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Abstract

Although the role of magnesium in blood pressure has been well studied among hy-
pertensive patients, no study has explored the role of magnesium in hypertensive
crises. The primary objective of this study is to evaluate the differences in serum
magnesium levels between hypertensive crises patients and matched controls (age-,
sex-, race-, and diabetes-matched) in a 1:1 random match. This study is a single-center,
retrospective, chart review, case-control study of patients with hypertensive crises
(case group) and patients without hypertensive crises (control group). Patients were
included in the case group if they were 18 years of age or older with hypertensive
crises and have a documented magnesium level. The control group patients were re-
quired to be 18 years of age or older, have no diagnosis of hypertensive crises, and
have a documented magnesium level. The primary outcome of the study was to com-

pare the mean serum magnesium in patients with hypertensive crises versus patients
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1 | INTRODUCTION

Magnesium is the second most abundant intracellular cation after
potassium and the fourth most common abundant cation in the
body.}® Magnesium is involved in a myriad of physiologic processes
in the body namely: intracellular signaling, serving as a cofactor for
DNA and protein synthesis, oxidative phosphorylation, cardiac excit-
ability, neuromuscular transmission, vasomotor tone, blood pressure
regulation, and bone formation.! Total body magnesium is approx-
imately 24 grams in adult humans with 99% existing intracellularly
in bone (53%), muscle (27%), and soft tissue (19%).%? In humans,
only 1% of total body magnesium exists in the extracellular space
(serum and erythrocytes).“ Normal total serum concentration is in
the range of 1.7-2.6 mg/dl (0.7-1.1 mmol/L).! This range of serum
magnesium represents only 0.3% of total body magnesium and may
not accurately reflect the total magnesium status.2* Ten percent
of serum magnesium is complexed to serum anions, thirty percent
of serum magnesium is albumin-bound, and sixty percent of serum
magnesium exists in the ionized, free physiologically active form.!
Serum magnesium is regulated by the dynamic balance and interplay
between intestinal transport, bone transport, and renal exchange.1
Hypertension is a condition marked by elevation in the sys-
tolic blood pressure (SBP) and/or diastolic blood pressure (DBP).>¢
Hypertension is defined variably in clinical practice guidelines as ei-
ther SBP = 130 mmHg and/or DBP > 80 mmHg7 or SBP = 140 mmHg
and/or DBP 2 90 mmHg.®” The overall global prevalence of hyper-
tensionin adults is between 30% and 45%, with a global age-adjusted
prevalence of 24% and 20% in men and women, respectively.” The
prevalence of hypertension among US adults depends on the clini-
cal practice guideline cutpoints to categorize blood pressure, with
an overall prevalence of hypertension among US adults between
32% and 46% and age-sex adjusted prevalence range of 31%-48%
for men and 32%-43% in women.”® Hypertension is a leading risk
factor for cardiovascular diseases (hemorrhagic stroke, ischemic
stroke, myocardial infarction, angina, heart failure, peripheral artery
disease, and aortic aneurysm), end-stage renal disease, death, and
disability.S'10 Hypertensive crises are defined as SBP greater than
180 mmHg and/or DBP greater than 120 mmHg.7’8 Hypertensive
crises can be further classified into: hypertensive emergency (when

without hypertensive crises. Three hundred and fifty-eight patients were included in
the study: 179 patients in both the case group and control group. The primary out-
come results showed that serum magnesium concentration was not significantly dif-
ferent between the case group (1.89 £ 0.29 mg/dl) and control group (1.90 + 0.31 mg/
dl) (p = .787). This study found no significant difference in serum magnesium levels
in patients with hypertensive crises compared to a random matched control group.
Larger observational or experimental studies may be useful to evaluate the effect of

magnesium on blood pressure in hypertensive crises.

there is evidence of target organ damage) and hypertensive urgency
(where there is no evidence of target organ damage).”® Although hy-
pertensive urgency reflects a marked elevation in blood pressure, it
can be managed with maximizing of oral antihypertensive agents;
however, hypertensive emergency is characterized with organ
damage and is associated with a 1-year mortality rate of >79% thus
necessitating swift blood pressure reduction with intravenous an-
tihypertensive agents to prevent sustained deterioration of target
organ damage.”® The role of magnesium on hypertensive crises is
the central focus of our study which is novel; however, much foun-
dational supporting data for our study are drawn from studies eval-
uating the role of magnesium on hypertension.

