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Abstract: Vitamin D is known to have a positive effect on bone health. Despite the greater frequency
of vitamin D deficiency in African Americans (AA), they have a higher bone mineral density (BMD)
compared to whites, demonstrating a disconnect between BMD and vitamin D levels in AA. Another
intriguing relationship seen in AA is the triglyceride (TG) paradox, an unusual phenomenon in which
a normal TG status is observed even when patients house conditions known to be characterized by
high TG levels, such as Type II diabetes. To the best of our knowledge, no study has examined whether
these two paradoxical relationships exist simultaneously in AA subjects with Type II diabetes. In this
study, we compared levels of blood markers, including HbA1c, TG, and vitamin D, measured as serum
25-hydroxyvitamin D [25(OH)VD] µM/mL, [25(OH)VD]/TG, calcium, and BMD in AA (n = 56) and
white (n = 26) subjects with Type II diabetes to see whether these relationships exist concurrently. We
found that AA subjects had significantly lower TG and [25(OH)VD] levels and a significantly higher
BMD status compared to white subjects, even when the ages, BMI, duration of diabetes, HbA1c, and
calcium levels were similar between the two groups. This demonstrates that these two paradoxical
relationships exist simultaneously in Type II diabetic AA subjects. In addition to these findings, we
discuss the current hypotheses in the literature that attempt to explain why these two intriguing
relationships exist. This review also discusses four novel hypotheses, such as altered circulating
levels and the potential role of estrogen and hydrogen sulfide on BMD and HMG-CoA reductase as a
possible contributor to the TG paradox in AA subjects. This manuscript demonstrates that there are
still many unanswered questions regarding these two paradoxical relationships and further research
is needed to determine why they exist and how they can be implemented to improve healthcare.

Keywords: 25(OH)VD (25-hydroxyvitamin D); VDBP (vitamin D binding protein); VE (vitamin
E); TG (triglycerides); BMD (bone mineral density); AA (African Americans); PTH (parathyroid
hormone); LPL (lipoprotein lipase); APO (apolipoprotein); HDL (high density lipoprotein); H2S
(hydrogen sulfide); CBS (cystathionine β-synthase); CSE (cystathionine-γ-lyase)

1. Introduction

A paradox is defined as a statement, proposition, or situation that seems self-contradictory
but upon further evaluation is found to possess some truth [1]. Vitamin D is a micronutri-
ent essential for bone health as it promotes calcium and phosphorus absorption, the main
components of hydroxyapatite, and its quantitation is widely used to determine the risk for
osteoporosis. Epidemiologic studies consistently show that African Americans (AA) have
a higher prevalence of vitamin D deficiency compared to whites [2–7]. However, AA are
known to have higher bone mineral density (BMD) compared to other races, demonstrating
a disconnect between bone health and vitamin D levels in AA [2,5,6,8,9]. Therefore, vitamin
D levels and bone health in AA present a paradox. In addition, another unexplainable
relationship seen in AA is the triglyceride (TG) paradox, an unusual phenomenon in which
AA consistently express a normal TG status even when they have conditions known to be
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characterized by high TG levels, such as Type II diabetes, insulin resistance, and cardio-
vascular disease [10–13]. In this study, we compared levels of blood markers, including
HbA1c, TG, and vitamin D, measured as serum 25-hydroxyvitamin D [25(OH)VD] uM/mL,
[25(OH)VD]/TG, calcium, and BMD in AA and white subjects with Type II diabetes to see
whether these relationships exist concurrently. To the best of our knowledge, no study has
examined whether these two paradoxical relationships exist simultaneously in AA subjects
with Type II diabetes, a condition known to be associated with decreased vitamin D and
BMD and increased TG levels [14–16].

Additionally, a review of the current hypotheses in the literature that attempt to explain
why these two intriguing relationships exist in AA is presented. We also discuss four
novel hypotheses regarding why these paradoxes might be present. Our first hypothesis
discusses whether there is a potential link between the vitamin D and TG paradoxes, and
that quantifying vitamin D as a ratio of serum vitamin D to total serum TG results in a better
correlation with BMD compared to using circulating levels of [25(OH)VD] per milliliter of
serum to assess vitamin D status. Next, we explain how the increased levels of estrogen,
a hormone that promotes bone maturation, in AA may explain why AA have increased
BMD compared to other races despite having diminished vitamin D status. Our third
hypothesis discusses the possible connection between hydrogen sulfide (H2S), vitamin D,
and adiponectin levels and how this may lead to an increased BMD status in AA. Lastly,
we mention how AA may have a certain HMG-CoA reductase gene variant that results in
decreased TG levels, thus leading to a possible explanation for the TG paradox.

