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Abstract 49 

 50 

Background: The role of magnesium in blood pressure has been studied among hypertensive patients, 51 

however, no study has explored the role of magnesium in hypertensive crises. The primary objective of 52 

this study is to evaluate the relationship between serum magnesium and blood pressure in patients with 53 

hypertensive crises. 54 

 55 

Methods: This study is a single-center, retrospective, chart review, cohort study of patients with 56 

hypertensive crises. Patients were included in the study cohort if they were eighteen years of age or 57 

older with an international classification disease ninth revision (ICD-9) code of 401.9 (hypertensive 58 

crises: emergency or urgency) and a documented magnesium level on their electronic medical record. 59 

The primary outcome of the study was to assess the correlation between serum magnesium on blood 60 

pressure (systolic blood pressure and diastolic blood pressure) in patients with hypertensive crises. The 61 

secondary outcomes were to assess the association between serum calcium, corrected calcium, and 62 

serum potassium on blood pressure in patients with hypertensive crises and to determine the effects of 63 

covariates in modulating the relationship between serum magnesium and blood pressure. 64 

 65 

Results: Two hundred and ninety-three patients were included in the study. The primary outcome result 66 

showed that serum magnesium was positively correlated with systolic blood pressure (r=0.143, 67 

p=0.014), but not diastolic blood pressure. Serum calcium was also found to be positively correlated 68 

with systolic blood pressure, but not diastolic blood pressure. After adjusting for covariates in the 69 

solution for fixed effects analysis, serum magnesium, serum calcium, corrected calcium, and use of 70 

home proton pump inhibitors were correlated with systolic blood pressure at crises; while age, serum 71 

calcium, and corrected calcium were significantly correlated with diastolic blood pressure at crises.  72 
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 73 

Conclusion: This study found a significant positive association between magnesium and systolic blood 74 

pressure, but not diastolic blood pressure among patients with hypertensive crises. This positive 75 

association of serum magnesium with systolic blood pressure was maintained after adjusting for 76 

covariates. This study findings suggests a potential role of magnesium in blood pressure among patients 77 

with hypertensive crises. Future studies should evaluate the role of serum magnesium modifying 78 

therapies in controlling blood pressure in patients with hypertensive crises.   79 

 80 

 81 

Keywords: Magnesium, Blood Pressure, Hypertensive Crises 82 
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Introduction 97 

Magnesium is the second most abundant intracellular cation after potassium and the fourth most 98 

abundant cation in the body (1–3). In adult humans, total body magnesium store is approximately 24 99 

grams with 99% existing intracellularly [bone (53%), muscle (27%), and soft tissue (19%)] and 1% existing 100 

in the extracellular space (serum and erythrocytes) (1,2). Normal total serum concentration is in the 101 

range of 1.7–2.6 mg/dL (0.7–1.1 mmol/L) (1). This serum magnesium range represents approximately 102 

0.3% of total body magnesium and may not accurately reflect the total magnesium status (2,4). Ten 103 

percent of serum magnesium is complexed to serum anions, thirty percent of serum magnesium is 104 

albumin-bound, and sixty percent of serum magnesium exists in the ionized, free physiologically active 105 

form (1). Serum magnesium homeostasis is regulated by the interplay between intestinal transport, 106 

bone transport, and renal exchange (1).  Magnesium is involved in a plethora of physiologic processes in 107 

the body namely: intracellular signaling, serving as a cofactor for DNA & protein synthesis, oxidative 108 

phosphorylation, cardiac excitability, vasomotor tone, blood pressure regulation, neuromuscular 109 

transmission, and bone formation (1–3).  110 

 111 

Hypertension is a condition characterized by elevation in the systolic blood pressure (SBP) and/or 112 

diastolic blood pressure (DBP) (5,6). Clinical practice guidelines define hypertension using different 113 

cutpoints as either SBP ≥ 130 mmHg and/or DBP ≥ 80 mmHg(7) or SBP ≥ 140 mmHg and/or DBP ≥ 90 114 

mmHg (8,9). The global prevalence of hypertension in adults is between 30% - 45%; with a global age-115 

adjusted prevalence of 24% and 20% in men and women, respectively (9). The prevalence of 116 

hypertension among US adults depends on the clinical practice guideline cutpoints to categorize blood 117 

pressure; with an overall prevalence of hypertension among US adults between 32% - 46% and age-sex 118 

adjusted prevalence range of 31% - 48% for men and 32% - 43% in women (7,8). Hypertension remains a 119 

leading risk factor for cardiovascular diseases (hemorrhagic stroke, ischemic stroke, myocardial 120 
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infarction, angina, heart failure, peripheral artery disease, and aortic aneurysm), end-stage renal 121 

disease, death, and disability (5–10). Hypertensive crises is defined as SBP greater than 180 mmHg 122 

and/or DBP greater than 120 mmHg (7,8). Hypertensive crises can be further classified into: 123 

hypertensive urgency (when there is no evidence of target organ damage) and hypertensive emergency 124 

