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Abstract
Objective—The renin-angiotensin-aldosterone system (RAAS), vitamin D, and parathyroid
hormone have all been implicated as regulators of adipocytokines and inflammation. We evaluated
human interventional study protocols to investigate whether controlled modulations of these
calcium- and sodium-regulatory hormones could influence adipocytokines and inflammation in
obesity and diabetes.

Methods—Post-hoc analyses of two separate human protocols (Protocol 1, n=14; Protocol 2,
n=24) conducted in a clinical research setting after rigorous control of diet, posture, medications,
and diurnal rhythm, were performed. Protocol 1 evaluated obese hypertensives with vitamin D
deficiency who received an infusion of angiotensin II (AngII) before and after 1 month of vitamin
D3 therapy. Protocol 2 evaluated obese subjects with type 2 diabetes who also received AngII.
Adipocytokines and inflammatory markers were measured before and after vitamin D3 therapy,
and also before and after infusions of AngII.

Results—Vitamin D3 therapy significantly raised 25(OH)D and 1,25(OH)2D concentrations, and
lowered parathyroid hormone, but had no effect on concentrations of adiponectin, resistin, leptin,
IL-6, PAI-1, urinary TGFβ1, or HOMA-IR. AngII infusions, despite significant elevations in
blood pressure and serum aldosterone, did not influence adipocytokine concentrations in either
protocol.

Conclusion—In contrast to prior studies conducted in healthy populations, or those that could
not control major regulators of the RAAS or adipocytokines, we observed that robust modulations
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in calcium- and sodium-regulatory hormones did not influence adipocytokines or inflammation in
obesity or diabetes. Adipose-tissue physiology in these conditions may alter the hormonal
regulation of inflammatory parameters.
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INTRODUCTION
Adipose-tissue is an endocrine organ that is dysfunctional in obesity[1, 2]. Adipose-tissue
derived proteins (adipocytokines) have been associated with important roles in metabolism,
vascular function, and inflammation[2–4]. The dysregulation of adipocytokine physiology in
obesity (such as adiponectin deficiency) has been associated with an inflammatory state and
obesity-related morbidities such as hypertension and diabetes[2, 5].

The increased renin-angiotensin-aldosterone system (RAAS) milieu that occurs with
increasing adiposity may contribute to adipocytokine and inflammatory dysfunction[6–9].
Higher RAAS activity is associated with cardiovascular disease and inflammation[10–12],
and has been implicated as a negative regulator of adiponectin and positive regulator of
resistin[13–18]. Animal studies have linked local adipose-tissue RAAS activity with
reductions in adiponectin and an increase in resistin[13, 15]. In turn, human studies have
shown that an exogenous infusion of angiotensin II (AngII) in healthy lean men acutely
lowers adiponectin, whereas RAAS-antagonist therapy increases it[16]. In contrast, higher
RAAS activity, particularly higher aldosterone levels, are associated with higher resistin
levels[14, 18]. To evaluate whether these relationships persist in human obesity and
diabetes, where RAAS activity and adipocytokines are most abnormal [7–9, 19],
interventional studies are needed.

Calcium-regulatory hormones represent another potential regulator of inflammatory status in
obesity, and also have an intertwined relationship with the RAAS[20]. Vitamin D therapy
has been implicated as an anti-inflammatory agent in vitro[21–23] and in vivo[24–26], that
also negatively regulates RAAS activity[27–30]; this may be particularly relevant in obese
and type 2 diabetes populations where vitamin D insufficiency is common. Prior studies
have associated higher vitamin D levels with higher levels of adiponectin[17, 31–33] and
resistin[18], higher and lower levels of leptin[33–35], and improved glycemic
parameters[33].