2. Methods

The prior approval of the Louisiana State University (LSU) Institution Review Board
for Human Experimentation (IRB) was obtained on 11 January 2016 (protocol number:
H-09-073) before the start of subject enrollment in the study. A written consent form and
HIPPA form, approved by the IRB, were collected from each Type II diabetic patient aged
30–55 years. These subjects were asked to participate in this study while attending a regular
diabetes clinic for routine checkups. Subjects who participated in a prior clinical trial were
asked if they wanted to participate in the current study. AA and whites of both sexes were
invited to participate in this study. Exclusion criteria included if patients had a history
of cardiovascular disease, sickle cell disease, insulin treatment, or metabolic disorder,
including hypothyroidism and hyperthyroidism. Subjects with a history of cardiovascular
disease, sickle cell disease, insulin treatment, and metabolic disorders were excluded
because these disorders are known to impact lipid metabolism and may falsely influence
the outcome of the results. Women with a positive pregnancy test or those nursing infants
were also excluded, as were diabetic patients taking any herbal or vitamin supplement
were excluded. Similarly, subjects taking vitamin or herbal supplements were excluded to
avoid the influence of these on the outcome of the results. All subjects came to the clinic
between 8 A.M. and 10 A.M. This medical center is a charity hospital run by the State, and
our population generally has a low socioeconomic status and low literacy background. The
obesity incidence here is high in both the AA and white populations.

Blood was collected from study subjects after an overnight fast (8 h). EDTA tubes were
centrifuged to collect clear plasma, as described previously [17]. Blood EDTA tubes were
sent to the hematology laboratory for HbA1c analyses, and blood serum tubes were sent
to the clinical chemistry lab of LSU Health Sciences Center for chemistry profile analyses.
All plasma samples were stored at −80 ◦C. Plasma 25(OH)-vitamin D concentrations were
determined using the sandwich ELISA method with kits purchased from Thermo Fisher
Scientific Co. (Rockford, IL, USA). The company website has stated that the results of the
25-hydroxy-vitamin D assay using this ELISA kit are similar to the results obtained by
mass-spectrometry chromatography. All analyses were carried out in duplicate. Results
are expressed as µmole/mL plasma. The variability in duplicate assays was less than
7%. All controls and standards were used as specified by the manufacturer kit. Bone
mineral density (g/cm2) was measured at the lumbar spine (L1–L4) using dual-energy
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X-ray absorptiometry (DXA) and a LUNAR DPX densitometer. Statistical analyses between
the data in various groups were carried out using the Student’s T-test when equal variation
was present or Welch’s T-test when equal variance was not assumed with the Sigma Plot
statistical software 14.5 (Inpixon, Palo Alto, CA, USA). A two-tailed p-value less than 0.05
was considered significant.

3. Results

Table 1 provides subject demographics, including gender, age, BMI, duration of
diabetes, and levels of HbA1c, TG, [25(OH)VD], [25(OH)VD]/TG, BMD, and calcium in the
blood. The age, BMI, duration of diabetes, HbA1c, and calcium levels were similar between
the AA–diabetic subjects and Whites–diabetic subjects groups. The number of white
participants enrolled in this study was smaller relative to the African Americans because
of the similar ethnic demographics of the city population. The serum levels of TG and
25(OH)VD were significantly lower in AA compared to whites. Since hypertriglyceridemia
can be classified as mild (TG 150–199 mg/dL), high (TG 200–499 mg/dL), or very high
(TG > 500 mg/dL), the TG levels for AA in our study were within the normal range while
those for whites were on average in the high TG range [18,19], thus demonstrating the
presence of the TG paradox in AA. The vitamin D/BMD paradox was also observed,
as BMD levels were significantly higher in the AA group despite diminished levels of
25(OH)VD in these subjects. The 25(OH)VD levels, when expressed as a ratio of TG, were
higher in AA, but the differences were not statistically significant (p = 0.12). Further analysis
of the data after separating patients based on gender showed that AA females and white
females showed a similar trend in elevated TG, 25(OH)VD, and 25(OH)VD/TG ratio levels.
However, the number of male subjects in each group was limited and is, therefore, not
discussed here.

Table 1. Various blood biomarkers in African American (AA) and white Type 2 diabetic subjects.
Differences (mean ± SE) between values * vs. **, # vs. ##, and ˆ vs. ˆˆ are significant (p < 0.05).

AA White AA White AA White

Male + Female Female Male

n 56 26 43 20 13 6

Age (yrs) 48 ± 1.3 53 ± 1.5 47 ± 1.5 52 ± 1.9 48 ± 3.2ˆ 55 ± 0.8 ˆˆ

BMI (kg/m2) 37 ± 1.2 38 ± 2.1 38 ± 1.3 37 ± 2.2 31 ± 1.8 40 ± 6.1

Diabetes duration (yrs) 3.7 ± 0.4 4.7 ± 0.9 3.6 ± 0.5 4.2 ± 1.0 3.7 ± 1.0 6.4 ± 2.4

HbA1c (%) 7.9 ± 0.3 7.4 ± 0.3 7.8 ± 0.3 7.0 ± 0.2 8.3 ± 0.5 8.5 ± 0.8

Triglycerides(mg/dL) 135 ± 15 * 243 ± 32 ** 117 ± 7 # 242 ± 40 ## 196 ± 59 245 ± 53

25(OH)D (µM/mL) 15 ± 1.1 * 19 ± 1.9 ** 15 ± 1.4 # 20 ± 2.2 ## 15 ± 1.5 15 ± 3.6

25(OH)D/Triglycerides 14 ± 1.8 8.6 ± 1.0 13 ± 2.0 9.0 ± 1.2 16 ± 4.0 6.9 ± 1.4

L1-L4 BMD (g/cm2) 1.3 ± 0.0 * 1.2 ± 0.0 ** 1.3 ± 0.0 # 1.2 ± 0.0 ## 1.4 ± 0.0 ˆ 1.2 ± 0.0 ˆˆ