(when there is evidence of target organ damage) (7,8). Although hypertensive urgency reflects a marked 125 

elevation in blood pressure, it can be managed by increasing or optimizing the dose of oral 126 

antihypertensive agents. Hypertensive emergency, however, is characterized with target organ damage 127 

and is associated with a 1-year mortality rate of > 79%; thus necessitating swift blood pressure reduction 128 

with intravenous antihypertensive agents to prevent sustained deterioration of target organ damage 129 

(7,8). The principal focus of our study is to examine the role of magnesium on SBP and DBP in 130 

hypertensive crises anchored by background evidence from studies evaluating the role of magnesium in 131 

hypertension. 132 

 133 

Multiple clinical trials have shown, albeit inconsistently, that magnesium deficiency (serum and/or 134 

tissue) occurs to some degree in hypertensive subjects; with low magnesium levels linked to a significant 135 

undesirable effect on blood pressure (11–16). Although magnesium has been postulated to modulate 136 

blood pressure regulation, the precise mechanism of altered magnesium metabolism in hypertensive 137 

individuals remain unclear (11). The prevalent postulated mechanism of the effect of magnesium on 138 

blood pressure is that magnesium acts as a natural calcium antagonist on most types of calcium 139 

channels in vascular smooth muscles, thus reducing arterial blood pressure through lowering of 140 

peripheral and cerebral vascular resistance (11). More specifically, the activity of magnesium as a 141 

calcium antagonist produces endothelial dependent vasodilation and reduction of blood pressure 142 

through increases of extracellular magnesium and reduction of calcium influx (4,11,17,18). Magnesium 143 

has also been shown to produce vasodilation by increasing prostaglandin E – a vasodilator and platelet 144 
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inhibitor (17,18). Magnesium is also an essential cofactor for delta-6-desaturase enzyme which converts 145 

linoleic acid to gamma linolenic acid, a precursor to prostaglandin E (17,18). Additionally, a strong 146 

interaction has been found between magnesium and other electrolytes (potassium, calcium, and 147 

sodium) in blood pressure reduction; with reduction of intracellular sodium and calcium, and increases 148 

in intracellular magnesium and potassium shown to improve blood pressure (17,18). 149 

 150 

Several observational clinical studies and a meta-analysis have evaluated the relationship between 151 

serum magnesium and blood pressure in patients with and without hypertension (12,14,25,15,16,19–152 

24); however, no published study to our knowledge has evaluated serum magnesium and blood 153 

pressure relationship among patients with hypertensive crises. The available published studies 154 

performed tests of association (correlation, odds ratio, risk ratios, and hazard ratios) between 155 

magnesium and either blood pressure or hypertension (12,14,25,15,16,19–24). Among the ten studies 156 

that performed a test of association between serum magnesium and either blood pressure or 157 

hypertension, six studies found a significant negative association (14–16,20,21,24), three studies found 158 

no significant relationship (12,19,23), and one study found a significant positive correlation between 159 

serum magnesium and blood pressure in women only (25). The meta-analysis by Han et al. found no 160 

significant association between serum magnesium and blood pressure, although there was a trend 161 

towards negative association between serum magnesium and blood pressure (Risk Ratio (RR) = 0.91, 162 

95% CI: 0.80 – 1.02) (22). Collectively, these studies have revealed conflicting evidence on the 163 

relationship between serum magnesium levels and either blood pressure or hypertension; with some 164 

studies showing  negative association (14–16,20,21,24),  and others showing either no association 165 

(12,19,22,23,25) or a positive association (25). Similarly, the effect of magnesium supplementation on 166 

blood pressure has been studied extensively. Nine out of the ten studies (clinical trials, Cochrane Review 167 

and meta-analyses) reviewed showed mostly positive association/effect of magnesium supplementation 168 
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in lowering SBP, DBP, or both (22,26–33); and only one study found no significant effect of magnesium 169 

supplementation on blood pressure (34). This prevailing positive effect of magnesium supplementation 170 

in lowering blood pressure proved compelling and served as the foundational rationale for our study 171 

evaluating whether serum magnesium is a factor that contributes to the dysregulated high blood 172 

pressure seen in patients with hypertensive crises. We hypothesized that low serum magnesium will be 173 

significantly associated with blood pressure (SBP and DBP) in patients with hypertensive crises. 174 

