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Abstract
Background: To report the association of serum 25-hydroxyvitamin D [25(OH)D] and its association with adipokines
and cardiometabolic risk factors in Haitian Americans (HA) and African Americans (AA) by ethnicity and type 2
diabetes (T2D) status.
Methods: A cross-sectional study in 197 HA (92 with T2D and 102 without T2D) and 200 AA (97 with T2D and 103
without T2D) recruited in South Florida. Serum 25(OH)D concentrations and adipokines were analyzed by ELISA and
cardiometabolic risk factors were indexed by obesity, glycemic control, insulin sensitivity, lipid profile, and blood
pressure.
Results: Controlling for age, BMI, energy intake, smoking status and HOMA2-IR in multivariate linear regression
analyses, serum 25(OH)D concentrations were significantly associated with WC (R2 = 0.760, B = − 0.092, P = 0.027),
HbA1C (R2 = 0.142, B = − 0.012, P = 0.010), and TG (R2 = 0.159, B = − 1.192, P = 0.003) in only HA without T2D.
While serum 25(OH)D concentrations were significantly associated with TC (R2 = 0.168, B = − 0.329, P = 0.040), log
leptin (R2 = 0.544, B = − 0.007, P = 0.021), and adiponectin (R2 = 0.144, B = 0.111, P = 0.033), but slightly associated
with LDL-c (R2 = 0.133, B = − 0.278, P = 0.064) in only AA without T2D. Among individuals with T2D, serum 25(OH)
D concentrations were marginally associated with IL-6 (R2 = 0.109, B = 0.076, P = 0.085) in HA with T2D, and there
was a trend toward significance with log leptin (R2 = 0.393, B = − 0.006, P = 0.075) in AA with T2D in regression
analysis.
Conclusions: The findings that the associations of serum 25(OH)D concentrations with adipokines and
cardiometabolic factors differ between HA and AA has clinical and public implications to guide design of T2D
preventive strategies that are culturally specific even within the same ethnicity.
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Background
Low vitamin D status as generally indicated by circulating
serum 25-hydroxyvitamin D (25(OH)D) concentrations is
linked to increased risk of type 2 diabetes (T2D) and
cardiovascular diseases [1, 2]. Cross-sectional and observational studies have demonstrated associations between
serum 25(OH)D concentrations and cardiometabolic risk
factors such as obesity, inflammation, glycemic control,
insulin sensitivity, abnormal lipid profile, and high blood
pressure (BP), but with inconsistent results [3–7]. Additionally, it is postulated that vitamin D may regulate systemic
inflammation through immunomodulatory actions on several peptides known as adipokines to improve glycemic
control, insulin sensitivity, and endothelial function [8–11].
Previous research has found that adipokines including
leptin, adiponectin, and interleukin-6 (IL-6) regulate glucose and lipid metabolism, vascular remodeling, and are involved in inflammatory responses [12–17]. Fontana et al.
demonstrated that a low-grade inflammation observed with
circulating levels of leptin and IL-6 is directly proportional
to the body fat mass, particularly central adiposity as measured by waist circumference (WC). In contrast, adiponectin is inversely associated with body fat and has an
anti-inflammatory effect, a protective action for cardiometabolic health. One randomized controlled trial revealed that
low serum 25(OH)D concentrations were found to be associated with increased leptin, and decreased adiponectin
levels in the treatment group as compared to the control
group [12] However, a cross-sectional analysis conducted
by Almetwazi et al. using the 2003–2006 National Health
and Nutrition Examination Survey (NHANES) sample of
929 diabetic adults aged 18 years or older found no
association between serum 25(OH)D concentrations and
hemoglobin A1C (HbA1C) levels, after adjustment for
race/ethnicity, BMI, age, gender, type of diabetic medication
used, having health insurance or not, and comorbid conditions (hypertension, anemia, cholesterol, liver disease, and
kidney disease) [18]. Furthermore, Kim et al. studied the
relationship between serum 25(OH)D concentrations and
the risk of cardiovascular disease predictors. They found
that after controlling for factors that may affect the cardiovascular index (age, sex, body mass index, smoking, and alcohol intake), serum 25(OH)D concentrations was related
to triglyceride, HDL-cholesterol but not to IL-6 [19]. Recent studies investigating a relationship between serum
25(OH)D concentrations and serum lipids as measured by
total cholesterol (TC), low density lipoprotein cholesterol
(LDL-c) triglycerides (TG), and high density lipoprotein
cholesterol (HDL-c) have been controversial [20, 21]. Although these prior studies have been valuable, they have
been limited comparatively by low representation from
non-Hispanic blacks. Further, the variability in the results
of these studies may be likely due to variations in geographical location and differences in the populations studied.
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Epidemiological research has established that both lower
circulating 25(OH)D and lower intakes of vitamin D are
more common in non-Hispanic blacks than in non-Hispanic whites. This is important because ethnic differences also
exist in T2D such that blacks have high prevalence of cardiometabolic risk factors such as large WC, inflammation,
lower insulin sensitivity and hypertension, with greater risk
of T2D compared to non-Hispanic whites [22, 23]. Interestingly, the association of 25(OH)D with T2D was found to
differ even within the same non-Hispanic black ethnicity.
Shaban et al. [24] observed that African Americans (AA)
had lower serum 25(OH)D concentrations associated with
higher odds of having T2D than Haitian Americans (HA).
Moreover, HA had the lowest body mass index (BMI), WC,
higher insulin sensitivity, and lower insulin resistance, but
the associations of these parameters with serum 25(OH)D
concentrations were not investigated. The relationship of
serum 25(OH)D concentrations with adipokines and several cardiometabolic risk factors has been far less been investigated within the non-Hispanic black ethnicity. Given
the differences in cardiometabolic health between HA and
AA, it is crucial to examine the relationship of serum
25(OH)D concentrations with adipokines and cardiometabolic risk factors within the subgroups of non-Hispanic
blacks. A better understanding of the intra-ethnic differences of such associations may help explain and inform
future research into the pathophysiology of serum
25(OH)D concentrations in cardiometabolic health in the
non-Hispanic black ethnic group.
Accordingly, we examined if the association of serum
25(OH)D concentrations with adipokines, central adiposity, glycemic control, insulin sensitivity, lipid profile, and
BP, independent of demographic variables, total body adiposity (BMI) and insulin resistance will differ between HA
and AA type 2 diabetic and non-diabetic community
dwellers in a year-round sunny climate in South Florida.