Calcium (mg/dL) 9.4 ± 0.1 9.2 ± 0.1 9.3 ± 0.0 9.3 ± 0.1 9.6 ± 0.1 ˆ 9.2 ± 0.1 ˆˆ

4. Discussion

In this cross-sectional study of Type II diabetics, we found that AA had a signifi-
cantly higher BMD, despite a more diminished vitamin D status, and significantly lower
triglyceride levels compared to the white group, meaning the two paradoxical relationships
commonly seen in AA were simultaneously present in this group of diabetic subjects. This
study provides further evidence of these two paradoxical phenomena in AA while also
providing possible explanations for them. In addition, our study is the first to show a
positive correlation between vitamin D and BMD in AA and white subjects when vitamin
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D status is quantified as a ratio of serum [25(OH)D] to total serum TG. We believe this
relationship may be due to a possible connection between these two paradoxes.

4.1. Rationale behind the Use of 25(OH)VD to Total Serum TG Ratio

Vitamin D is a lipophilic vitamin similar to vitamin E (VE). Clinical symptoms of
VE deficiency were originally obtained by assessing plasma or serum concentration of
VE as per ml serum [20–29]. However, it was concluded that this was not an accurate
assessment of VE status after multiple clinical studies found that the ratio of serum VE to
total serum lipids more accurately determined VE status and better predicted VE deficient
symptomology in patients [30–35]. This finding led to the ratio of VE to lipid being
used to clinically determine VE status [27–32,36–38] and also encouraged us to assess
whether or not 25(OH)VD to total TG ratio is a better method in assessing vitamin D
deficiency. Currently, vitamin D status is determined by quantifying circulating levels of
25(OH) vitamin D (25(OH)VD) per ml of serum or plasma [39–42]. To the authors’ best
knowledge, no previous study has examined if the ratio of serum 25(OH)VD to serum
lipids is more efficient in determining vitamin D status compared to the current method
and if the inverse relationship among vitamin D deficiency and high BMD in AA retires
when measuring vitamin D levels as this ratio described. The present study showed a
positive correlation between vitamin D and BMD in AA and white subjects when vitamin
D status was quantified as a ratio of serum [25(OH)D] to total serum TG. More studies are
needed to determine whether or not the vitamin D to total TG ratio could better correspond
with vitamin D deficient symptomology.

4.2. Brief Overview of Vitamin D Metabolism and Function

Vitamin D is a fat-soluble vitamin that is obtained through diet and sun exposure [43,44].
Vitamin D is difficult to obtain through diet due to the scarcity of foods that contain vitamin
D. As a result, humans get most of their vitamin D, approximately 80%, through sun
exposure [44]. Initially, vitamin D is synthesized as an inert precursor that undergoes two
hydroxylation steps to be converted to its biologically active form. The first hydroxylation
step occurs in the liver, where the inert form is converted to [25(OH)D], the major circulating
form of vitamin D, which was used to assess vitamin D status in the present study. The
second hydroxylation step occurs in the kidneys, where the molecule is converted into its
active form, 1,25-dihydroxyvitamin D, commonly known as calcitriol [43].

Vitamin D has several important roles in the body, including signaling processes,
expression and genetic responses, hormone protein synthesis, immune/inflammatory re-
sponses, and turnover and cell synthesis, including the most studied role in bone health [45].
Vitamin D acts in bone health via calcium and phosphorus metabolism [46] (Figure 1). To-
gether, calcium and phosphorus constitute hydroxyapatite, an important component of
bone [47]. More than 99% of the calcium in the body is found in bones and teeth, demon-
strating its importance in maintaining bone health [48]. Approximately 85% of phosphorus
is present in bone or teeth as hydroxyapatite, with the remaining 15% found in cells [49]. In
the presence of vitamin D, calcium is absorbed in the small intestine, predominantly the
ileum [50], and then distributed to the bones. When sufficient vitamin D levels are present,
roughly 30–40% of the calcium entering the body is absorbed. This value drops to roughly
10–15% when inadequate levels of vitamin D are present, leading to decreased calcium
levels in the bone [46,51]. Phosphorus, like calcium, also relies on vitamin D for absorption
from the GI tract. As a result, deficient vitamin D levels can lead to hypophosphatemia due
to decreased phosphorus absorption [49]. Parathyroid hormone (PTH), a peptide hormone
secreted by the parathyroid glands, also regulates calcium and phosphate levels by its
direct impact on vitamin D levels. PTH stimulates the synthesis of calcitriol, the active form
of vitamin D, in the kidneys, leading to increased absorption of calcium and phosphorus
(Figure 1). PTH levels are regulated through a negative feedback loop with calcium levels;
therefore, when calcium levels increase, PTH secretion is inhibited. Vitamin D also exerts
negative feedback on PTH [52].
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Figure 1. The biological process by which vitamin D is hydroxylated twice and converted into
1,25-dihydroxyvitamin D, resulting in increased calcium and phosphorus absorption.

4.3. Possible Explanations for the Vitamin D and BMD Paradox in AA

While the reasons for the vitamin D/BMD paradox in AA are still under debate,
several hypotheses exist.