 175 

The primary objective of this study is to evaluate the correlation between serum magnesium and blood 176 

pressure (SBP and DBP) in hypertensive crises. Secondary objectives were to evaluate the association 177 

between serum calcium, corrected calcium, and serum potassium on blood pressure in patients with 178 

hypertensive crises, and to determine the effects of covariates [age, sex, race, body mass index (BMI), 179 

history of diabetes mellitus, use of proton pump inhibitors at home, use of blood pressure medications 180 

at home or hospital, use of oral magnesium at home, use of intravenous magnesium at hospital, serum 181 

calcium at crises, corrected calcium at crises, and serum potassium at crises] in modulating the 182 

relationship between serum magnesium and blood pressure.  183 

 184 

 185 

 186 

 187 

 188 

 189 

 190 

 191 

 192 
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Study Design and Methods: 193 

This study is a single-center, retrospective, chart review, cohort study conducted at the Interim 194 

Louisiana State University Hospital (ILH) – New Orleans, Louisiana. The study cohort data was reviewed 195 

from patients who were admitted to ILH with hypertensive crises during a 2-year period from July 2012 196 

to July 2014. This study was approved by the Xavier University of Louisiana Institutional Review Board 197 

(IRB) and ILH Research Review Committee (RRC).  198 

 199 

Patients who were eighteen years of age or older with an international classification disease ninth 200 

revision (ICD-9) code of 401.9 (hypertensive crises: emergency or urgency) and a documented 201 

magnesium level on their electronic medical record (during the hypertensive crises hospital admission) 202 

were included in the study cohort. Hypertensive crises was defined as systolic blood pressure (SBP) 203 

greater than 180 mmHg and/or diastolic blood pressure (DBP) greater than 120 mmHg. Patients 204 

identified as having hypertensive crises based on ICD-9 codes were confirmed to have either systolic 205 

blood pressure (SBP) greater than 180 mmHg and/or diastolic blood pressure (DBP) greater than 120 206 

mmHg. Hypertensive crises was further categorized as either hypertensive urgency (absence of acute or 207 

on-going target organ damage) or hypertensive emergency (presence of acute or on-going target-organ 208 

damage). Target organ damage by system included neurologic (hypertensive encephalopathy, 209 

intracranial hemorrhage, acute ischemic stroke), cardiac (acute myocardial infarction, acute left 210 

ventricular failure, unstable angina, dissecting aortic aneurysm), and renal (acute kidney injury). All 211 

diagnoses of target organ damage were confirmed with both the physician diagnosis documented on 212 

the patients’ problem list and clinical findings (laboratory results, imaging, signs, and symptoms) made 213 

on the patients. Hypertensive encephalopathy diagnosis was verified based on physical exam findings of 214 

headache and altered level of consciousness. Diagnosis of intracranial hemorrhage and acute ischemic 215 

stroke was confirmed using a computed tomography (CT) scan or magnetic resonance imaging of the 216 
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head with or without contrast, and was performed on patients with neurologic symptoms, which 217 

includes change in mental status or focal neurologic signs indicative of cerebrovascular accident or 218 

hemorrhage. Unstable angina diagnosis was made clinically and confirmed with documented new or 219 

sudden chest pain, while myocardial infarction diagnosis was confirmed with elevated serum troponin 220 

levels and electrocardiogram (EKG) findings. Acute left ventricular failure was diagnosed with 221 

echocardiographic findings of a decreased ejection fraction less than 40% as well as physical exam 222 

findings of elevated jugular venous pressure (distension), crackles, or edema. Diagnosis of dissecting 223 

aortic aneurysm was confirmed from imaging studies revealing wide mediastinum on chest x-ray and/or 224 

chest CT scan with or without contrast. Acute kidney injury was defined as a serum creatinine (SCr) 225 

greater than 2 mg/dL, which is new onset in absence of prior renal disease and/or increase in SCr of 0.5 226 

mg/dL or greater.  227 

 228 

Patients were excluded if they had conditions interfering with serum magnesium levels such as: chronic 229 

kidney disease (CKD) stages 4 and 5, end-stage renal disease (ESRD), hepatic cirrhosis, 230 

pheochromocytoma, chronic diarrhea, and hyperaldosteronism. Additionally, patients who received 231 

inotropes or vasopressors (including epinephrine, norepinephrine, dopamine, phenylephrine, 232 

vasopressin, dobutamine, or milrinone) during the hospital encounter were excluded from the study.  233 