Methods
Study population

This cross-sectional study was conducted among 197
HA (92 with T2D and 102 without T2D) and 200 AA
(97 with T2D and 103 without T2D). Study participants
were recruited from Miami- Dade and Broward Counties, in South Florida. Recruitment of African American
participants was based on response to flyers sent from
random selection of randomly generated mailing lists
that were purchased from Knowledge Base Marketing,
Inc., Richardson, TX, USA. This company provided two
mailing lists generated from multiple databases of African Americans identified as having or not having T2D.
About 7550 letters were mailed to African Americans
with and without T2D to request their participation. Of
the letters mailed, approximately 6.3% (n = 477) were
returned due to unknown addresses, while 4% (n = 256)
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of the remaining delivered letters responded. Because of
unavailability of a similar database of mailing addresses
for Haitian Americans, multiple community-based
sources were used to recruit Haitian Americans (n =
259). Print advertisements were posted in local Haitian
supermarkets, churches, and restaurants; flyers were also
distributed to Florida International University (FIU) faculty, staff and students. In addition, local diabetes educators and community health professionals in Miami-Dade
and Broward counties were requested to assist in
recruitment efforts, and announcements were also aired
on a Creole radio station. Interested individuals were
interviewed on phone and were fully informed of the
study purpose. For all those interviewed, age (≥35 years),
gender, and self-identified ethnicity (HA or AA) were
assessed. For respondents who self-reported as having
T2D, initial treatment modalities, duration of diabetes
and fasting plasma glucose (FPG) and HbA1C were
obtained. Exclusion criteria included kidney failure,
hepatitis, human immunodeficiency virus (HIV) and
cancer. Eligible participants were requested to enroll in
the study at the Human Nutrition Laboratory at Florida
International University (FIU). Participants to enroll in
the study were instructed to fast for at least 8 h prior to
their blood collection. Additionally, they were directed
to refrain from smoking and any unusual exercise, but
could drink only water. Twelve participants (HA = 8;
AA = 4) were reclassified as having T2D according to
the criteria specified by the American Diabetes Association and referred to their physicians. Written informed
consent in English or Creole was obtained from each
participant after they understood the requirements on
the form. The study protocol was approved by the
Institutional Review Board at FIU.
Sociodemographic data

A standardized self-reported questionnaire was used to
obtain information regarding age, gender, smoking
status, and medications used. Self-reported information
on ethnicity was confirmed during interview.
Anthropometric measurement