4.3.1. Genetic Polymorphism and Vitamin D Binding Protein

Powe et al. concluded that although AA have lower levels of total vitamin D compared
to whites, it is likely that the two races still have similar concentrations of bioavailable
vitamin D due to a genetic polymorphism that results in decreased levels of vitamin D
binding protein (VDBP) in AA [53]. Their study assessed total and bioavailable levels of
vitamin D, VDBP and PTH levels, and BMD in AA (n = 1181) and whites (n = 904). Results
showed that both total vitamin D and VDBP levels were lower in AA than in whites, levels
of bioavailable vitamin D were similar between the two groups, and BMD was higher
in AA than in whites. The authors found that 79.4% of the difference in VDBP levels
between the two groups could be explained by a genetic polymorphism in the coding
region of the VDBP gene at rs7041 and rs4588. In another study, it was also concluded
that the measurement of bioavailable vitamin D is likely to be a more accurate way to
determine vitamin D activity than the measurement of total vitamin D levels [54]. These
two studies suggest that total vitamin D levels are not a reliable marker for detecting
vitamin D deficiency. This may explain why AA did not show signs of vitamin D deficiency,
such as low BMD, despite expressing decreased levels of total vitamin D [55–57]. However,
a study carried out in 164 AA and white subjects concluded that there was no advantage to
using free vs. total vitamin D levels to analyze vitamin D sufficiency and that no significant
difference in VDBP levels existed between the two ethnic groups [6]. Due to the scarcity of
studies and varying results, more convincing research is needed in this area before a strong
supporting argument can be made for this hypothesis.
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4.3.2. Optimal Vitamin D Levels

Wright et al. suggested that adequate vitamin D levels may be lower for AA compared
to whites [58]. The authors evaluated the relationship between vitamin D levels, measured
as serum [25(OH)D], and intact PTH in AA (n = 423) and whites (n = 1258). As stated
in the Introduction, vitamin D inhibits PTH secretion via a negative feedback loop. This
leads to a natural inverse relationship between vitamin D and PTH levels; for AA, the
inverse relationship only existed at serum vitamin D levels < 23 ng/mL, but for whites,
this relationship was present until vitamin D levels reached 32 ng/mL, demonstrating that
AA have a lower intact PTH threshold than whites. While opinions vary concerning what
the optimal vitamin D level should be, serum vitamin D levels of 30 ng/mL are normally
considered sufficient for bone health [59]. According to the study conducted by Wright
et al., [59] this value is much closer to the PTH threshold level of whites than that of AA.
These data suggest that optimal vitamin D levels may be different between AA and whites,
an assertion also made by Cauley et al. [60].

4.3.3. Skeletal Resistance to PTH

As stated previously, vitamin D exerts negative feedback on PTH secretion. Since
vitamin D levels are consistently lower in AA, this results in AA having higher PTH concen-
trations than whites [61]. Since PTH induces bone resorption by osteoclasts, theoretically,
AA should have a higher rate of bone breakdown and lower BMD than whites due to their
greater PTH levels [61]. However, studies have shown the opposite; AA seem to have
lower rates of bone resorption and increased rates of bone formation than whites [61–63]. A
possible explanation for this finding is that AA have decreased sensitivity to PTH-induced
bone resorption. In one study, 15 AA and 18 white pre-menopausal women were given
continuous PTH infusions for 24 h, after which markers of bone resorption were analyzed.
Results showed that whites had significantly higher markers of bone resorption than AA,
leading the authors to conclude that when compared to whites, AA have decreased sensi-
tivity to PTH [62]. Age difference has also been shown to influence PTH and vitamin D
levels; however, the age range of participants in the present study is likely not large enough
to affect our results [64].

4.3.4. Calcium Economy

Calcium plays an important role in bone health and there is evidence that increased
calcium absorption in AA during childhood and adolescence is the potential reason for
the disconnect between BMD and vitamin D levels. Higher levels of PTH in AA, which
is potentially an evolutionary phenomenon that resulted from adapting to life in the hot
and dry climate of Africa, leads to increased renal absorption of calcium, resulting in
decreased calcium excretion in the urine [2,56,65,66]. This increased calcium conversion
explains why, despite lower calcium intakes, AA can maintain their muscle mass during
maturity [65]. Bryant et al. reported a 57% higher rate of calcium retention in adolescent
AA girls when compared to white girls of the same age [67]. Another study concluded
that lower urinary calcium, due to increased calcium absorption, is the reason why AA
have a more positive calcium balance and accounts for the racial difference in BMD [68].
One study assessing racial differences in calcium metabolism in 89 AA (n = 38) and white
(n = 51) girls aged 4.9–16.7 years reported that the AA girls had significantly lower calcium
urinary excretion and a greater bone calcium deposition than white girls [69]. It is worth
noting that in our study, differences in calcium levels between whites and AA were not
significant; despite decreased levels of vitamin D, AA still had adequate calcium levels.
Together, these findings suggest that increased calcium absorption rates during childhood
and adolescence may account for the greater bone mass seen in AA.