Dedicated interventional studies in human obesity and type 2 diabetes are needed to better
characterize potential relationships between the RAAS and calcium-homeostatic hormones
with adipocytokines and inflammatory markers. In particular, physiology studies conducted
under well-controlled settings are needed since many environmental factors may
significantly influence measurements and interpretations of the RAAS and adipocytokines,
including: medications (particularly RAAS antagonists), dietary sodium and electrolyte
content, changes in body weight, renal function and other co-morbid medical conditions[32,
36]. We performed post-hoc analyses on two previously completed interventional study
protocols that were conducted under strict conditions of a Clinical Research Center to
evaluate whether controlled modulations in calcium- and sodium-regulatory hormones
influenced adipocytokine and inflammatory marker concentrations in individuals with
obesity and diabetes[19, 27].
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MATERIALS AND METHODS
Study Populations

We evaluated study populations from two separate interventional protocols that included
aggressive vitamin D supplementation to modulate calcium-regulating hormones and
exogenous infusions of AngII to modulate the RAAS. Protocol 1 was comprised of 14
subjects with obesity and stage I hypertension who received infusions of AngII before and
after high-dose vitamin D3 therapy, as previously described[27]. Protocol 2 was comprised
of 24 subjects with type 2 diabetes and obesity who were studied within the HyperPATH
cohort, and previously described[19], who also received infusions of AngII to modulate the
RAAS. Adipocytokine and inflammatory marker measurements from the stored blood of
these previously conducted study protocols were used to evaluate the effects of vitamin D3
and RAAS interventions, and the interaction between these interventions.

As previously described, subjects were recruited into Protocol 1 if they were between the
ages of 18–65 years, obese (BMI ≥ 30 kg/m2), had stage I hypertension, and 25-
hydroxyvitamin D (25[OH]D) levels < 25 ng/mL[27]. Subjects were recruited into Protocol
2 if they had a known history of type 2 diabetes that was documented by a clinician, or met
any of the American Diabetes Association diagnostic criteria (fasting blood glucose ≥ 126
mg/dL or random blood glucose ≥ 200 mg/dL or hemoglobin A1c ≥ 6.5% or 2-hour glucose
following a 75 gram glucose load of ≥ 200 mg/dl)[19]. The 24 subjects from Protocol 2 with
available frozen blood for adipocytokine and inflammatory maker analyses were included in
the current study. Subjects were excluded from either protocol if they had an estimated
glomerular filtration rate of < 60 mL/min, a serum creatinine of > 1.5 mg/dL, a history of
coronary heart disease, stroke, liver disease, secondary cause of hypertension, retinopathy,
neuropathy, or active tobacco use. Subjects with proteinuria were excluded from Protocol 2.
Although characteristics of these two study protocols and populations have been previously
described[19, 27], the analyses and results reported in the current study are unique and have
not been previously reported. All subjects were studied after informed consent was obtained
at the Brigham and Women’s Hospital (Boston, USA) using study protocols that were
approved by the Institutional Review Board.

Protocol 1 Study Design
The Protocol 1 study design has been previously described[27]. Subjects who used
angiotensin converting enzyme inhibitors, angiotensin receptor blockers, mineralocorticoid
antagonists, beta-blockers, or diuretics were withdrawn of these medications for up to 3
months to ensure that measurements of the RAAS reflected the native underlying hormonal
equilibrium. Daily home blood pressure monitoring was used with established parameters
for safety[27]. Subjects were then provided a study diet for 1 week that included > 200
mmol of sodium, 100 mmol of potassium, and 20 mmol of calcium to minimize diet-induced
variability in RAAS components, adipocytokines, and glycemic parameters[17, 18, 37].
After completing this diet for 1 week, subjects were admitted to the inpatient clinical
research center for their first study visit where they remained in supine position overnight to
minimize posture-induced variability in RAAS activity. In the morning while fasting, they
received an infusion of AngII (1 ng/kg/min) for 90 minutes. Blood measurements, including
measurements of RAAS components and adipocytokines were taken before and after AngII
infusion. Subjects were then discharged home with instructions to take 15,000 IU/daily of
vitamin D3 for 4 weeks. During this time, they continued to be maintained off all interfering
medications. They returned for their second study visit after completing another 1 week of
the study diet, and repeated the exact same aforementioned AngII protocol in the clinical
research center to evaluate baseline and AngII-induced changes in adipocytokines after
vitamin D3 therapy. After completing study visit 2, subjects resumed medications they took
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prior to the initiation of the study, and were returned to the care of their routine medical care
providers.