Height and weight were measured to the nearest 0.1 cm
and 0.1 kg respectively, using a SECA balance scale (Seca
Corp, Columbia, MD). BMI was calculated as weight in
kg/height in m2. The cutoff point for obesity was BMI ≥
30 kg/m2. Waist circumference (WC) was measured to
the nearest 0.1 cm with a non-stretchable measuring
tape, midway between the lower rib margin and the iliac
crest. Blood pressure [systolic (SBP) and diastolic (DBP)]
was measured twice with a sphygmomanometer (Tycos
5090–02 Welch Allyn Pocket Aneroid Sphygmomanometer, Arden, NC, USA) and a stethoscope (Littmann Cardiology, 3 M, St Paul, MN, USA) and averaged with the
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participants in a sitting position at rest for fifteen
minutes.
Assessment of dietary intake

The validated and standardized Harvard semi-quantitative
food frequency questionnaire was used to obtain information on macro- and micro-nutrients from foods and vitamins consumed. Participants self-reported average intake of
specified quantities of foods over the past year. Daily servings for food groups were calculated by totaling frequency
scores for all food items. The output of these calculations
was used to obtain the energy intake (kcal) of participants.
Blood collection and laboratory measurements

Twenty milliliters of venous blood was collected in a Vaccutainer Serum Separator tubes by a trained and certified
phlebotomist using standard methods, following an 8-h
overnight fast. Blood samples were centrifuged at 2500
RPM for half an hour after coagulation. The separated
serum was aliquoted into 3 labeled plastic tubes. One was
designated for analysis of serum 25(OH)D. The third aliquot was stored at -70 °C for subsequent analyses. Glycated
hemoglobin levels were assayed in whole blood samples
applying the Roche Tina Quant method with both mean
intra-assay and inter-assay coefficient of variation (CV) of
3.5% (Laboratory Corporation of America, FL, USA).
Serum lipid levels (TC, LDL-c, HDL-c, and TG) were
determined by automatic chemical analyzer (Laboratory
Corporation of America, FL, USA). Serum 25(OH)D concentrations were determined with an ELISA kit with both
mean intra-assay and inter-assay CV of less than 10.3%
from Immunodiagnostic Systems Limited (Scottsdale, AZ,
USA). Serum adipokines and inflammatory markers were
measured by ELISA kits. The mean intra-assay and
inter-assay CV of leptin levels were 3.0 and 4.2%, respectively with assay sensitivity of 7.8 pg/ml (R&D Systems,
Minneapolis, MN, USA). For IL-6, both mean intra-assay
and inter-assay CV were less than 10% with assay sensitivity
of 2.2 pg/ml (BD Biosciences, San Jose, CA, USA). Serum
adiponectin had intra-assay and inter-assay CV as 7.4 and
8.4% (Linco Research Inc., MO, USA).
Calculation of insulin sensitivity (HOMA2-IS) and insulin
resistance (HOMA2-IR)

The Oxford University homeostasis model assessment
version 2 (HOMA2) calculator was used to calculate
homeostasis model assessment version 2 of insulin sensitivity index (HOMA2-IS) and homeostasis model assessment version 2 of insulin resistance index (HOMA2-IR)
as previously described [25]. The model determines
HOMA2-IS and HOMA2-IR from paired fasting plasma
glucose and radioimmunoassay insulin across a range of
1–2200 pmol/L for insulin, and 1–25 mmol/L for glucose.
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Data analysis

Cross-sectional data analyses were conducted with SPSS
version 21 (IBM Corporation, Chicago, IL, USA). The
Kolmogorov-Smirnov test was used to assess the normality
of the distribution of the data. The distributions of leptin
and HOMA2-IR were natural log-transformed to improve
normality. Descriptive statistics were computed and presented as mean ± SD for continuous variables, and frequencies (percentages) for categorical variables. Differences in
mean values for each ethnic subgroup by diabetes status
were compared using Student’s t-test for continuous variables and χ2 tests for categorical variables. Partial Pearson’s
correlation coefficients were used to examine the associations between serum 25(OH)D concentrations and cardiometabolic risk factors with adjustment for age, BMI, energy
intake and log HOMA2-IR. Multivariate linear regression
(MLR) analyses were conducted to determine the contributions of serum 25(OH)D concentrations to cardiometabolic
risks factors after adjusting for the same covariates, including smoking status. For all analyses, a P-value of < 0.05 was
considered to be statistically significant.

