiated. Vitamin D
supplementation has been proven to reduce the risk of
developing the disease [14], as well as to reverse the
disease state altogether [15-17].
The mechanisms underlying the improvements in
glucose tolerance are less understood, but are thought to
be due to vitamin D’s effects on both insulin production
and sensitivity [12,18]. More specifically, the mechanisms underlying improved glucose response to vitamin
D may lie in potential relationships with improvements
in lean mass, regulation of insulin release, altered insulin
receptor expression and specific effects on insulin action
[19].
There were no racial differences between the Caucasian and black samples as may be expected [20,21]. This
is undoubtedly due to the fact that our entire sample of
t2DM patients had very low levels of vitamin D (mean
24 ng/ml), and as discussed this very population typically
has low levels despite racial orientation.
It was determined that the taller the patient, the greater
the vitamin D levels in our sample (rho = 0.25, p < 0.05).
Height is not expected to correlate to vitamin D status for
any rationale reason and because of this, we assume that
although statistically significant, this is merely a coincidental finding in our particular sample.
Our sample did not demonstrate any significant age
and vitamin D level association. Age, however would be
expected to negatively correlate with vitamin D status
since older individuals are less efficient at producing
vitamin D in sunlight as opposed to younger individuals
as well as the fact that older individuals kidneys are less
able to convert vitamin D into its active form [22].
BMI was negatively correlated with vitamin D (rho =
−0.21, p < 0.05); that is, the greater the BMI of the patient the less their vitamin D level. Both obesity and hypovitaminosis D are each mutually exclusive predictors
for t2DM [23,24]. Further each has an exacerbated effect on the other. Gonzalez-Molero et al. (2013) [23] for
Copyright © 2013 SciRes.

example, determined that subjects with vitamin D deficiency were significantly associated with developing obesity within the next four years. Alternatively, those who
are obese have greater requirements for vitamin D [24].
Obesity and vitamin D deficiency may work synergistically to propel an individual into the diseased state of
t2DM. The average BMI in our sample was 32.6 (6.2),
which by definition is on average, an obese group (BMI
> 30). The average vitamin D level in our group was 24.5
ng/ml (9.2), very clinically low.
Ou et al. (2011) [24] determined the optimal concentration of serum 25OHD to be 40 ng/ml in order to optimize insulin sensitivity. In our sample 100/106 (94%)
had vitamin D levels at or below this optimal cut-off
level.
Because the overweight and obese with hypovitaminosis D may benefit more than normal weight subjects,
the use of vitamin D supplementation as first-line treatment would be logical. In fact, it has been determined
that an increase in vitamin D serum levels from 10 to 30
ng/ml increases insulin sensitivity by 60% [12]. As Chiu
et al. [12] note, a 60% improvement in insulin sensitivity
is more potent than the medications of troglitazone (54%
improvement [25]) and metformin (13% improvement
[25]).
As this study demonstrates that the majority of people
with t2DM suffer from inadequate amounts of vitamin D,
vitamin D testing should be routine for all people at risk
for t2DM, pre-diabetics and those currently suffering
with t2DM in order to elevate levels sufficiently to improve insulin sensitivity and improve long-term outcomes [15-18,26].
It should be no surprise that those at risk for diabetes
are the same as those at risk for low vitamin D including
the elderly, those living indoors, dressing in a covered-up
style, dark-skinned individuals, and the obese [22,27].
The evidence has become overwhelming for the safe,
cost-effective addition for vitamin D supplementation as
a first line approach in the treatment and management of
type 2 diabetes. Large scale, well-controlled clinical trials assessing the effects of vitamin D treatment in this
disorder are overdue and warranted.

5. CONCLUSION
Type 2 Diabetes Mellitus patients typically have low
vitamin D serum levels that perpetuate and worsen
patient outcomes. Large scale, well-controlled clinical
trials assessing the effects of vitamin D treatment in this
disorder are overdue and warranted.
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