4.4. Brief Overview of Triglyceride Metabolism and Function

Triglycerides, a type of lipid found in adipose tissue, consist of three fatty acids
bound to a single glycerol molecule (Figure 2). The primary function of triglycerides is
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energy storage; others include insulation, cushioning, and absorption of some vitamins [70].
After ingestion, triglycerides are hydrolyzed in the gastrointestinal tract, forming free
fatty acids and 2-monoacylglycerols. These components then enter enterocytes, where
they are reassembled into triglycerides and packaged into chylomicrons, one of the major
types of lipoproteins [71]. Chylomicrons then exit the enterocyte at the basolateral surface
and enter the lymphatic system downstream. After entering the systemic circulation and
having apolipoprotein (APO) CII attached, the chylomicron then activates lipoprotein
lipase (LPL), an enzyme that degrades triglycerides, resulting in the release of fatty acids
that can be used for energy or stored [72]. When there is decreased LPL activity, the result
is hypertriglyceridemia, a condition associated with adverse health outcomes [19].
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4.5. Possible Explanations for the Triglyceride Paradox in AA

Possible reasons for the TG paradox in AA focus mainly on factors that affect LPL
activity. Studies have shown AA to have increased LPL activity and to display similar
levels of visceral adipose tissue despite having a higher fat content compared to whites.
This results in AA having a greater concentration of high-density lipoprotein (HDL) and
a more cardioprotective lipoprotein lipid profile than whites [73,74]. Decreased levels of
apolipoprotein CIII, which inhibits LPL, have also been reported in AA [75]. Additionally,
insulin resistance seems to inhibit LPL activity in whites but not in AA [76]. In essence,
increased LPL activity in AA may explain the presence of the TG paradox (Figure 3).
Whether or not differences in the dietary pattern between AA and whites, such as meat
consumption, have a role in the TG paradox is not known and needs to be explored [66,77].
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4.6. Our First Novel Hypothesis: Could the Paradoxical Relationships Be Linked to Each Other?

Currently, vitamin D status is determined by assessing circulating levels of [25(OH)D]
per milliliter of serum or plasma [39–42]. To the best of our knowledge, no studies have
examined whether measuring the ratio of serum vitamin D to serum lipids is more efficient
in determining vitamin D status than the current method and whether the inverse rela-
tionship between vitamin D deficiency and high BMD in AA disappears when measuring
vitamin D levels as this ratio described. We observed that AA had a higher BMD compared
to whites but lower vitamin D levels when vitamin D status was quantified as [25(OH)D]
per milliliter of serum. However, AA did not show vitamin D deficiency when vitamin D
was expressed per TG. In addition, BMD levels correlated positively with vitamin D when
the vitamin D status was quantified as a ratio of TG (r = 0.29; p = 0.026). Therefore, we
hypothesize that vitamin D status is more accurately obtained when quantified as a ratio of
serum vitamin D to total serum TG, as we observed a positive correlation between vitamin
D and BMD when vitamin D is quantified in this manner. We believe our results may be
explained by the TG paradox seen in AA, which we believe is potentially linked to the
vitamin D/BMD paradox. A significant correlation between TG and VDBP has been shown
to exist [78,79]. Additionally, VDBP has been shown to correlate with levels of vitamin E
(VE), a fat-soluble vitamin that uses lipoproteins for transportation [79]. Multiple clinical
studies have also found that the ratio of serum VE to total serum lipids more accurately
determines VE status and better predicts VE deficient symptomology [30–35]. In a study
of 2085 subjects, Powe et al. found that AA have decreased levels of total vitamin D and
VDBP, resulting in adequate levels of bioavailable vitamin D, leading us to conclude that
the most likely reason for the vitamin D paradox in AA was inappropriate assessment of
vitamin D status [53]. These findings further support our novel hypothesis that the reason
for the adequate BMD status in AA is potentially due to a connection between the TG and
vitamin D/BMD paradoxes (Figure 4). In summary, the rationale for our hypothesis is that
as TG levels decrease due to the TG paradox, it is likely that VDBP decreases as well, given
their association. Decreased levels of VDBP result in normal levels of bioavailable vitamin
D, resulting in an adequate bioavailable vitamin D status for AA despite their total vitamin
D level being low. This differs from the traditional assessment of vitamin D status, which is
determined by assessing circulating levels of [25(OH)D] per milliliter of serum or plasma
because the current method ignores the role of VDBP, a molecule whose levels have been
shown to be influenced by TG levels as stated prior and shown in Figure 4. Using this ratio
that we describe to assess vitamin D status factors in the role VDBP exerts in determining
bioavailable vitamin D levels, thus explaining why this ratio is a potentially more accurate
measurement than the current method used.
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4.7. Our Second Novel Hypothesis: Could Racial Differences in Estrogen Levels Be Responsible for
the Vitamin D/BMD Paradox?

Estrogen is a hormone found in both males and females, with levels being higher in
females. Estrogen serves several important functions, including reproductive and bone
health. Estrogen exerts its effects on bone by activating osteoblasts, cells that produce new
bone by secreting collagen, while inhibiting osteoclasts, cells derived from the macrophage
lineage that break down bone. With menopause, estrogen levels decline in females, leading
to decreased bone mineral density via decreased osteoblast activity and increased osteoclast
activity, thus increasing one’s risk for osteoporosis [65,66].