Results from many clinical trials, albeit inconsistently, have
shown magnesium deficiency (serum and/or tissue) to some degree
in hypertensive subjects, with low magnesium levels linked to a sig-
nificant undesirable effect on blood pressure.*™*® Although magne-
sium has been postulated to modulate blood pressure regulation to
some extent, the precise mechanism of altered magnesium metab-
olism in hypertensive individuals remains unclear.!! The prevailing
postulated mechanism of effect of magnesium on blood pressure is
that magnesium acts as a natural calcium antagonist on most types
of calcium channels in vascular smooth muscles, reducing arterial
blood pressure via lowering of peripheral and cerebral vascular re-
sistance.!* More specifically, the activity of magnesium as a calcium
antagonist produces endothelial-dependent vasodilation and blood
pressure reduction through increases of extracellular magnesium
and reduction of calcium influx.**%1”18 Additionally, magnesium has
been shown to produce vasodilation by increasing prostaglandin
E—a vasodilator and platelet inhibitor—by acting as a cofactor for
delta-6-desaturase enzyme leading to conversion of linoleic acid to
gamma-linolenic acid, a precursor to prostaglandin E18 A strong
interplay has been found between magnesium and other electro-
lytes (potassium, calcium, and sodium) in blood pressure reduction,
with reduction of intracellular sodium and calcium, and increases
in intracellular magnesium and potassium shown to improve blood
pressure.”18

Several observational clinical studies (cohort, case-control, and
cross-sectional) and a meta-analysis have evaluated the relation-
ship between serum magnesium and blood pressure in patients
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with and without hypertension!?'%17-?7; however, no study to our
knowledge has evaluated serum magnesium and blood pressure
relationship among patients with hypertensive crises. Among ex-
isting studies in patients with and without hypertension, some of
the studies performed tests of association (correlation, odds ratio,
risk ratios, and hazard ratios) between magnesium and blood pres-

12,14-16,19,20,23,24,26,27 \yhjle some studies looked at mean dif-

sures
ferences in magnesium among hypertensive versus normotensive
patients.lz'is’22 Collectively, these studies have revealed conflict-
ing evidence on the relationship between serum magnesium levels
and blood pressure, with some studies showing negative associa-

tion,12'16'19'21'24'25 20,22,23,26,27

and others showing no association or
a positive association.? In a related fashion, effect of magnesium
supplementation on blood pressure has been studied extensively.
Nine out of the ten studies (clinical trials, Cochrane Review, and
meta-analyses) reviewed showed mostly positive association/effect
of magnesium supplementation with lower SBP, DBP, or both?¢28-%;
and only one study found no significant effect of magnesium sup-
plementation on blood pressure.®® This prevailing positive effect of
magnesium supplementation lowering blood pressure proved com-
pelling and served as a major foundational basis for our study eval-
uating whether serum magnesium is a factor that contributes to the
dysregulated high blood pressure seen in patients with hypertensive
crises. We hypothesized that serum magnesium will be significantly
lower in patients with hypertensive crises and that low serum mag-
nesium will be significantly associated with blood pressures (SBP
and DBP) in patients with hypertensive crises.

The primary objective of this study is to evaluate the differences
in serum magnesium levels between patients with hypertensive cri-
ses and matched controls (age-, sex-, race-, and diabetes-matched)
in a 1:1 random match. The aim of the study is to determine the
relationship between serum magnesium and blood pressure in hy-
pertensive crises and provide preliminary data for future studies
exploring the use of magnesium supplementation in patients with
hypertensive crises. Secondary objectives were to evaluate the as-
sociation between serum magnesium (and other electrolytes) and
blood pressure in patients with hypertensive crises, determine the
effects of covariates (age, sex, race, body mass index [BMI], and
history of diabetes mellitus) on the relationship between serum
magnesium and blood pressures, and to compare the mean BMI in
patients with hypertensive crises versus patients without hyperten-
sive crises.

2 | STUDY DESIGN AND METHODS

This study is a single-center, retrospective, chart review, case-
control study conducted at University Medical Center New Orleans
(UMCNO) in New Orleans, Louisiana. In this case-control study,
patients with hypertensive crises were included in the case group,
while the control group consisted of patients without hypertensive
crises who were admitted to the hospital during the same time pe-
riod from August 2013 to August 2015. This study was approved by

the Xavier University of Louisiana Institutional Review Board (IRB)
and UMCNO Research Review Committee (RRC).