Protocol 2 Study Design
Protocol 2 followed a very similar study design that has also been previously described[19].
All subjects were withdrawn of interfering medications as described above. Subjects who
were being treated with sulfonylureas, insulin, biguanides, or HMG-CoA reductase
inhibitors remained on these medications for the duration of the study. Subjects reported
their home blood glucose measurements to study staff which were used to titrate oral
hypoglycemic agents and insulin doses to maintain a fasting blood glucose value of ≤ 160
mg/dL; all participants achieved this prior to their inpatient study visit. Subjects were
prescribed the same study diet described above 1 week prior to their admission to the
clinical research center, where they were maintained supine overnight. In the morning while
fasting, they received an infusion of AngII (3 ng/kg/min) for 60 minutes. Blood
measurements, including measurements of RAAS components and adipocytokines, were
taken before and after the infusion.

Laboratory Measurements
Blood samples in each study protocol were collected while fasting in the morning of all
study visits, after overnight supine rest while on the study diet during the inpatient clinical
research center admission, and in the case of adipocytokines, also immediately following
each AngII infusion. These blood samples were used to measure: parathyroid hormone
(PTH) (Beckman Coulter, Fullerton, CA; intra-assay variation [IAV]=1.6–2.6%, inter-assay
variation [IEV]=2.8–5.8%), 25-hydroxyvitamin D (25[OH]D) (Diasorin, Inc., Stillwater,
MN; IAV=4.4–8.3%, IEV=6.2–12.5%), 1,25-dihydroxyvitamin D (1,25[OH]2D) (Diasorin,
Inc., Stillwater, MN), serum aldosterone (Siemens, Los Angeles, Ca; IAV=2.5–5.4%,
IEV=3.8–15.7%), plasma glucose and insulin. The homeostasis model assessment index
(HOMA-IR) was calculated from plasma glucose and insulin values ([glucose] × [insulin] /
405), as a general representation of insulin resistance. For the current study, collected
samples from Protocols 1 and 2 that were frozen were used to measure: plasma total
adiponectin (ALPCO Diagnostics Inc., Salem, NH; IAV=5.0–5.4%, IEV=6.0%), plasma
resistin (R&D Systems, Minneapolis, MN; IAV=1.8–7.7%, IEV=3.4–9.3%), serum leptin
(LINCO Research, St. Charles, MS; IAV=5.2–7.5%, IEV=3.2–8.9%), serum IL-6 (Beckman
Coulter, Fullerton, CA; IAV=1.7–4.6%, IEV=3.1–12.0%), PAI-1 (R&D Systems,
Minneapolis, MN; IAV=5.8–7.4%, IEV=5.6–7.2%), hemoglobin A1c (Roche Diagnostics
Corporation).

Urinary TGFβ1 was measured by ELISA (R&D Systems, Minneapolis, MN) from
previously collected and frozen urine samples from Protocol 1. Urine samples were
concentrated 2-, 10- and 50-fold by centrifugation using Ultracel YM-10 filters (Milipore,
Billerica, MA) for measurement. Only experimental values that fell within the linear range
of the TGFβ1 standard curve were used to calculate urinary TGFβ1 levels. To account for
variability in urine collection volumes, TGFβ1 values were normalized to urine creatinine
(mg/dL). Samples were run in duplicate (2-fold and 10-fold concentrated) or singleton (50-
fold concentrated).

Statistical Methods
The primary objective of the current study was to evaluate whether controlled modulations
in calcium- and sodium-regulatory hormones (performed in previously reported
interventional protocols) influenced adipocytokine and inflammatory marker concentrations
in obesity and type 2 diabetes.
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Study population characteristics are presented as means ± standard error of means. Blood
measurements of adipocytokines and inflammatory markers before and after interventions
with vitamin D3 or AngII infusion were compared using paired t-tests. Correlations between
calcium-regulatory hormones and adipocytokines are represented by Pearson correlation
coefficients. The level for significance for all tests conducted was set at α=0.05 and reported
P-values are two-tailed. Data analyses were performed using SAS v9.2 (Cary, NC) statistical
software.