Multiple studies have shown that AA have increased estrogen levels compared to
other races [67–70]; however, no studies have suggested this as a possible reason for the
vitamin D/BMD paradox. Another relationship worth mentioning is that between vitamin
D and estrogen. From a biochemical perspective, vitamin D and estrogen both belong to the
steroid family. Androgens are converted to estrogen by the aromatase enzyme (Figure 5).
Increased vitamin D levels have been linked to the downregulation of androgen synthesis,
leading to decreased estrogen levels [71,72]. Vitamin D has also been shown to inhibit
estrogen receptor alpha, leading to an attenuation of estrogen signaling [72]. Therefore,
one can expect that if vitamin D levels are decreased, this might lead to increased estrogen
synthesis, which could possibly explain the increased BMD status in vitamin D-deficient
individuals since estrogen exhibits an anabolic effect on bone (Figure 5). However, results
are conflicting, since other studies have reported either no relation or a positive correlation
between vitamin D and androgen or estrogen levels [73–75]. Androgen and estrogen
levels between the two groups in the present study were also not assessed. As a result,
further studies need to investigate this idea to see if increased estrogen levels in AA may
be responsible for the vitamin D/BMD paradox in this population.
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4.8. Our Third Novel Hypothesis: Could Racial Differences in Hydrogen Sulfide Levels Be a
Potential Factor in the Vitamin D/BMD Paradox?

Hydrogen sulfide (H2S) is a gasotransmitter that has been shown to play a central
role in various physiological processes and diseased states, including diabetes [80]. Two
main enzymes, cystathionine β-synthase (CBS) and cystathionine-γ-lyase (CSE), govern
the production of H2S. We have previously shown H2S levels to be decreased in AA [81];
other studies have also reported similar findings [82,83]. We have also shown vitamin D
supplementation to increase H2S status by upregulating CSE in monocytes, thus making us
believe that decreased H2S levels in AA may potentially be due to their diminished vitamin
D status since vitamin D and H2S levels are shown to parallel each other [81]. Adiponectin
is a hormone secreted by adipocytes that has been shown to stimulate osteoclast, resulting
in bone resorption and decreased BMD status [84–86]. We have previously reported a
positive correlation between adiponectin and H2S [87]. Together, this information leads
us to hypothesize that AA, having naturally decreased vitamin D and H2S levels, leads
to decreased adiponectin, resulting in increased BMD via decreased osteoclast activity
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(Figure 6). Hao et al. recently reported an inverse association between H2S levels and
bone health [88], thus providing further support for this hypothesis. However, reports of
opposite measures have also been reported [89–91]; as a result, more research needs to be
conducted on this topic to see if it potentially explains the vitamin D/BMD paradoxical
relationship.
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4.9. Our Fourth Novel Hypothesis: HMG-CoA Reductase as a Possible Contributor to the
Triglyceride Paradox

HMG-CoA reductase, primarily known for its role as the rate-limiting enzyme for
cholesterol biosynthesis, potentially houses a connection with the TG paradox that has not
been mentioned before. In 2009, Chen et al. conducted a prospective multi-ethnic cohort
study consisting of 2444 subjects. From their data, they concluded that AA had a certain
HMG-CoA reductase gene variant that resulted in decreased TG levels compared to other
races [92]. To the authors’ best knowledge, nobody has mentioned this as a possible reason
for the TG paradox. More studies should evaluate this idea and see if there is a possible
connection between this enzyme and the TG paradox.

4.10. Why Is Studying These Paradoxical Relationships Important?

While these paradoxical relationships may not seem important, ignoring them may
result in financial and health consequences for AA. Vitamin D supplementation among the
general population has surged over the last several decades [93,94]. With the paradoxical
relationship that exists between vitamin D levels and BMD, it is likely that AA showing
decreased vitamin D levels on a serum screening test may not need to be advised to
supplement with vitamin D to decrease their chance of fractures. Advising vitamin D
supplementation to AA who express a below-normal vitamin D status on serum screening,
based solely on the idea that it will enhance their bone health, may cause them to waste
money on a supplement they do not need. However, it should be mentioned that vitamin
D supplementation for all races can provide many other health benefits besides a potential
increase in bone health [2], meaning just because it might not be beneficial for improving
bone health in AA does not mean it should not be given.

Concerning the TG paradox, ignoring this may lead to the underdiagnosis of metabolic
syndrome in AA [10]. Although the exact definition and criteria for metabolic syndrome
have changed over the last 25 years [95], serum TG levels ≥ 150 mg/dL is one criterion
still used to diagnose metabolic syndrome [95–100]. Since AA experience this TG paradox,
it is likely that TG levels ≥ 150 mg/dL are not a reliable marker to use when trying
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to diagnose them with metabolic syndrome, especially when studies have shown that
insulin resistance is present in AA with TG levels < 150 mg/dL [101–104]. Based on these
data, it is possible that the TG diagnostic criteria used to diagnose metabolic syndrome
in AA needs to be changed. This may also explain the paradoxical relationship that
exists between the prevalence of metabolic syndrome and the occurrence of cardiovascular
disease and Type II diabetes in AA; compared to whites, AA have a higher incidence of
cardiovascular disease and Type II diabetes despite having a lower prevalence of metabolic
syndrome [10,101,105–107]. If future studies conclude that lowering the TG cutoff value
for diagnosing metabolic syndrome in AA is more accurate, this would likely cause a
direct increase in the number of AA with metabolic syndrome. This would then abolish
the unexplained inverse relationship currently seen when looking at the prevalence of
metabolic syndrome and the occurrence of cardiovascular disease and Type II diabetes
in AA.