Patients who were 18 years of age or older with an interna-
tional classification disease ninth revision (ICD-9) code of 401.9
(hypertensive crises: emergency or urgency) and a documented
magnesium level on their electronic medical record (during the
hypertensive crises hospital admission) were included in the case
group. Hypertensive crises were defined as systolic blood pres-
sure (SBP) greater than 180 mmHg and/or diastolic blood pressure
(DBP) greater than 120 mmHg. Patients identified as having hyper-
tensive crises based on ICD-9 codes were confirmed to have two
occurrences of either systolic blood pressure (SBP) greater than
180 mmHg and/or diastolic blood pressures (DBP) greater than
120 mmHg within 48 hours of the hospital encounter. Hypertensive
crises were further categorized as either hypertensive urgency (ab-
sence of acute or on-going target organ damage) or hypertensive
emergency (presence of acute or on-going target organ damage).
Target organ damage by system included neurologic (hypertensive
encephalopathy and intracranial hemorrhage), cardiac (acute myo-
cardial infarction, acute left ventricular failure, unstable angina,
and dissecting aortic aneurysm), and renal (acute kidney injury). All
diagnoses of target organ damage were confirmed with both the
physician diagnosis documented on the patients' problem list and
clinical findings (laboratory results, imaging, signs, and symptoms)
made on the patients. Hypertensive encephalopathy diagnosis was
verified based on physical examination findings of headache and al-
tered level of consciousness. Diagnosis of intracranial hemorrhage
was confirmed using a computed tomography scan (or magnetic res-
onance imaging) of the head with or without contrast, performed on
patients with neurologic symptoms, which includes change in mental
status or focal neurologic signs indicative of cerebrovascular acci-
dent or hemorrhage. Unstable angina diagnosis was made clinically
and confirmed with documented new or sudden chest pain, while
myocardial infarction diagnosis was confirmed with elevated serum
troponin levels and electrocardiogram (EKG) findings. Acute left
ventricular failure was diagnosed with echocardiographic findings
of a decreased ejection fraction less than 40% as well as physical
examination findings of elevated jugular venous pressures (disten-
sion), crackles, or edema. Diagnosis of dissecting aortic aneurysm
was confirmed from imaging studies revealing wide mediastinum on
chest x-ray and/or chest CT scan with or without contrast. Acute
kidney injury was defined as a serum creatinine greater than 2 mg/dl,
which is new onset in absence of prior renal disease and/or increase
in SCr of 0.5 mg/dl or greater. The control group patients were re-
quired to be 18 years of age or older with a documented magnesium
level on their medical record during the hospital admission. Control
group patients were excluded if they experienced a blood pressure
fitting the criteria of hypertensive crises, as defined above.

Exclusion criteria were based on patient conditions interfer-
ing with serum magnesium levels including: chronic kidney dis-
ease (CKD) stages 3, 4, and 5, end-stage renal disease (ESRD),
hepatic cirrhosis, pheochromocytoma, alcoholism, chronic diar-
rhea, and hyperaldosteronism. Patients who received magnesium
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supplementation (IV or oral) prior to serum magnesium level
collection (both at home and in the hospital) were excluded.
Additionally, patients who received inotropes or vasopressors (in-
cluding epinephrine, norepinephrine, dopamine, phenylephrine,
vasopressin, dobutamine, or milrinone) prior to blood pressure
collection were excluded from the study. Patients who had an un-
identifiable glomerular filtration rate (GFR) value were excluded
in the final analyses.

All patient data were obtained from UMCNO's electronic med-
ical record. The following demographic data were collected: age,
sex, race, body mass index (BMI), and history of diabetes mellitus.
Outcome variables collected included serum magnesium (mg/dl),
serum calcium (mg/dl), serum potassium (mEq/L), SBP (mmHg), and
DBP (mmHg). Corrected calcium (mg/dl) was calculated using the
formula: corrected calcium = patient's measured serum calcium in
mg/dl + (0.8 x [4 gm/dl - patient's measured albumin in gm/dl]). The
adjusted correct serum used the actual patient's measured serum
calcium when albumin was 4 gm/dl or greater, while the unadjusted
corrected calcium applied the corrected calcium formula regardless
of the patient's measured albumin level. Additionally, predictor vari-
ables were collected and include: at home and hospital use of loop
diuretics (furosemide, bumetanide, torsemide, and ethacrynic acid),
at home and hospital use of thiazide and thiazide-like diuretics (hy-
drochlorothiazide, chlorthalidone, chlorothiazide, metolazone, and
indapamide), at home and hospital use of proton pump inhibitors, al-
bumin levels (gm/dl), Modification of Diet in Renal Disease (MDRD)
glomerular filtration rate (GFR) (ml/min/1.73 m?), and CKD stages 1,
and 2 diagnosis.