Results
Participant clinical characteristics by ethnicity and diabetes
status are shown in Table 1. There were significant differences of most study characteristics between individuals
with and without T2D in AA, but not in HA. African
Americans with T2D had lower serum 25(OH)D levels (P =
0.001) and lower vitamin D intake (P = 0.016) than AA
without T2D. African Americans with T2D also had higher
BMI and larger WC (P < 0.001 for both), as compared to
AA without T2D. No statistically significant differences in
these characteristics were found between HA with and
without T2D. The levels of log HOMA2-IR (P = 0.030),
HOMA2-IS (P = 0.021), SBP (P = 0.003), IL-6 (P = 0.049),
and adiponectin (P = 0.032) were statistically different
between AA with and without T2D, but these differences
were not observed among the HA ethnic subgroup. Haitian
Americans with T2D had lower LDL-c (P = 0.029) than
HA without T2D, whereas such difference was not revealed
in AA. The older age (P = 0.005 for HA and P = 0.008 for
AA), lower energy intake (P = 0.004 for HA and P = 0.002
for AA), and higher HbA1C (P < 0.001 for HA and AA) in

Table 1 Characteristics of study participants of each ethnic subgroup by diabetes status
Variables

Haitian Americans
without T2D
(n = 102)

African Americans
with T2D
(n = 95)

P-value

without T2D
(n = 103)

with T2D
(n = 97)

P-value

Age (years)

54.1 ± 10.6

58.3 ± 9.9

0.005

51.1 ± 8.3

54.6 ± 10.1

0.008

Gender F (%)

51 (50.0)

51 (53.7)

0.605

51 (49.5)

47 (48.5)

0.881

Smoke n (%)

6 (5.9)

5 (5.3)

0.850

45 (43.7)

36 (37.1)

0.344

Energy intake kcal (kcal/d)

2042.0 ± 1205.0

1589.2 ± 968.9

0.004

2843.6 ± 1971.6

2106.1 ± 1341.1

0.002

BMI (kg/m2)

29.2 ± 5.1

29.1 ± 4.4

0.875

30.9 ± 6.0

35.4 ± 8.2

< 0.001

Obese (BMI ≥30 kg/m2) (%)

41 (40.2)

41 (43.2)

0.673

56 (54.4)

72 (74.2)

0.030

WC (cm)

96.8 ± 12.8

99.2 ± 11.4

0.172

101.4 ± 14.0

113.9 ± 17.2

< 0.001

HbA1C (%)

6.1 ± .8

8.4 ± 2.6

< 0.001

5.9 ± .5

7.7 ± 2.0

< 0.001

log HOMA2-IR

0.2 ± .5

0.1 ± .6

0.432

0.3 ± .7

0.5 ± .7

0.030

HOMA2-IS

95.7 ± 51.7

102.5 ± 53.4

0.367

91.2 ± 54.8

74.7 ± 44.7

0.021

TC (mg/dL)

199.1 ± 42.5

188.3 ± 39.1

0.067

192.4 ± 40.0

186.0 ± 40.6

0.265

LDL-c (mg/dL)

125.3 ± 40.6

113.6 ± 33.0

0.029

117.5 ± 36.8

111.1 ± 37.9

0.226

HDL-c (mg/dL)

52.0 ± 14.1

54.0 ± 15.4

0.337

51.6 ± 13.9

49.4 ± 13.5

0.262

TG (mg/dL)

108.8 ± 64.6

103.3 ± 52.3

0.515

116.4 ± 57.3

127.6 ± 65.0

0.200

SBP (mmHg)

145.6 ± 24.2

146.3 ± 26.2

0.840

133.6 ± 17.8

141.4 ± 19.3

0.003

DBP (mmHg)

90.7 ± 12.4

89.9 ± 13.9

0.686

88.8 ± 13.0

89.5 ± 11.3

0.667

log Leptin (pg/mL)

9.8 ± .9

9.7 ± 1.2

0.221

9.9 ± 1.0

10.1 ± .8

0.157

IL-6 (pg/mL)

4.4 ± 6.7

5.9 ± 8.9

0.168

7.5 ± 5.6

10.9 ± 16.7

0.049

Adiponectin (ng/mL)

17.1 ± 10.8

16.6 ± 9.8

0.745

22.8 ± 12.8

27.7 ± 18.5

0.032

Vitamin D intake (IU/d)

405.5 ± 387.3

321.3 ± 284.9

0.085

584.9 ± 470.5

440.5 ± 361.7

0.016

25(OH)D (nmol/L)