 234 

All patient data was obtained from ILH’s electronic medical record. The following demographic data was 235 

collected: age, sex, race, body mass index (BMI), and history of diabetes mellitus. Outcome variables 236 

collected included serum magnesium (mg/dL), serum calcium (mg/dL), serum potassium (mEq/L), SBP 237 

(mmHg), and DBP (mmHg). All outcome variables were collected at a time closest to the first 238 

documented hypertensive crises’ blood pressure during the hospital encounter and is denoted as “at 239 

crises”. Additionally, maximum and minimum values of SBP and DBP were recorded within 24-hours of 240 
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the first recorded hypertensive crises’ blood pressure. Corrected calcium (mg/dL) was calculated using 241 

the formula: corrected calcium = patient’s measured serum calcium in mg/dL + (0.8 * (4 gm/dL – 242 

patient’s measured albumin in gm/dL)). The corrected calcium was only calculated for patients whose 243 

serum albumin was less than 4 gm/dL. Additional predictor variables collected include: home and 244 

hospital use of blood pressure medications [inclusive of all blood pressure medication classes (for 245 

example: calcium channel blockers) grouped in the electronic health record], at home use of proton 246 

pump inhibitors, home use of oral magnesium, hospital use of intravenous magnesium, and albumin 247 

levels (gm/dL).  248 

 249 

Outcomes 250 

The primary outcome of the study was to assess the correlation between serum magnesium on blood 251 

pressure (SBP and DBP) in patients with hypertensive crises. The secondary outcomes of this study were 252 

to evaluate the association between serum calcium, corrected calcium, and serum potassium on blood 253 

pressure in patients with hypertensive crises, and to determine the effects of covariates (age, sex, race, 254 

BMI, history of diabetes mellitus, use of proton pump inhibitors at home, use of blood pressure 255 

medications at home or hospital, use of oral magnesium at home, use of intravenous magnesium at 256 

hospital, serum calcium at crises, corrected calcium at crises, and serum potassium at crises) in 257 

modulating the relationship between serum magnesium and blood pressure. An additional exploratory 258 

outcome was to perform correlation analyses of serum magnesium, serum calcium, corrected calcium, 259 

and serum potassium on the two independent variables: SBP and DBP measured at different time 260 

points. 261 

 262 

 263 

 264 
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Statistical Analyses 265 

We performed a power analysis based on findings of our primary outcome variables (serum magnesium, 266 

SBP, and DBP) from prior studies.(16,26,28) Based on these studies, we estimate that the R2 (coefficient 267 

of determination) for the linear regression between serum magnesium and either SBP or DBP will range 268 

between of 0.06 – 0.56. Our power analysis revealed that the target sample size for this study will range 269 

between 140 – 180 subjects, to give us a power of 0.80 at a significance level of 5%.  270 

 271 

Descriptive statistical analysis was performed on demographic characteristics. Measures of central 272 

tendency were obtained for continuous measures and frequency distribution for categorical measures. 273 

Simple linear regression was performed to assess the correlation (r) and coefficient of determination 274 

(R2) between serum magnesium, serum calcium, corrected calcium, and serum potassium on blood 275 

pressure (SBP and DBP) in patients with hypertensive crises. A linear model analysis was performed to 276 

assess effects of serum magnesium (and other electrolytes) on blood pressure (SBP and DBP) at the time 277 

of hypertensive crises while adjusting for covariates. Statistical analyses were performed using SAS® 278 

version 9.4. An alpha value of less than 0.05 was considered statistically significant.  279 

 280 

 281 

 282 

 283 

 284 

 285 

 286 

 287 

 288 
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Results: 289 

 290 

      291 

 292 

    Figure 1. Flow chart of inclusion to study cohort. 293 

 294 

 295 

 296 

 297 

 298 

 299 

 300 

 301 

 302 

 303 

 304 

Patients Screened

[n = 837]

Patients Included

[ n = 293]

Patients Excluded 

[n = 544]
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Table 1. Baseline Characteristics (N = 293) 305 

Demographic variables  

Age [Mean ± SD years; (range)] 56.70 ± 12.86 (19 – 97) 

Sex Male: 146 (49.83%) 

Female: 147 (50.17%) 

Race White: 62 (21.16%) 

Black/African-American: 213 (72.7%) 