Power
The sample sizes in Protocol 1 and 2 were adequately powered to see potential changes in
outcome measures with RAAS and vitamin D3 modulations. Prior studies with similar
sample sizes, but performed in populations not enriched for obesity or diabetes, have shown
dramatic reductions in adiponectin with acute AngII infusions (~50% decrease)[16] and
elevations in resistin with higher RAAS activity[14]. Furthermore, raising 25(OH)D
concentrations from approximately 20 ng/mL to 40 ng/mL has been associated with 50–70%
higher concentrations of adiponectin[17, 26, 32] and resistin[18].

RESULTS
Modulation of Calcium-Regulatory Hormones via Vitamin D3 Intervention in Protocol 1

Descriptive data of obese hypertensives with low 25(OH)D concentrations from Protocol 1
are shown in Table 1, and have been previously described[27]. Vitamin D3 intervention
significantly raised 25(OH)D (18.2 ± 1.8 to 51.9 ± 3.1 ng/mL; P<0.0001), 1,25(OH)2D (38.1
± 3.3 to 57.7 ± 4.5 pg/mL; P<0.0001), calcium (8.9 ± 0.1 to 9.1 ± 0.8 mg/dL; P<0.01), and
lowered PTH (46.4 ± 4.3 to 37.1 ± 3.1 pg/mL; P<0.01). In the current study, we evaluated
the correlation between baseline calcium-regulatory hormones and inflammatory metabolic
markers before and after vitamin D3 therapy (Table 2). Notable cross-sectional trends
included an inverse association between 1,25(OH)2D with fasting blood glucose and
adiponectin, and a positive correlation between PTH with PAI-1 and urinary TGFβ1. In
contrast to these cross-sectional associations, after substantial modulation of calcium-
regulatory hormones with high-dose vitamin D3 intervention, there was no change in
glycemic parameters, adipocytokines, or other inflammatory markers (Table 3). These
interventional findings are in sharp contrast to prior studies that did not employ similar
dietary, environmental, and medication restrictions and reported changes in TGFβ1, glucose
homeostasis, inflammatory markers, and adipocytokines with vitamin D interventions[24–
26].

Modulation of the RAAS via AngII infusion in Protocol 1
As previously reported, AngII infusion resulted in expected acute elevations in mean arterial
pressure (MAP) and serum aldosterone before (MAP: 105.6 ± 7.2 to 115.9 ± 10.7 mmHg
and aldosterone: 3.3 ± 0.2 to 8.2 ± 0.8 ng/dL; both P<0.0001) and after (MAP: 102.7 ± 8.1
to 115.9 ± 10.2 mmHg, aldosterone: 3.7 ± 0.4 to 9.8 ± 1.0; both P<0.0001), vitamin D3
intervention[27]. In contrast to prior studies in healthy lean men[16], AngII infusion did not
acutely modulate adiponectin concentrations in this obese hypertensive population (Figures
1A and 1B). Similarly, resistin concentrations did not change in response to AngII infusion
(Figures 1C and 1D). Although prior studies demonstrated a positive relationship between
aldosterone concentrations and resistin in primary hyperaldosteronism[14], we observed no
association between the AngII-induced change in serum aldosterone and the AngII-induced
changes in adiponectin or resistin (r<0.10 and P=NS for both).
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Modulation of the RAAS via AngII infusion in Protocol 2
The relationship between the RAAS and adipocytokines was examined in subjects with type
2 diabetes and obesity who underwent an AngII infusion in Protocol 2 (Table 1). These
subjects received a more potent dosing of AngII when compared to subjects in Protocol 1 (3
ng/kg/min versus 1 ng/kg/min), and as a result had greater increases in MAP and serum
aldosterone (MAP 95.0 ± 8.1 to 111.5 ± 11.1 mmHg; P<0.0001 and serum aldosterone 2.5 ±
2.5 to 11.5 ± 5.5 ng/dL; P<0.0001). Despite these anticipated AngII-induced changes, AngII
infusion did not acutely influence either adiponectin or resistin levels (Figure 2). Similarly,
no correlation between AngII-induced changes in aldosterone and AngII-induced changes in
adiponectin or resistin were observed (r<0.10 and P=NS for both).