53.7 ± 16.3

56.8 ± 21.3

0.255

59.9 ± 24.4

48.8 ± 23.1

0.001

Data were expressed as mean ± SD unless otherwise indicated. Abbreviations: T2D type 2 diabetes; BMI body mass index; WC waist circumference; HbA1C
hemoglobin A1C; HOMA2-IR homeostasis model assessment version 2 of insulin resistance; HOMA2-IS homeostasis model assessment version 2 of insulin
sensitivity; TC total cholesterol; LDL-c low density lipoprotein cholesterol; HDL-c high density lipoprotein cholesterol; SBP systolic blood pressure; DBP diastolic
blood pressure; IL-6 interleukin 6; 25(OH)D 25-hydroxyvitamin D. P-value is significant at < 0.05.
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individuals with T2D than without T2D was detected in the
two ethnicities. There were no statistically significant differences in smoking status, TC, HDL-c, TG, DBP, and log
leptin levels, between individuals with and without T2D in
HA and AA ethnic subgroups.
Tables 2 and 3 report the correlations of serum
25(OH)D concentrations with cardiometabolic risk factors. Prior to adjustments, serum 25(OH)D concentrations were correlated negatively with WC, HbA1C and
TG in HA without T2D only. While different relationships were observed in AA. Serum 25(OH)D concentrations were correlated negatively with BMI, log
HOMA-IR, TC, LDL-c, and log leptin, but positively
with HOMA2-IS, and adiponectin in AA without T2D,
and positively with HOMA2-IS, but negatively with log
leptin in AA with T2D. After controlling for age and
BMI in Model 1, all the variables remained significant in
HA without T2D, in addition to IL-6 for HA with T2D.
However, the correlations with log HOMA2-IR, and
LDL-c in AA without T2D, and with HOMA2-IS in both
AA with and without T2D disappeared. After further
controlling for age, energy intake, and log HOMA2-IR
in Model 2, the strong negative correlations in the
unadjusted model still kept significant for all variables in
HA without T2D. Moreover, log leptin, adiponectin, TC,
and LDL-c in AA without T2D, and log leptin in AA
with T2D remained correlated.
In MLR analyses within each ethnic subgroup and by diabetes status, serum 25(OH)D concentrations significantly
explained the variances in WC (R2 = 0.760, B = − 0.092, P

= 0.027), HbA1C (R2 = 0.142, B = − 0.012, P = 0.010), and
TG (R2 = 0.159, B = − 1.192, P = 0.003) in only HA without
T2D. While in AA without T2D only, serum 25(OH)D
concentrations significantly explained the variances in TC
(R2 = 0.168, B = − 0.329, P = 0.040), log leptin (R2 = 0.544,
B = − 0.007, P = 0.021), and adiponectin (R2 = 0.144, B =
0.111, P = 0.033), but slightly associated with LDL-c (R2 =
0.133, B = − 0.278, P = 0.064), after adjustment for previously stated covariates. However, among individuals with
T2D, serum 25(OH)D concentrations were marginally
associated with IL-6 (R2 = 0.109, B = 0.076, P = 0.085) in
HA with T2D, and there was a trend toward significance in
the association with log leptin (R2 = 0.393, B = − 0.006, P =
0.075) in AA with T2D in regression analysis.

Discussion
This study examined the relationships of serum 25(OH)D
concentrations with various cardiometabolic risk factors
across diabetes status within non-Hispanic black ethnic
subgroups living in a sun-rich climate. Significant differences across diabetes status within the ethnic subgroups
were found. Specifically, there were significant differences
of serum 25(OH)D concentrations between individuals
with and without T2D in AA, but not in HA. Results indicated that, serum 25(OH)D concentrations were inversely
associated with WC, HbA1C, TG levels specific for HA
without T2D, whereas inversely associated with TC, and
leptin, and positively associated with adiponectin in AA
without T2D only. To our knowledge, apart from the
study [24] mentioned that determined few risk factors and

Table 2 Correlations of serum 25(OH)D with different cardiometabolic risk factors in Haitian Americans by diabetes status
Variables

Haitian Americans without T2D
(n = 102)

Haitian Americans with T2D
(n = 95)

Unadjusted

Model 1

Model 2

Unadjusted

Model 1

Model 2

BMI (kg/m2)

− 0.152

–

− 0.133

− 0.175

–

− 0.195

WC (cm)

− 0.229*

− 0.210*

− 0.241*

− 0.119

0.037

− 0.146

HbA1C (%)