2.1 | Outcomes

The primary outcome of the study was to compare the mean serum
magnesium in patients with hypertensive crises versus patients
without hypertensive crises. Secondary outcomes of the study are
to assess the correlation between serum magnesium (and other
electrolytes) on blood pressures (SBP and DBP) in patients with hy-
pertensive crises; determine the effects of covariates such as age,
race, sex, body mass index (BMI), and history of diabetes mellitus on
the relationship between serum magnesium and blood pressure; and
compare the mean BMI in patients with hypertensive crises versus
patients without hypertensive crises.

2.2 | Statistical analyses

The control group was randomly matched to the cases in a 1:1
ratio based on the covariates of age, sex, race, and history of dia-
betes. The matching for race was performed using two categories
of African Americans and non-African Americans (Whites, Asians,
Native Hawaiian/Pacific Islanders, and racial category of “other”)
because the sample size for the non-African American races, except
Whites, was small.

Case Group Reviewed
[n = 1608]

Excluded
[n = 1429]

Case Group Included
[n=179]

FIGURE 1 Flow chart of patient selection into the case group

Descriptive statistical analysis was performed on demographic
characteristics. A chi-square test or Fisher's exact test was used to
compare between-group differences for categorical variables in the
baseline characteristics. Student's t test was used to compare the
continuous variables between groups (mean serum magnesium lev-
els, mean albumin levels, MDRD GFR, and body mass index) between
the case and control group. Simple linear regression was performed
to assess the correlation (r) and coefficient of determination (R?)
between serum magnesium, serum calcium, corrected calcium, and
serum potassium on blood pressures (SBP and DBP) in patients with
hypertensive crises. Multivariable linear regression was performed
to assess effects of magnesium on blood pressures (SBP and DBP)
at the time of hypertensive crises while adjusting for covariates.
Logistic regression analyses were performed to assess the odds of
having either abnormally low (<1.5 mg/dl) or high (>2.6 mg/dl) serum
magnesium in cases compared to matched controls. Statistical anal-
yses were performed using SAS® version 9.4. An « value <.05 was

considered statistically significant.

3 | RESULTS

There were 358 patients who were included in the study: 179 pa-
tients in both the case group and the randomly matched control
group (see Figures 1 and 2). Baseline demographics were similar
between groups for the matched variables of age, sex, race (using
two categories of African Americans and non-African Americans),
and history of diabetes (see Table 1). There were 49 non-African
Americans in both the case group and control groups. Majority of
the non-African Americans were White: case group (n = 39) and
control group (n = 45). Altogether, Asians, Native Hawaiian/Pacific
Islanders, and racial category of “other” were small and made up less
than 6% of the case and control groups. There were significant base-
line differences between the case and control group in SBP, DBP, the
use of hospital loop diuretics, use of home thiazide diuretics, use of
hospital thiazide diuretics, CKD staging, and albumin. SBP, DBP, the
use of hospital loop diuretic, home thiazide diuretics, and hospital
thiazide diuretics were all significantly higher in cases compared to
controls. CKD staging was significantly different between cases and
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Control Group Reviewed
[n =5800]

Excluded
[n =3932]

Control Group Included
Pre-Random Matching

[n=1868]

Excluded from
Random Matching

[n =1689]

Control Group Included
Post-Random Matching

[n =179]

FIGURE 2 Flow chart of patient selection into the random
matched control group

controls. Additionally, albumin level was significantly lower in the
control group compared to the cases. The blood pressure average
and ranges are reported in Table 1 and reflect that patients may have
met the hypertensive crises definition through either SBP greater
than 180 mmHg, DBP greater than 120 mmHg, or both SBP greater
than 180 mmHg and DBP greater than 120 mmHg. The lower values
in the range account for the likelihood of patients meeting the hy-
pertensive crises definition through one of the criteria: either SBP
or DBP alone.