Asian: 3 (1.02%) 

Other: 15 (5.12%) 

Hypertensive Crises Diagnosis Hypertensive Urgency: 220 (75.09%) 

Hypertensive Emergency: 73 (24.91%) 

History of Diabetes mellitus Diabetic: 102 (34.81%) 

Non-diabetic: 191 (65.19%) 

Body Mass Index (BMI) [Mean ± SD kg/m2; (range)] (N=290) 30.59 ± 9.33 (16.70 – 69.10)  

Use of Home Proton Pump Inhibitors (N=259) 53 (20.46%) 

Use of Home Blood Pressure Medications (N=264) 227 (85.98%) 

Use of Hospital Blood Pressure Medications 283 (96.59%) 

Use of Home Magnesium (Oral) (N=292) 31 (10.62%) 

Use of Hospital Magnesium (Intravenous) (N=292) 95 (32.53) 

Serum Magnesium at Crises (Mean ± SD mg/dL; (range)] 1.93 ± 0.36 (0.80 – 3.90) 

Serum Calcium at Crises (Mean ± SD mg/dL; (range)] 8.92 ± 0.92 (0.80 – 13.10) 

Corrected Calcium at Crises (Mean ± SD mg/dL; (range)] 

(N=207) 

9.33 ± 0.90 (1.12 – 13.34) 
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Serum Potassium at Crises (Mean ± SD mg/dL; (range)] 3.92 ± 0.64 (1.40 – 6.30) 

Systolic Blood Pressure [Mean ± SD mmHg; (range)] 194.2 ± 21.31 (136 – 265) 

Diastolic Blood Pressure [Mean ± SD mmHg; (range)] 113.7 ± 21.38 (53 – 180) 

 306 

 307 

Table 2. Association of serum magnesium (other electrolytes) and SBP at Crises or DBP at Crises 308 

Relationship between magnesium and SBP at Crises or DBP at Crises (N=293) 

 
SBP at Crises 

Variables r R2 P-value 

Serum Magnesium 0.143 0.020 0.014 

Serum Calcium 0.187 0.035 0.001 

Corrected Calcium (N=207) 0.049 0.002 0.482 

Serum Potassium -0.076 0.006 0.195 

 
DBP at Crises 

Variables r R2 P-value 

Serum Magnesium 0.033 0.001 0.570 

Serum Calcium 0.090 0.008 0.124 

Corrected Calcium (N=207) -0.011 0.000 0.873 

Serum Potassium -0.113 0.013 0.053 

 309 

 310 

 311 

 312 

 313 
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Table 3. Association of serum magnesium and SBP at Crises or DBP at Crises using linear models 314 

(adjusted for covariates) 315 

Relationship between serum magnesium and SBP at Crises or DBP at Crises (N=293) 

 SBP at Crises 

Variables  β ± SE P-value 

Serum Magnesium 11.25 ± 4.67 0.017 

 DBP at Crises 

Variables β ± SE P-value 

Serum Magnesium 2.56 ± 4.93 0.6031 

Adjusted for covariates – Age, sex, race, history of diabetes, BMI, use of proton pump inhibitors at 

home, use of blood pressure medications at home or hospital, use of oral magnesium at home, use of 

intravenous magnesium at hospital, serum calcium at crises, corrected calcium at crises, and serum 

potassium at crises. 

 316 

 317 

 318 

 319 

 320 

 321 

 322 

 323 

 324 

 325 

 326 
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Table 4. Best Predictor Variables on SBP at Crises using linear models (adjusted for covariates) 327 

 SBP at Crises 

Predictor Variables  β ± SE P-value 

Serum Magnesium 11.25 ± 4.67 0.017 

Serum Calcium 9.50 ± 3.37 0.006 

Corrected Calcium -7.82 ± 3.54 0.029 

Use of Home Proton Pump Inhibitors 9.13 ± 3.85 0.019 

Covariates in the Mixed Model – Age, sex, race, history of diabetes, BMI, use of proton pump inhibitors 

at home, use of blood pressure medications at home or hospital, use of oral magnesium at home, use 

of intravenous magnesium at hospital, serum magnesium at crises, serum calcium at crises, corrected 

calcium at crises, and serum potassium at crises. 

 

Alpha of < 0.05 defined as significant for best predictor variables. 