− 0.212*

− 0.218*

− 0.215*

0.034

0.031

0.023

log HOMA2-IR

− 0.054

0.008

–

0.104

0.116

–

HOMA2-IS

0.071

0.005

0.034

−0.137

− 0.154

− 0.124

TC (mg/dL)

− 0.053

− 0.046

− 0.039

− 0.170

−0.159

− 0.201

LDL-c (mg/dL)

−0.001

0.012

0.018

− 0.176

−0.151

− 0.195

HDL-c (mg/dL)

0.141

0.119

0.142

0.000

−0.044

− 0.009

TG (mg/dL)

− 0.323**

− 0.317**

− 0.330**

− 0.078

−0.048

− 0.120

SBP (mmHg)

−0.058

− 0.061

−0.080

0.110

0.065

0.078

DBP (mmHg)

−0.066

−0.036

− 0.060

0.045

0.059

0.023

log Leptin (pg/mL)

0.026

0.101

0.032

− 0.096

− 0.004

− 0.092

IL-6 (pg/mL)

− 0.114

− 0.114

− 0.126

0.189

0.207*

0.172

Adiponectin(ng/mL)

0.061

− 0.036

− 0.009

0.147

0.121

0.140

Model 1, adjusted for age and BMI.
Model 2, adjusted for age, energy intake, and HOMA-IR.
*
P < 0.05,
**
P < 0.01
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Table 3 Correlations of serum 25(OH)D with different cardiometabolic risk factors in African Americans by diabetes status
Variables

African Americans without T2D
(n = 103)

African Americans with T2D
(n = 97)

Unadjusted

Model 1

Model 2

Unadjusted

Model 1

Model 2

BMI (kg/m2)

− 0.215*

–

− 0.141

−0.270

–

− 0.175

WC (cm)

−0.136

0.076

− 0.059

− 0.182

0.114

− 0.090

HbA1C (%)

− 0.172

− 0.105

−0.140

− 0.067

0.009

0.015

log HOMA2-IR

− 0.211*

− 0.139

–

− 0.190

−0.130

–

HOMA2-IS

0.199*

0.124

0.008

0.208*

0.150

0.071

TC (mg/dL)

− 0.227*

− 0.196*

− 0.239*

− 0.185

−0.172

− 0.164

LDL-c (mg/dL)

− 0.208*

− 0.172

− 0.219*

− 0.157

−0.133

− 0.118

HDL-c (mg/dL)

−0.056

− 0.094

−0.119

0.028

− 0.063

− 0.097

TG (mg/dL)

− 0.059

−0.008

0.015

− 0.147

− 0.090

− 0.078

SBP (mmHg)

−0.044

− 0.005

−0.016

− 0.096

−0.163

− 0.112

DBP (mmHg)

−0.163

− 0.080

− 0.115

− 0.179

−0.158

− 0.117

log Leptin (pg/mL)

− 0.303**

− 0.232*

− 0.265**

− 0.282**

− 0.213*

− 0.249*

IL-6 (pg/mL)

0.123

0.133

0.133

−0.171

− 0.151

−0.133

Adiponectin(ng/mL)

0.255**

0.231*

0.215*

0.046

−0.087

− 0.068

Model 1, adjusted for age and BMI.
Model 2, adjusted for age, energy intake, and HOMA-IR.
*
P < 0.05,
**
P < 0.01

did not explore associations with serum 25(OH)D concentrations, this is the only study that has included several
cardiometabolic risk factors and their relationships with
serum 25(OH)D concentrations adjusted for important
confounders in HA and AA with and without T2D residing in sunny locations in the U.S.
African Americans with T2D had the lowest serum
25(OH)D concentrations, as compared to AA without
T2D, a finding not observed in HA, indicative of an ethnic difference. A possible explanation to this observation
in the present study may be due to AA with T2D having
the highest BMI, largest WC and highest percentage
obese than AA without T2D. However, differences in
BMI, WC and percentage obese in HA with and without
T2D was not significantly different. Links between
vitamin D deficiency and adiposity have been well established [26, 27]. The mechanisms proposed for the
inverse relationship of serum 25(OH)D with BMI and
WC are the sequestration of vitamin D in the increased
fat mass reducing release into systemic circulation, and
dilution of ingested or cutaneously synthesized vitamin
D by the large body fat compartments reducing bioavailability [27–29]. Additionally, several studies have shown
that low serum 25(OH)D could in turn lead to obesity,
because its influence on free fatty acids mobilization in
the adipose tissue as well as metabolism of fat cell which
lead to increases in energy expenditure, a mechanism of
weight loss may be downgraded [30–32]. Thus, the
lower intake of vitamin D coupled with lower serum
25(OH)D in AA with T2D than in AA without T2D may