The primary outcome result is displayed on Table 2 and showed
that serum magnesium concentration was not significantly different
between the case group and control group. Table 2 also displays
results comparing the BMI between the case group and the con-
trol group. The result revealed a significantly higher BMI in the case
group compared to a lower BMI in the control group.

Tables 3 displays the relationship between magnesium and sys-
tolic blood pressure or diastolic blood pressures in a simple linear
regression analysis performed only on the case group. The results
show that there is no significant association between magnesium
and either SBP or DBP. Additionally, the results of the relationship
between several electrolytes (calcium, corrected calcium (adjusted
and unadjusted), and potassium) and SBP or DBP in a simple linear
regression analysis are reported on Table 3. Of all the additional
electrolytes assessed, only calcium showed a significant positive
correlation (r = .147) to SBP with 2.2% of the variability in SBP at-
tributed to calcium (R? = .022, p = .049).

In the results from multivariable regression analysis performed
only on the case group (Table 4), after adjusting for covariates (age,
sex, race, history of diabetes, BMI, use of diuretics (loop and thia-
zides) at home and hospital, use of proton pump inhibitors at home
and hospital, CKD staging, Albumin, GFR), magnesium was not sig-
nificantly correlated with either SBP or DBP in patients with hy-
pertensive crises. The results of the logistic regression analysis are

TABLE 1 Baseline demographics

Baseline demographics

Age [Mean + SD
years; (range)]

Sex

Race

History of diabetes
mellitus

Hypertensive crises
diagnosis

Systolic blood
pressure
[Mean + SD
mmHg; (range)]

Diastolic blood
pressure
[Mean + SD
mmHg; (range)]

Use of home loop
diuretic

Use of hospital loop
diuretic

Use of home
thiazide diuretic

Use of hospital
thiazide diuretic

CKD staging

Albumin [Mean + SD
gm/dl]

MDRD Glomerular
filtration
rate (GFR)
[Mean + SD ml/
min/1.73 m?]

Cases
N =179

57.23+12.88
(24-91)

Male 93
(51.96%)

Female 86
(48.04%)

African
American
130
(72.63%)

Non-African
American
49
(27.37%)

Diabetic: 49
(27.37%)

Non-diabetic:
130
(72.63%)

Urgency 151
(84.36%)

Emergency 28
(15.64%)

194.7 £ 24.92
(106-286)

114.3 + 19.46
(70-162)

22(12.29%)

72 (40.22%)

45 (25.14%)

66 (36.87%)

Stage 1: 6
(3.35%)

Stage 2: 15
(8.38%)

No CKD: 158
(88.27%)

3.58£0.61

66.09 + 26.31

Controls
N =179 p-Value
56.74 +15.41 744
(18-98)
Male 98 .5963
(54.75%)
Female 81
(45.25%)
African 1.000
American
130
(72.63%)
Non-African
American
49 (27.37%)
Diabetic: 51 .8137
(28.49%)
Non-diabetic:
128
(71.51%)
N/A N/A
123.3 £21.85 <.0001
(68-168)
77.21 £ 14.22 <.0001
(40-118)
24 (13.41%) 7521
32 (17.88%) <.0001
16 (8.94%) <.0001
10 (5.59%) <.0001
Stage 1: 0 (0%) <.0001
Stage 2: 2
(1.12%)
No CKD: 176
(98.88%)
3.43+0.73 <.038
68.18 £ 28.04 468

Abbreviations: CKD, chronic kidney disease; MDRD, Modification of

Diet in Renal Disease.
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TABLE 2 Differences in serum magnesium and BMI between
hypertensive crises patients and controls

Differences in serum magnesium and BMI between hypertensive
crises patients and controls

Cases Controls
(N =179) (N =179) p-Value
Mean serum 1.89 £0.29 1.90+0.31 787
magnesium levels
(mg/dl)
Mean BMI (kg/m?) 30.67 +8.53  27.54+6.87 <.001

TABLE 3 Relationship between serum magnesium (other
electrolytes) and SBP at crises or DBP at crises-cases

Relationship between magnesium and SBP at crises or DBP at
crises (N = 179)

Variables r R? ‘\o/alue
SBP at crises
Magnesium .054 .003 474
Calcium 147 .022 .049
Corrected calcium (Adjusted) .054 .003 478
(N=177)
Corrected calcium .036 .001 .632
(Unadjusted) (N = 177)
Potassium -117 .014 119
DBP at crises
Magnesium .009 .000 .899
Calcium .046 .002 .537
Corrected calcium (Adjusted) .004 .000 953
(N=177)
Corrected calcium -.015 .000 .842
(Unadjusted) (N = 177)
Potassium -.110 .012 143

Abbreviations: DBP, diastolic blood pressure; SBP, systolic blood
pressure.

reported on Table 5. The odds of having either abnormally low serum
magnesium or abnormally high serum magnesium were not signifi-

cantly different between the case group and the control group.