 328 

 329 

 330 

 331 

 332 

 333 

 334 

 335 

 336 

 337 

 338 
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Table 5. Best Predictor Variables on DBP at Crises using linear models (adjusted for covariates) 339 

 DBP at Crises 

Predictor Variables  β ± SE P-value 

Serum Calcium 16.21 ± 3.56 <0.0001 

Corrected Calcium -14.12 ± 3.74 0.0002 

Age -0.53 ± 0.12 <0.0001 

Covariates in the Mixed Model – Age, sex, race, history of diabetes, BMI, use of proton pump inhibitors 

at home, use of blood pressure medications at home or hospital, use of oral magnesium at home, use 

of intravenous magnesium at hospital, serum magnesium at crises, serum calcium at crises, corrected 

calcium at crises, and serum potassium at crises. 

 

Alpha of < 0.05 defined as significant for best predictor variables. 

 340 

 341 

 342 

 343 

 344 

 345 

 346 

 347 

 348 

 349 

 350 

 351 
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Table 6. Correlation of Serum Magnesium at Crises on SBP and DBP at different time points 352 

 Serum Magnesium at Crises (N=293) 

Variables r R2 P-value 

SBP at Crises 0.143 0.020 0.014 

SBP Maximum (24-hr) 0.104 0.011 0.074 

SBP Minimum (24-hr) -0.034 0.001 0.563 

DBP at Crises 0.033 0.001 0.570 

DBP Maximum (24-hr) 0.041 0.002 0.480 

DBP Minimum (24-hr) 0.021 0.000 0.726 

 353 

 354 

Table 7. Correlation of Serum Calcium at Crises on SBP and DBP at different time points 355 

 Serum Calcium at Crises (N=293) 

Variables r R2 P-value 

SBP at Crises 0.187 0.035 0.001 

SBP Maximum (24-hr) 0.134 0.018 0.022 

SBP Minimum (24-hr) 0.237 0.056 <0.0001 

DBP at Crises 0.090 0.008 0.124 

DBP Maximum (24-hr) 0.121 0.015 0.038 

DBP Minimum (24-hr) 0.183 0.033 0.002 

 356 

 357 

 358 

 359 
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Table 8. Effect of Corrected Calcium at Crises on SBP and DBP at different time points 360 

 Corrected Calcium at Crises (N=207) 

Variables r R2 P-value 

SBP at Crises 0.049 0.002 0.482 

SBP Maximum (24-hr) -0.028 0.001 0.690 

SBP Minimum (24-hr) 0.256 0.066 0.0002 

DBP at Crises -0.011 0.000 0.873 

DBP Maximum (24-hr) -0.000 0.000 0.996 

DBP Minimum (24-hr) 0.177 0.031 0.011 

 361 

 362 

Table 9. Effect of Serum Potassium at Crises on SBP and DBP at different time points 363 

 Serum Potassium at Crises 

Variables r R2 P-value 

SBP at Crises -0.076 0.006 0.195 

SBP Maximum (24-hr) -0.074 0.005 0.209 

SBP Minimum (24-hr) -0.130 0.017 0.026 

DBP at Crises -0.113 0.013 0.053 

DBP Maximum (24-hr) -0.065 0.004 0.265 

DBP Minimum (24-hr) -0.175 0.031 0.003 

 364 

 365 

 366 

 367 



21 

 

Eight-hundred and thirty-seven patients who had a serum magnesium level and an ICD-9 code of 401.9 368 

or a diagnosis of hypertensive crises, hypertensive urgency, and hypertensive emergency were identified 369 

from ILH’s electronic medical record (Figure 1). 544 patients were excluded after applying the study 370 

exclusion criteria and 293 patients were included in the statistical analysis (Figure 1). Baseline 371 

demographics are presented in table 1. The majority of patients were African Americans (72.7%) and the 372 

mean age of patients in the study was 56.7 years. Hypertensive urgency (75.1%) was greater in 373 

prevalence than hypertensive emergency (24.9%) among all hypertensive crises diagnosis. Nearly 35% of 374 

patients had diabetes mellitus and the average BMI of the study population was 30.6 kg/m2. 375 