explain the higher BMI in AA with T2D than AA without T2D in spite of lower energy intake. It is noteworthy
to mention that, the higher vitamin D intake in AA
without T2D was not because of dietary supplementation, thus it could be attributed to the increased energy
intake in this sample of AAs. Previous studies have
found that AA normally have low intakes of vitamin D
since most of the foods fortified with vitamin D (e.g.,
milk and dairy products) are lactose-containing to which
AA are intolerant due to lactase deficiency commonly
found in this population [33]. Vitamin D intake was not
significantly different between HA with and without
T2D. It is also not unexpected that in regression analyses, serum 25(OH)D concentrations were associated
with WC in HA without T2D, but not in AA without
T2D. The reason for the discrepancy may be due to the
high serum 25(OH)D concentrations as well as high
vitamin D intake in AA without T2D, since the entire
study sample was made up of mainly overweight and
obese individuals. Considering reduced production of
endogenous vitamin D through sunlight secondary to
greater melanin pigmentation [34], dietary vitamin D
intake is crucial in this ethnic group with regards to
obesity and its comorbidities.
Our study adds to the literature that serum 25(OH)D has
direct and indirect effects on β-pancreatic cells promoting
insulin signaling and secretion, thus play an important role
in insulin sensitivity, insulin resistance, and possibly glycemic control [35–37]. There was a significant association
between 25(OH)D and HOMA2-IR in AA without T2D,
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and with HOMA2-IS in both AA with and without T2D.
However, these relationships attenuated after adjustment
for age and BMI in correlation analyses. Moreover, after
adjusting for age, energy intake, and HOMA2-IR the negative association between serum 25(OH)D and BMI in AA
without T2D only, became not significant. This bolsters the
evidence of the interconnectedness between age, energy intake, BMI, serum 25(OH)D and glucose metabolism [3–5].
It is suggested that increasing age, BMI and energy intake
not only decrease the effectiveness of insulin signaling
pathways that result in decreased insulin sensitivity and increased insulin resistance, but also affect serum 25(OH)D
levels. Thus, controlling for the interactions and influence
of these covariates in the relationship of serum 25(OH)D
with HOMA2_IR and HOMA2-IS may have caused the
significant results to disappear. Although HA were older,
they had higher insulin sensitivity and lower insulin resistance and so these associations previously discussed were
not seen in them, suggesting that there are other factors
that may have a protective role in HA. For example, HA
have been found to have better diet quality, lifestyle factors,
and different genetic factors than AA [38–40]. The association between serum 25(OH)D concentration and HbA1C
was observed in HA without, T2D only. It is not clear why
the relationship between serum 25(OH)D and HbA1C
would be specific for HA despite having better cardiometabolic metabolic parameters. One reason could be that HA
have been found to have poorer control of their HbA1C
levels compared to AA [41] which we observed in the
current study that HA had higher HbA1C levels regardless
of diabetes status. Further carefully controlled experimental
study is needed to better understand the observation.
Low serum 25(OH)D concentrations have been associated with dyslipidemia, indicated as increased serum levels
of TC, LDL-c and TG, and low levels of HDL-c, which
could possibly explain the relation with diabetes and cardiovascular diseases [42, 43]. Ford et al. [44] in their
analysis of the third National Health and Nutrition Examination Survey (NHANES) revealed inverse associations
between serum 25(OH)D concentrations and TG in
healthy subjects. Moreover, Karhapää et al. [45] reported
that serum 25(OH)D concentrations were negatively associated with TC, LDL-c and TG and positively with HDL-c
after controlling for age and BMI. Both HA and AA in our
sample had high levels of TC, LDL-c and TG, with lower
levels of HDL-c observed mostly in AA. In theory, vitamin
D is thought to affect lipid levels directly by maintaining
adequate amounts of apolipoprotein A-1, a major component of HDL cholesterol needed to clear LDL-c and TG
from circulation [46]. In addition, it was suggested that the
effect of vitamin D in decreasing serum levels of LDL-c
and TG may occur through modulatory action that
increases the activity of lipoprotein lipase in adipose tissue
[47]. The indirect effects of vitamin D on lipids could be
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through calcium formation of insoluble complexes with
saturated fats and thus reduction in serum levels of TC
and LDL-c [48]. The statistically significant negative relationships between serum 25(OH)D concentrations and TG
in HA without T2D, but with TC and marginally with
LDL-c in AA without T2D we found in our sample,
independent of BMI suggest the differing associations may
explain, in part, ethnic differences in cardiometabolic
health. Vitamin D intervention studies comparing