4 | DISCUSSION

This study contributes much to the understanding of the role of
magnesium in patients with hypertensive crises. Our study found no
significant serum magnesium difference between the case group and
the matched control group. This finding is consistent with the results
from Kozielec et al?? study which showed no significant difference
in serum ionized magnesium levels among hypertensive patients and
controls. However, our study result is divergent from majority of
the studies that compare mean magnesium in hypertensive patients

TABLE 4 Relationship between serum magnesium and SBP at
crises or DBP at crises-cases (Adjustment for covariates)

Relationship between serum magnesium and SBP at crises or DBP
at crises (N = 179)

Variables B +SE p-Value
SBP at crises

Magnesium 512+ 6.70 440
DBP at crises

Magnesium 3.67 £5.12 470

Note: Adjusted for covariates—Age, sex, race, history of diabetes, BMI,
use of diuretics (loop and thiazides) at home and hospital, use of proton
pump inhibitors at home and hospital, CKD staging, Albumin, GFR.

Abbreviations: DBP, diastolic blood pressure; SBP, systolic blood
pressure.

compared to normotensive individuals; four of these studies showed
statistically significant lower serum or erythrocyte magnesium level
in hypertensives compared to normotensive individuals.*?*° It is
worth noting that the matched control group in our study included
patients who could be normotensive or hypertensive; and so our
control group is not a normotensive group and should be extrapo-
lated carefully. It is plausible to consider that our pilot/exploratory
study was not adequately powered to detect significant differ-
ences in magnesium between patients with hypertensive crises and
matched controls without hypertensive crises.

The major secondary outcome of our study evaluated the rela-
tionship between magnesium and blood pressures (SBP and DBP)
in patients with hypertensive crises. Our study did not find a sig-
nificant correlation between magnesium and either SBP or DBP in
both a simple linear regression analysis (Table 3) and multivariable
linear regression analysis (Table 4). This negative finding conflicts
with the results from several studies which showed either a signif-

121416192425 ¢ 3 positive correlation.?°

icant negative correlation
However, this negative finding of no significant association between
magnesium and blood pressure has been reported in several studies
previously.?%?32627 More specifically, a robustly designed meta-
analysis by Han et al?® found no significant association between
serum magnesium and blood pressure (risk ratio [RR] = 0.91, 95% Cl:
0.80-1.02). We also performed a logistic regression and found no
significant difference in the odds of having an abnormally high or low
magnesium among patients with hypertensive crises compared to
matched controls. Altogether, our study did not detect a significant
association between magnesium and blood pressure (SBP or DBP) in
patients with hypertensive crises which suggests that serum mag-
nesium may not play a pronounced role in the dysregulated blood
pressure seen in patients with hypertensive crises.

Among the additional electrolytes (calcium, corrected calcium
(adjusted and unadjusted), and potassium) we assessed for a rela-
tionship with blood pressures (Table 3), we found that only serum
calcium showed significant correlation to SBP but not DBP. The
positive association of serum calcium to SBP has been reported in
several studies previously'®®743; however, conflicting relationship
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TABLE 5 0Odds of having abnormally
low serum magnesium (<1.5 mg/dl)

or abnormally high serum magnesium
(>2.6 mg/dl) in cases versus controls

Odds of abnormally low serum

magnesium (<1.5 mg/dl)

Odds of abnormally high serum

95%
Standard  Odds confidence
Estimate error ratio interval p-Value
-0.3604 4283 0.697  0.300, 1.619 401
0.4111 9191 1.509  0.248,9.194 .655

magnesium (>2.6 mg/dl)