DISCUSSION
Obesity is an inflammatory state characterized by adiponectin deficiency and increased
resistin and leptin; these dysfunctional parameters have been implicated as factors
contributing to obesity-related cardio-metabolic diseases such as diabetes[2, 3, 12, 38]. Prior
studies have described intertwined relationships between adipose-derived peptides
(adipocytokines), the RAAS, and calcium-regulatory hormones[16–18, 26, 31–33]. In the
current study, we evaluated the effect of interventions that modulated calcium-regulatory
hormones, using high-dose vitamin D3 therapy, and sodium-regulatory hormones, using
exogenous AngII infusions, in a clinical research center. The primary objective was to
evaluate whether modulating these hormonal systems influenced adipocytokines and
inflammatory markers in the pathological conditions of human obesity and diabetes, as has
been suggested before by interventions in healthy lean individuals [16] and non-
interventional studies in similar disease states[14]. The reliability of our observations reside
in the study protocols that were meticulously designed to account for dietary electrolytes,
interfering medications, posture, diurnal variation, and other co-morbid medical conditions;
all of these factors are known to alter the measurements or interpretations of the RAAS,
adipocytokines, and calcium-regulatory hormones[17, 18, 36, 39, 40]. Although cross-
sectional associations in the current, and previously reported, studies may suggest potential
relationships between adipocytokines and sodium- and calcium-regulatory hormones[14, 17,
18, 32], robust interventions to modulate these hormonal systems using vitamin D3 therapy
and exogenous AngII infusions did not influence adipocytokines or relevant inflammatory
markers in either the obese hypertensive or obese type 2 diabetes populations.

The Influence of Calcium-Regulatory Hormone Interventions on Adipocytokines and
Inflammation in Obese Hypertensives

Prior cross-sectional studies have suggested that 25(OH)D concentrations are positively
associated with adiponectin and resistin[17, 18, 33], and possibly also with leptin[33–35].
Furthermore, interventional studies using vitamin D3 supplementation[26] or vitamin D
receptor agonists[24, 25] have suggested that raising vitamin D levels (with concomitant
decrements in PTH) may raise adiponectin and lower inflammatory markers such as IL-6,
TGF-β, and C-reactive protein. A potential limitation of these prior studies may reside in
either their observational nature or study design. One such study worthy of discussion is that
conducted by Neyestani et al. which evaluated the effect of vitamin D on cardio-metabolic
profiles in subjects with type 2 diabetes[26]. In this randomized and double-blinded trial,
subjects were treated for 3 months with one of the following interventions (n=30 each): 1) a
yogurt drink with 150 mg of calcium and no vitamin D3; 2) a yogurt drink with 150 mg of
calcium and 500 IU of vitamin D3; or 3) a yogurt drink with 250 mg of calcium and 500 IU
of vitamin D3. Although they observed an increase in adiponectin concentrations with
vitamin D fortified yogurt drinks, it is worth noting that increments in adiponectin were seen
even in the non-vitamin D-fortified group. Furthermore, the group randomized to a vitamin
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D-fortified yogurt drink with the highest calcium content (250 mg) had the greatest
increment in adiponectin. In contrast, our current study argues that the effect of high-dose
vitamin D3 on adiponectin levels, and other inflammatory markers, is null. Although the
vitamin D3 intervention in our Protocol 1 was shorter than that conducted by Neyestani et al.
(1 month versus 3 months), 25(OH)D concentrations in Protocol 1 were raised to a much
higher degree, and in a population with a significantly larger BMI[26, 27]. In addition,
Protocol 1 accounted for dietary sodium content and the use of RAAS and adipocytokine
modulating medications (such as RAAS antagonists), which are known to skew the
measurements and interpretations of these variables[17, 18].