5. Limitations of the Study

This manuscript discusses valuable and novel literature in the realm of an important
topic, but limitations do exist. One limitation of this study is the limited number of subjects
in each group. Another limitation is that the dietary patterns of the subjects in our study
were not assessed. Differences in dietary habits of AA and whites are important risk factors
for diabetes. Certain dietary behaviors, such as a high intake of red meat, have been
associated with Type II diabetes and increased TG levels [108,109]. Since dietary patterns
were not assessed, we are unable to say that the variance in the TG levels between the two
groups was not due to a difference in their diet. If further investigation of these subjects
revealed that whites ate more red meat and fatty foods than the AA group, then this may
explain why these white subjects had higher TG levels; however, AA on average eat the
most meat compared to other races, including whites, Hispanics, and East Asians [110]
and have more unhealthy eating habits compared to whites [111–114], so if we did assess
dietary patterns in these subjects, it is more probable that the AA group would have a
higher TG intake compared to the white subjects, though this cannot be said for certain.
Another limitation is the BMI of the subjects in our study. For both groups, the average BMI
was in the obese range (>30), which is not representative of the general population. Lastly,
while our novel hypotheses on H2S, estrogen, and HMG-CoA reductase as having potential
roles in these paradoxes are intriguing, none of these factors were assessed in our patients
to see if differences exist between the two groups. To control for the variables mentioned,
future studies should consist of a greater quantity of patients with an equal amount of
white and AA subjects and males and females but with various BMI levels. In addition,
the dietary patterns for all subjects must be similar enough to where any difference in
the results cannot be explained by a variance in diet. Each AA subject should also be
matched with a white subject that shares a similar BMI with them, as this would allow
us to see if BMI plays a role in these paradoxical relationships, and having different BMI
levels, and not just BMI levels in the obese category, would be more representative of the
general population. Studies assessing the levels of H2S and estrogen and the variant of
HMG-CoA reductase in the subjects should also be considered to see if these variables may
be responsible for these two paradoxical relationships, as mentioned previously.

6. Conclusions

In this study, we compared blood markers in AA and white subjects with Type II
diabetes and found paradoxical relationships to exist between vitamin D and BMD status
and TG levels in AA, thus providing increased evidence for the existence of these paradox-
ical relationships. To the best of our knowledge, this is the first study to simultaneously
examine these relationships in a single group of Type II diabetic subjects. In addition, a
review of the current hypotheses concerning why and whether these relationships exist
was conducted, and novel hypotheses of our own were added. We also explained how
ignoring one of these relationships might result in the underdiagnosis of metabolic syn-
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drome in AA. As a result, we advocate for changes to the diagnostic criteria of TG status for
metabolic syndrome in AA and explain that this can potentially provide a more accurate
clinical representation of metabolic syndrome in AA and help us understand the current
paradoxical relationship that exists between the prevalence of metabolic syndrome and the
occurrence of cardiovascular disease and Type II diabetes in AA. This study shows that
many unanswered questions remain with respect to these paradoxical relationships; further
research is required to determine why they exist, as understanding this can potentially lead
to advancements in clinical practice by allowing physicians to understand how vitamin D
levels may differ among different races which can enhance the accuracy of clinical assess-
ment and judgment of vitamin D status by considering people’s race. Future studies also
need to assess whether using the vitamin D to total TG ratio better relates to symptoms of
vitamin D deficiency compared to the current method used to determine vitamin D status.

Funding: This review article is supported by grants from NIH/NCCIH (5R33AT010637 and 3R33
AT010637-02S1)) and the Malcolm Feist Endowed Chair in Diabetes.

Acknowledgments: The authors thank Georgia Morgan for excellent editing.

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

References
1. Hofmann, B. The paradox of health care. Health Care Anal. 2001, 9, 369–386. [CrossRef] [PubMed]
2. Ames, B.N.; Grant, W.B.; Willett, W.C. Does the High Prevalence of Vitamin D Deficiency in African Americans Contribute to

Health Disparities? Nutrients 2021, 13, 499. [CrossRef] [PubMed]
3. Meltzer, D.O.; Best, T.J.; Zhang, H.; Vokes, T.; Arora, V.M.; Solway, J. Association of Vitamin D Levels, Race/Ethnicity, and Clinical

Characteristics With COVID-19 Test Results. JAMA Netw. Open 2021, 4, e214117. [CrossRef] [PubMed]
4. Varghese, S.B.; Benoit, J.; McIntyre, T. Vitamin D Levels in Ethnic Minority Adolescents in Primary Care. J. Pediatr. Health Care

2022, 36, 443–448. [CrossRef]
5. Qiu, S.; Divine, G.; Rao, S.D. Effect of vitamin D metabolites on bone histomorphometry in healthy black and white women: An

attempt to unravel the so-called vitamin D paradox in blacks. Bone Rep. 2023, 18, 101650. [CrossRef] [PubMed]
6. Brown, L.L.; Cohen, B.; Tabor, D.; Zappalà, G.; Maruvada, P.; Coates, P.M. The vitamin D paradox in Black Americans: A

systems-based approach to investigating clinical practice, research, and public health—Expert panel meeting report. BMC Proc.
2018, 12 (Suppl. 6), 6. [CrossRef] [PubMed]