 376 

The primary outcome result is displayed on table 2 and showed that serum magnesium was positively 377 

correlated (r = 0.143, p-value = 0.014) with SBP at crises, but not DBP at crises. The coefficient of 378 

determination (R2) reveals that 2% of the variability in SBP at crises can be attributed to serum 379 

magnesium. Beside serum magnesium, serum calcium was the only additional electrolyte significantly 380 

correlated with SBP at crises. Serum calcium was positively correlated with SBP at crises, with 3.5% of 381 

the variability in SBP at crises attributable to serum calcium. When evaluating DBP at crises, no 382 

electrolyte was significantly correlated with DBP at crises; however, serum potassium showed a slight 383 

trend towards negative correlation with DBP at crises.  384 

 385 

Table 3 assessed the relationship with serum magnesium and both SBP and DBP at crises when adjusting 386 

for covariates. The results showed that as serum magnesium increases by 1 mg/dL, SBP at crises 387 

increases 11.25 mmHg after adjusting for covariates in the model (p-value = 0.017). Although a 388 

significant association was found with serum magnesium and SBP at crises after adjusting for covariates, 389 

no significant association was found with serum magnesium and DBP at crises after adjusting for 390 

covariates in the model. 391 
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Variables that significantly predicted SBP at time of hypertensive crises was assessed using a linear 392 

model (adjusted for covariates) and the results are displayed on table 4. When adjusting for covariates, 393 

serum magnesium, serum calcium, corrected calcium, and the use of proton pump inhibitors 394 

independently emerged as the best variables that predicted SBP at crises, with all showing a positive 395 

relationship with SBP at crises except for corrected calcium level showing a negative relationship with 396 

SBP at crises. Similarly, table 5 displays the variables that best predicted DBP at time of hypertensive 397 

crises using a linear model (adjusted for covariates). In the model, after adjusting for covariates, serum 398 

calcium, corrected calcium, and age independently emerged as best variables that significantly predicted 399 

DBP at crises. Serum calcium positively predicted DBP at crises in the model, while corrected calcium 400 

and age negatively predicted DBP at crises in the model. 401 

 402 

Tables 6 through 9 display a result of the correlation matrix analyses of serum magnesium, serum 403 

calcium, corrected calcium, and serum potassium on the two independent variables: SBP and DBP 404 

measured at different time points. Table 6 showed that serum magnesium was significantly correlated 405 

only with SBP at time of crises and the maximum SBP measured within 24-hours of the first hypertensive 406 

crises diagnosis. Results displayed on table 7 showed that serum calcium was significantly correlated 407 

with SBP and DBP measured at different time points, with the exception of DBP measured at time of 408 

crises not showing significant correlation with serum calcium. Corrected calcium results displayed on 409 

table 8 revealed that corrected calcium was only significantly correlated with minimum SBP and 410 

minimum DBP measured within 24-hours of the first hypertensive crises diagnosis. Lastly, serum 411 

potassium was only significantly correlated (negative correlation) with minimum SBP and minimum DBP 412 

measured within 24-hours of the first hypertensive crises diagnosis. 413 

 414 

Discussion 415 
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This study contributes much new knowledge on the role of magnesium in patients with hypertensive 416 

crises – a population where the role of magnesium has been sparsely evaluated. The primary outcome 417 

of our study evaluated the relationship between magnesium and blood pressure (SBP and DBP) in 418 

patients with hypertensive crises.  419 

 420 

Using correlation analysis (table 2) and linear regression analysis (table 3), our study found a significant 421 

positive correlation between serum magnesium and SBP at crises, but no significant relationship was 422 

found between serum magnesium and DBP at crises. This finding of positive correlation between serum 423 

magnesium and SBP in our study conflicts with majority of studies that assessed serum magnesium and 424 

SBP which have predominantly shown significant negative correlation (12,14–16,21,24,25). Among the 425 

seven studies that evaluated the linear relationship (correlation coefficient) between magnesium and 426 

either SBP or DBP (12,14–16,21,24,25), majority of these  studies (N = 5 out of 7, 71.4%) showed 427 

negative relationship between serum magnesium and SBP (14–16,21,24). One of the studies showed no 428 

significant relationship between serum magnesium and SBP (12), while one study by Rinner et al. 429 

approximated our study finding and revealed a positive relationship between serum magnesium and 430 

SBP in women, but not in men (25). With respect to the relationship between serum magnesium and 431 

DBP, majority of the studies (N = 4 out of 7, 57%) have shown non-significant relationship which is 432 

consistent with our study findings (12,14,24,25). However, three studies found negative correlation 433 

between serum magnesium and DBP which contradicts our study results (15,16,21). Our study finding 434 

therefore is consistent with most of the available literature showing no strong relationship between 435 

serum magnesium and DBP; however our study finding conflicts with the predominant negative linear 436 

relationship observed between serum magnesium and SBP in studies. Altogether, our study’s detection 437 

of a significant positive association between serum magnesium and SBP in patients with hypertensive 438 

crises suggests that serum magnesium may play an important role in the dysregulated blood pressure 439 
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seen in patients with hypertensive crises. It is plausible to consider that our study may have had 440 

disparate results from the literature due to potential sources of error from selection bias and 441 

confounding variables. 442 

 443 

Among the additional electrolytes (calcium, corrected calcium, and potassium) that we assessed for a 444 

relationship with blood pressure, we found that serum calcium showed significant positive correlation to 445 