It is well established that adipocytokines and inflammatory markers are influenced by a host
of demographic, environmental, and hormonal variables in addition to renal function[16,
32]; interventional studies that evaluated populations using a heterogeneous combination of
medications, variable co-morbid conditions, and ad-lib diets may have been susceptible to
spurious or non-specific findings[24–26]. In contrast, the evaluation of adipocytokine and
RAAS relationships in normal, healthy, lean individuals has established a physiologic
baseline from which to compare the abnormalities in metabolic disease states such as obesity
and type 2 diabetes[16]. However, since adipocytokine abnormalities are most apparent and
most associated with obesity-related co-morbidities, observations in non-obese populations
may not directly translate to the pathophysiology seen in obesity and type 2 diabetes.
Protocol 1 was designed to modulate calcium-regulatory hormones using high-dose vitamin
D3 therapy in a morbidly obese population, and we previously observed that these
alterations reduced RAAS activity[27]. The fact that these potent changes in the current
study did not translate to changes in adipocytokines or inflammatory markers may have
several potential explanations: 1) prior observational studies in non-healthy populations
reporting positive findings with vitamin D interventions may have been vulnerable to any
number of confounders (such as total body adiposity); 2) favorable changes in adipocytokine
and inflammatory profiles may not be readily induced by vitamin D interventions in the state
of morbid obesity or diabetes for reasons that remain unclear (indications for the latter null
effect have been suggested in prior reports evaluating obese populations[41]); 3) although
modulating calcium-regulatory hormones did not appreciably influence circulating
adipocytokines or inflammatory markers, whether the local adipose-tissue levels of these
components were changed is not known.

The Influence of Sodium-Regulatory Hormone Interventions on Adipocytokines and
Inflammation in Obesity with and without Diabetes

Observational studies have suggested that higher aldosterone concentrations may raise
resistin[14], whereas physiology studies have suggested that acute alterations in the RAAS
induced by modulations in dietary sodium intake could significantly influence adiponectin
and resistin levels[16–18, 42]. Specifically, lowering RAAS activity using a liberal sodium
diet raises adiponectin and lowers resistin, whereas raising RAAS activity with sodium
restriction induces the opposite. Although these human observations supported elegant
animal studies that reported similar observations when RAAS activity was abolished or
heightened[13, 15], they were limited in concluding that RAAS-activity specifically (as
opposed to the other direct effects of dietary sodium manipulation) was causal in influencing
these adipocytokines. Lely et al. demonstrated that an infusion of exogenous AngII in
healthy humans acutely lowered adiponectin in a dose-dependent manner; in contrast,
treatment with enalapril raised adiponectin after 1 week[16]. The population evaluated in
this interventional study was comprised of young, lean, healthy men who therefore had high
adiponectin concentrations. Since adiponectin deficiency in obesity is implicated as a
contributor to cardiovascular and metabolic diseases and is hypothesized to occur due to
excess local-RAAS activity[15], we evaluated whether acute modulations in RAAS activity
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could similarly influence adipocytokines in our obese and “non-healthy” populations. No
changes in adiponectin in response to low dose (1 ng/kg/min) or the higher dose (3ng/kg/
min) of exogenous AngII infusion were observed. Furthermore, in contrast to prior studies
positively associating aldosterone and resistin concentrations, we observed no changes in
resistin levels despite substantial increases in aldosterone using AngII stimulation[14].
These observations may suggest that in contrast to healthy lean individuals, a milieu of
excess adipose-tissue may result in sufficiently saturated endogenous adipose tissue-RAAS
activity (AngII and/or aldosterone)[43, 44] to maximally lower adiponectin and raise
resistin. Whether intervention with pharmacologic RAAS antagonists early in the
progression to obesity could improve adipocytokine profiles or clinical outcomes is not
known.

Strengths and Limitations
The strengths of our study include the evaluation of obese hypertensive and obese diabetic
participants where adipocytokine dysfunction, inflammation, vitamin D insufficiency, and
excess tissue-RAAS activity may be most prevalent and clinically relevant. We studied
participants who were withdrawn of all relevant interfering medications, under controlled
dietary conditions, and studied under controlled posture, after accounting for diurnal rhythm;
these interventions increased the reliability of hormonal measurements and allowed greater
confidence in paired comparisons. Although our study sample sizes were small, the study
designs employed robust interventions to modulate calcium- and sodium-regulatory
hormones in sample sizes that have previously been used to detect changes in healthy
population interventions[16] and observational settings[14]. The evaluation of adipocytokine
and inflammatory markers was not the primary objective of either Protocol 1 or 2; rather, it
was the primary aim of the current post-hoc analysis, which should be considered as a
limitation of the current findings and may be confirmed in future studies. The two study
protocols described were not completely comparable in that they were comprised of
different subjects, the RAAS modulations were slightly different (different AngII doses and
duration of infusions), and only Protocol 1 included a calcium-regulatory hormone
modulation. However, the fact that similar observations were made following AngII
infusions in two separate populations may add confidence to the reliability of our findings.
We studied a pre-determined obese and diabetic demographic, therefore the generalizability
of our observations is limited to these populations. Our study was not designed to elucidate
the biology for our negative findings, rather raises new hypotheses for future pursuits.