7. Yellapragada, S.V.; Fillmore, N.R.; Frolov, A.; Zhou, Y.; Dev, P.; Yameen, H.; Ifeorah, C.; Do, N.V.; Brophy, M.T.; Munshi, N.C.
Vitamin D deficiency predicts for poor overall survival in white but not African American patients with multiple myeloma. Blood
Adv. 2020, 4, 1643–1646. [CrossRef]

8. Vieth, R. Weaker bones and white skin as adaptions to improve anthropological “fitness” for northern environments. Osteoporos.
Int. 2020, 31, 617–624. [CrossRef]

9. Shieh, A.; Aloia, J.F. Assessing Vitamin D Status in African Americans and the Influence of Vitamin D on Skeletal Health
Parameters. Endocrinol. Metab. Clin. North Am. 2017, 46, 135–152. [CrossRef]

10. Yu, S.S.; Castillo, D.C.; Courville, A.B.; Sumner, A.E. The triglyceride paradox in people of African descent. Metab. Syndr. Relat.
Disord. 2012, 10, 77–82. [CrossRef]

11. Goedecke, J.H. Expanding Our Understanding of the Triglyceride Paradox in Populations of African Ancestry. Circ. Res. 2020,
126, 109–111. [CrossRef]

12. Meeks, K.A.C.; Bentley, A.R.; Agyemang, C.; Galenkamp, H.; Born, B.-J.H.v.D.; Hanssen, N.M.; Doumatey, A.P.; Adeyemo, A.A.;
Rotimi, C.N. Ancestral and environmental patterns in the association between triglycerides and other cardiometabolic risk factors.
EBioMedicine 2023, 91, 104548. [CrossRef]

13. Bentley, A.R.; Rotimi, C.N. Interethnic Differences in Serum Lipids and Implications for Cardiometabolic Disease Risk in African
Ancestry Populations. Glob. Heart 2017, 12, 141–150. [CrossRef]

14. Gao, Y.; Chen, Z.; Ma, Z. Vitamin D is Positively Associated with Bone Mineral Density Muscle Mass and Negatively with Insulin
Resistance in Senile Diabetes Mellitus. Dis. Markers 2022, 2022, 9231408. [CrossRef]

15. Zhang, J.; Li, Y.; Lai, D.; Lu, D.; Lan, Z.; Kang, J.; Xu, Y.; Cai, S. Vitamin D Status Is Negatively Related to Insulin Resistance
and Bone Turnover in Chinese Non-Osteoporosis Patients With Type 2 Diabetes: A Retrospective Cross-Section Research. Front.
Public. Health 2021, 9, 727132. [CrossRef]

16. Tirosh, A.; Shai, I.; Bitzur, R.; Kochba, I.; Tekes-Manova, D.; Israeli, E.; Shochat, T.; Rudich, A. Changes in triglyceride levels over
time and risk of type 2 diabetes in young men. Diabetes Care 2008, 31, 2032–2037. [CrossRef]

https://doi.org/10.1023/A:1013854030699
https://www.ncbi.nlm.nih.gov/pubmed/11874253
https://doi.org/10.3390/nu13020499
https://www.ncbi.nlm.nih.gov/pubmed/33546262
https://doi.org/10.1001/jamanetworkopen.2021.4117
https://www.ncbi.nlm.nih.gov/pubmed/33739433
https://doi.org/10.1016/j.pedhc.2022.05.002
https://doi.org/10.1016/j.bonr.2022.101650
https://www.ncbi.nlm.nih.gov/pubmed/36588780
https://doi.org/10.1186/s12919-018-0102-4
https://www.ncbi.nlm.nih.gov/pubmed/30044889
https://doi.org/10.1182/bloodadvances.2019001411
https://doi.org/10.1007/s00198-019-05167-4
https://doi.org/10.1016/j.ecl.2016.09.006
https://doi.org/10.1089/met.2011.0108
https://doi.org/10.1161/CIRCRESAHA.119.316201
https://doi.org/10.1016/j.ebiom.2023.104548
https://doi.org/10.1016/j.gheart.2017.01.011
https://doi.org/10.1155/2022/9231408
https://doi.org/10.3389/fpubh.2021.727132
https://doi.org/10.2337/dc08-0825


Int. J. Mol. Sci. 2024, 25, 1305 13 of 16

17. Jain, S.K.; Kahlon, G.; Morehead, L.; Dhawan, R.; Lieblong, B.; Stapleton, T.; Caldito, G.; Hoeldtke, R.; Levine, S.N.; Bass, P.F. Effect
of chromium dinicocysteinate supplementation on circulating levels of insulin, TNF-alpha, oxidative stress, and insulin resistance
in type 2 diabetic subjects: Randomized, double-blind, placebo-controlled study. Mol. Nutr. Food Res. 2012, 56, 1333–1341.
[CrossRef]

18. Karanchi, H.; Muppidi, V.; Wyne, K. Hypertriglyceridemia; StatPearls: Treasure Island, FL, USA, 2023.
19. Rygiel, K. Hypertriglyceridemia—Common Causes, Prevention and Treatment Strategies. Curr. Cardiol. Rev. 2018, 14, 67–76.

[CrossRef]
20. Rychter, A.M.; Hryhorowicz, S.; Słomski, R.; Dobrowolska, A.; Krela-Kaźmierczak, I. Antioxidant effects of vitamin E and risk of
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