(negative association or no association) between serum calcium
and blood pressure has been reported in the literature as well.*+4®
Calcium and potassium were measured because of strong link-
ages of these electrolytes with blood pressure, especially in con-
cert with magnesium.”*3151820 oyr study also explored the role
of body weight on patients with hypertensive crises compared to
control group, and we found that BMI was significantly higher in
the case group (30.67 + 8.53 kg/mz) compared to the control group
(27.54 + 6.87 kg/m?). Our finding of higher BMI in the case group
compared to the control group is consistent with literature that has
shown obesity and overweight as a strong predisposing risk factor
for hypertension and elevated blood pressure.‘w’55

The strengths of our study include its case-control study de-
sign, use of statistical tests to create randomly matched groups,
and employment of diverse statistics that explored between-
group differences and association within group, and the pilot/
exploratory nature of our study. The case-control study design al-
lowed us to investigate whether there is a true difference in mean
serum magnesium between the hypertensive crises patients and
control group. Additionally, we performed correlational analysis to
examine the association between magnesium and blood pressure
in hypertensive crises. The random matching process also allowed
us to have a control group similar to the cases on the covariates of
age, sex, race, and history of diabetes which softened the effects
of these covariates on the study outcomes, improving the study's
internal validity. This study is also a pilot/exploratory study and is
thus a hypothesis-generating study which can provide population
estimates to help determine the appropriate power and sample
size to study the effect of magnesium on hypertensive crises in
future studies.

Our study has several limitations which impact the internal and
external validity of our study. First, this study is a single-center study
and as such limits the generalizability of our study to patients across
institutions. The findings from this single-center study should be ex-
trapolated cautiously to individual patients and patient populations
with hypertensive crises. The matched control group in our study
included patients who were either normotensive or hypertensive.
This may weaken the internal validity of the study given the hetero-
geneity of our matched control group and the lack of result delin-
eation between normotensive versus hypertensive patients in our
study. This study was a retrospective study which introduces vari-
ability on the time when variables were collected; as variables were

not collected uniformly at narrow and specific times. Our study was

also a non-interventional/non-experimental study which impacts
the internal validity and excludes our study from the ability to as-
sess causation. Our study provides results that examine association
between variables evaluated. Our study was not a randomized study
and confounding variables may have impacted our study results
given that some baseline characteristics were significantly different
between groups. Given the retrospective nature of our study, some
notable variables were not accounted for or controlled and therefore
may confound our main study variables (magnesium and/or blood
pressure). These potential confounding variables include, but are not
limited to: BMI, use of diuretics therapy, type of treatment used to
manage hypertension/hypertensive crises, underlying primary eti-
ology/cause of hypertension/hypertensive crises, use of oral con-
traceptives in females, etc When accounting for BMI as a potential
confounding variable, our study did not match our control group to
the case group on BMI consistent with many studies***>>6-6%; pe-
cause although BMI has been associated with hypomagnesemia in
studies,’ % diabetes was the major driver of hypomagnesemia in a
study of obese patients.>® Additionally, we found that BMI was not
correlated to serum magnesium in our study in a linear regression
analysis. Another important limitation of our study is that magne-
sium is predominantly an intracellular cation, and given that intracel-
lular magnesium is not routinely measured clinically at our hospital,
the serum magnesium obtained from our electronic hospital record
may not be a good reflection of patients' magnesium stores.}? Lastly,
our study had a small sample size (n = 358), which increases the
probability of type Il errors—a weakened probability to detect sig-
nificant differences that may exist in the true population of patients
from which our sample population was obtained. Our inability to de-
tect significant differences in the serum magnesium levels between
the case and control groups of our study may be linked to the small
sample size of our study.

5 | CONCLUSION

This study found no significant difference in serum magnesium levels
in patients with hypertensive crises compared to a random matched
control group. There was no significant association between magne-
sium and either systolic blood pressure or diastolic blood pressure
in patients with hypertensive crises. When adjusting for covariates,
magnesium was not significantly correlated with systolic blood pres-

sure or diastolic blood pressure in patients with hypertensive crises.



ONORET AL.

1236
—I—Wl LEY

Association of magnesium to blood pressure in hypertensive crises
may be insignificant based on this case-control study. Larger studies
may be warranted to evaluate true effect of magnesium on blood
pressure in hypertensive crises. Results from larger studies investi-
gating the effect of magnesium on blood pressure in hypertensive
crises patients will move clinical evidence closer to the true effect
of magnesium on blood pressure in hypertensive crises and should
serve as the basis for an experimental study testing the therapeutic

utility of magnesium in hypertensive crises.
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