outcomes in both HA and AA are required to confirm the
ethnic differences.
We observed that independent of BMI, the association of
serum 25(OH)D concentrations with adipokines were more
pronounced in AA than in HA. Serum 25(OH)D concentrations were significantly inversely related with leptin
levels and positively with adiponectin in AA without T2D,
while a marginal inverse association with IL-6 in HA
without T2D was observed. However, the reasons for the
discordance in the specific types of adipokines related to
25(OH)D between HA and AA may be due to differences
in the levels of these adipokines and other cardiometabolic
profile between the two ethnic subgroups. Studies investigating all forms and sources of vitamin D and their relationships with robust measures of these adipokines in the
Black ethnic subgroup is required to further understand
the causal role of vitamin D on adipokines and inflammatory processes. The significant relation of 25(OH)D with
leptin and adiponectin was found in a study performed in a
healthy adult population, low 25(OH)D correlated with
increased leptin levels and decreased adiponectin levels
[49–51]. The lack of significant association between
25(OH)D and IL-6 was also found in the Framingham
adult subjects [52]. Several mechanisms of how vitamin D
affects adipokines concentrations have been proposed. It is
suggested that vitamin D receptors in the adipocytes of the
adipose tissue may regulate adipokine gene expression and
vitamin D deficiency may be associated with increased
leptin levels and decreased adiponectin levels [53].
It is important to note that although the observed positive and negative associations between serum 25(OH)D
concentrations and the cardiometabolic risk factors discussed in HA and AA without T2D were also seen in those
with T2D [data not shown (see Additional file 1)], the results were not significant. The slight trend towards significance for adipokines IL-6 in HA with T2D, and log leptin
in AA with T2D shows the important role that 25(OH)D
plays to regulate other cardiometabolic processes through
adipokines in low-grade inflammation [8–11]. A possible
explanation for the non-significant results in T2D may be
the similarities in general or even better in individuals with
T2D in some of the parameters such as BMI, WC, lipids,
BP and adipokines for which makes it difficult to detect
significant differences between those with and without
T2D. Another explanation may be due to the residual
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confounding effects of medications used mainly by participants with T2D and the relationship between serum
25(OH)D concentrations and HbA1C, lipids, and adipokines may be affected by disease duration in individuals
with T2D.
The strength of our study is that we are the first to
report differences in the association between serum
25(OH)D concentrations and WC, HbA1C, TG, TC,
leptin and adiponectin within non-Hispanic black ethnic subgroups with and without T2D living at Southern
U.S. Florida after controlling for age, BMI, smoking status, energy intake and HOMA2-IR. Thus, this study
underscores the need to target these non-Hispanic
black ethnic subgroups separately considering the profound differences in cardiometabolic risk factors. Apart
from using it to control for smoking status, we chose to
conduct MLR after partial correlations analyses to compare significant effect modification of associations
within non-Hispanic black ethnic subgroups by diabetes status and we reported the output of both analyses to highlight these potential differences discussed
above. Nevertheless, the cross-sectional study design of
our study limits us from establishing causality between
the effects of serum 25(OH)D concentrations on those
cardiometabolic risk factors in HA and AA with and
without T2D. Longitudinal studies are needed to address this issue. Although this study used HOMA2-IS
and HOMA2-IR an estimate of insulin sensitivity and
insulin resistance, respectively rather than the gold
standard of hyperinsulinemic-euglycemic clamp, the
HOMA2-IS and HOMA2-IR have been used in several
cross-sectional studies and have been shown to be a reliable surrogate in determining measures of insulin resistance [54]. The semi-convenience nature of our
sample is not representative of HA and AA and thus,
limits generalizability to the larger population.

Conclusion
We demonstrated that low serum 25(OH)D concentrations were related with various cardiometabolic risk
factors in HA and AA with and without T2D living in
a sunny climate all year in the U.S., findings not attributable to adiposity and geographical location. These
findings have important clinical and public health implications. Given the high prevalence of vitamin D deficiency and ethnic disparity of these associations
observed even within the same Black ethnicity, additional prospective studies or well-designed randomized clinical trials are urgently needed to help
characterize the ethnic differences in the relationship
between vitamin D status, obesity, inflammation, glycemic control and dyslipidemia to prevent T2D in this
population.
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