SBP at crises, but not DBP at crises. After adjusting for covariates (tables 4 and 5), we found positive 446 

relationship between serum calcium and both SBP and DBP at crises. Similar to our study finding, the 447 

positive association of serum calcium to both SBP and DBP has been reported in several studies that 448 

evaluated the linear relationship between serum calcium and blood pressure (16,35–39). It is important 449 

to reinforce that our study found a relationship between serum calcium and both SBP and DBP at crises 450 

after adjusting for covariates; however the correlation analysis without adjustment for covariates 451 

showed significant positive correlation between serum calcium for SBP at crises, but not DBP at crises. 452 

Corrected calcium was not significantly correlated to either SBP or DBP at crises. In the exploratory 453 

results, we found that corrected calcium was positively associated with both minimum SBP and DBP 454 

within 24-hour of hypertensive crises. The data with corrected calcium should be interpreted cautiously 455 

given that we did not include 86 missing data among patients who did not have serum albumin less than 456 

4 gm/dL. Potassium was also not significantly correlated to either SBP or DBP at crises, although there 457 

was a trend towards a negative correlation between potassium and DBP at crises. This finding is 458 

inconsistent with prior studies which have predominantly shown a negative correlation between serum 459 

potassium and both SBP and DBP (25,40–42). In the exploratory results (tables 6 – 9), we found that 460 

serum potassium was negatively associated with both minimum SBP and DBP within 24-hour of 461 

hypertensive crises. Calcium and potassium were measured because of strong linkages of these 462 

electrolytes with blood pressure, especially in concert with magnesium (7,13,15–18,25).  463 
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The strengths of our study include our use of statistical tests that explored association between 464 

variables, the pilot nature of our study, and the attainment of our study’s desired sample size. We 465 

performed regression analysis to examine the association between magnesium (and other electrolytes) 466 

and blood pressure in hypertensive crises. Findings from the regression analysis provide us useful 467 

information on the relationship between electrolytes and variables. This study is also a pilot/exploratory 468 

study and is thus a hypothesis generating study and can provide population estimates to help determine 469 

the appropriate sample size to study the effect of magnesium on hypertensive crises in future studies. 470 

Lastly, our study reached and exceeded our desired sample size for the study which decreased the 471 

probability of type II errors and improved the probability to detect significant differences that may exist 472 

in the true population of patients from which our sample population was obtained.  473 

 474 

Our study has several limitations which impact the internal and external validity of our study. First, this 475 

study is a single-center study and as such limits the generalizability of our study to patients across 476 

institutions. The findings from this single-center study should be extrapolated cautiously to individual 477 

patients and patient populations with hypertensive crises. This study was a retrospective study which 478 

introduces variability on the time when variables were available; since variables available from the 479 

electronic medical record were not collected uniformly at specific times as would be the case in a 480 

prospective study. Our study was also a non-interventional/non-experimental study which impacts the 481 

internal validity and excludes our study from the ability to assess causation. Our study was not a 482 

randomized study and confounding variables may have effect on our study results. Lastly, our study may 483 

be susceptible to selection bias as a source of error due to the study inclusion/exclusion criteria and the 484 

unique demographic distribution of the study patients at our hospital compared to our study’s broad 485 

target population of patients with hypertensive crises. Another important study limitation is that 486 
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magnesium is predominantly an intracellular cation, thus, the serum magnesium obtained from the 487 

electronic hospital record may not be a good reflection of patients’ magnesium stores.(1,2) 488 

 489 

Conclusion 490 

This study found a significant positive association between magnesium and systolic blood pressure, but 491 

not diastolic blood pressure among patients with hypertensive crises. This positive association of serum 492 

magnesium with systolic blood pressure was maintained after adjusting for covariates. This study 493 

findings suggests a potential role of magnesium in blood pressure among patients with hypertensive 494 

crises. Large sample experimental studies are needed to evaluate the role of serum magnesium 495 

modifying therapies in controlling blood pressure in patients with hypertensive crises. Future studies 496 

should also evaluate the role of serum calcium modifying therapies in blood pressure control in patients 497 

with hypertensive crises. 498 

 499 
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Figure 1

Flow chart of inclusion to study cohort.