Conclusions
In summary, we observed that neither significant alterations in calcium-regulatory hormones
(including large increases in vitamin D metabolites and concomitant decrements in PTH), or
sodium-regulating hormones (including acute dose-dependent increases in AngII and
aldosterone levels), influenced adipocytokines or inflammatory markers in obesity or
diabetes. These findings are in sharp contrast to many prior observational and interventional
studies that either evaluated healthy individuals, or may not have been optimally designed to
minimize potential modulators of these hormonal systems and outcome variables. Our
findings may suggest that the influence of calcium- and sodium-regulatory hormones on the
modulation of adipocytokines and inflammation in states of severe adipose-tissue
dysregulation are either marginalized or nonexistent. Evaluating the factors that contributed
to these abnormal relationships warrants investigation.
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RAAS renin-angiotensin-aldosterone system

AngII angiotensin II

BMI body-mass index

25(OH)D 25-hydroxyvitamin D

1,25(OH)2D 1,25-dihydroxyvitamin D

PTH parathyroid hormone

PAI-1 plasminogen activator inhibitor 1

IL-6 interleukin 6

HOMA-IR homeostatic model assessment

TGFβ1 transforming growth factor β1

MAP mean arterial pressure

IAV intra-assay variation

IEV inter-assay variation
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Figure 1.
Changes in adiponectin in response to low-dose AngII infusion before (A) and after (B)
vitamin D3 therapy, and changes in resistin in response to low-dose AngII infusion before
(C) and after (D) vitamin D3 therapy. Box plots depict the 25th–75th percentile (grey boxes)
and the median (black square).
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Figure 2.
Changes in adiponectin in response to high-dose AngII infusion (A) and changes in resistin
in response to high-dose AngII infusion (B). Box plots depict the 25th–75th percentile (grey
boxes) and the median (black square).
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Table 1

Population Demographics.

Protocol 1 Study Population: Protocol 2 Study Population:

N 14 24

Age (years) 50 ± 2.5 51.4 ± 9.2

Gender (%female) 64 46

Race (%white/%black/%other) 30/70/0 44/39/17

BMI (kg/m2) 36.3 ± 1.2 30.3 ± 5.4

HbA1c (%) 6.0 ± 0.08 7.0 ± 0.8

MAP (mmHg) 105.6 ± 1.9 109.9 ± 3.0

24 hour urine creatinine (mg) 1599.5 ± 103.4 1523.8 ± 99.2
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Table 3

The influence of high-dose vitamin D3 therapy on adipocytokines and inflammatory markers in Protocol 1.

Before Vitamin D3 Intervention After Vitamin D3 Intervention P-value

Fasting glucose (mg/dL) 93.4 ± 2.07 93.4 ± 2.03 0.99

Fasting insulin (μIU/mL) 7.63 ± 1.02 10.49 ± 1.85 0.11

HOMA-IR 1.77 ± 0.25 2.47 ± 0.46 0.14

IL-6 (pg/mL) 4.66 ± 1.18 4.08 ± 0.86 0.76

PAI-1 (ng/mL) 5.17 ± 0.71 5.81 ± 0.90 0.51

Urinary TGFβ1/Urine Creatinine (μg/dL) 94.2 ± 12.0 108.3 ± 18.4 0.48

Adiponectin (μg/mL) 3.87 ± 0.53 3.57 ± 0.40 0.28

Resistin (μg/L) 5.80 ± 0.35 5.98 ± 0.49 0.53

Leptin (ng/mL) 41.11 ± 6.52 42.71 ± 7.58 0.42

Table displays mean values (± standard error of means) before and after vitamin D3 intervention.
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