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Abstract

Background: Blood pressure visit-to-visit variability (BPV) is a novel risk factor for deleterious 

long-term cardiac and renal outcomes in the general population. We hypothesized that patients 

with systemic lupus erythematosus (SLE) have greater BPV than control subjects and that BPV is 

associated with a higher comorbidity burden.

Methods: We studied 899 patients with SLE and 4,172 matched controls using de-identified 

electronic health records from an academic medical center. We compared BPV measures in 

patients with SLE and control subjects and examined the association between BPV and patients’ 

characteristics.

Results: Patients with SLE had higher systolic BPV 9.7% [7.8%-11.8%] than the control group 

9.2% [7.4%-11.2%], p<0.001 by coefficient of variation. Additional measures of systolic BPV 

(i.e., standard deviation, average real variation, successive variation, and maximum measure-to-

measure change) were also significantly higher in patients with SLE than in control subjects. In 

patients with SLE, BPV correlated significantly with age, creatinine, C-reactive protein, 

triglyceride concentrations, and the Charlson comorbidity score (all p<0.05). Hydroxychloroquine 

use was associated with reduced BPV (p<0.001), whereas use of anti-hypertensives, 

cyclophosphamide, mycophenolate mofetil, and corticosteroids was associated with increased 

BPV (p<0.05).

Conclusion: Patients with SLE had higher BPV than controls, and this increased BPV was 

associated with greater Charlson comorbidity scores, several clinical characteristics, and 

immunosuppressant medications. In particular, hydroxychloroquine prescription was associated 

with lower BPV.
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Blood pressure (BP) routinely fluctuates. Elevated blood pressure variability intensifies the 

stress on blood vessels and leads to endothelial dysfunction, which promotes early target 

organ damage.1 In the general population, the extent of BP fluctuations over time provide 

additional, independent prognostic information compared with both isolated office readings 

and average ambulatory blood pressure measures.2

Greater systolic blood pressure visit-to-visit variability (BPV), regardless of BP, is related to 

worse long-term outcomes, including increased risk for all-cause mortality, coronary heart 

disease, cerebrovascular events, heart failure, and chronic kidney disease.3-7 Studies from 

the US Veterans8 and the Valsartan Antihypertensive Long-term Use Evaluation trial 

(VALUE)9 further support these findings.

Systemic lupus erythematosus (SLE) is associated with both a 3-fold increase in mortality 

compared to the general population10 and a higher comorbidity burden. A recent study 

indicated that systolic blood pressure varies during follow-up in this patient population; 46% 

of SLE patients fluctuated between being classified as normotensive and hypertensive over a 

year period.11 This study further suggested that both lupus disease activity and the use of 

corticosteroids were associated with increased systolic blood pressure (SBP).11 However, 

there is no published research on the relationship between standardized measures of BPV 

and SLE and whether BPV contributes to a higher comorbidity burden in patients with SLE.

The aims for this study were (1) to compare BPV between a group of patients with SLE and 

a group of frequency-matched controls; and (2) to examine the relationship between BPV 

and both the markers of inflammation and the burden of comorbidity in patients with SLE.

Methods:

SLE and Control Groups

We used the de-identified electronic health record database (EHR) at Vanderbilt University 

Medical Center in Nashville, TN to assemble a cohort of patients with SLE and frequency-

matched control patients.12 The EHR includes 2.8 million patient records, with 

approximately 1 million patient records containing longitudinal data. We identified SLE 

patients using a previously validated algorithm with a positive predictive value (PPV) of 

94%.13 This algorithm includes patients with an ICD-9 code for SLE (710.0) on four or 

more occasions and an antinuclear antibody (ANA) titer greater than or equal to 1:160, 

while excluding patients with ICD-9 codes for either systemic sclerosis (710.1) or 

dermatomyositis (710.3). After assembling the group of patients with SLE, we used 

frequency-matching based on age (within 5 years), race, and gender to generate a control 

group in a 5:1 ratio. Using ICD-9 codes, we excluded patients with autoimmune disease (see 

supplementary Table 1). For both the SLE patients and controls, we excluded individuals 

who were younger than 18 years old, had fewer than three outpatient visits over five years, 

or had outpatient BP measures on fewer than three unique dates to ensure sufficient data for 

analysis of BPV.
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Follow-up:

In the SLE group, the beginning of the study period was defined as the date of the first 

ICD-9 code for SLE (710.0); in the control group, the study period began at the date of the 

first ICD-9 code for any diagnosis. The observation period continued until the first of the 

following: (1) date of the last ICD-9 code in the medical record, (2) end of the study (June 

2017), or (3) death.

Blood Pressure Variability

We extracted outpatient BP measures for both the SLE patients and controls from the EHR. 

We limited our analysis to outpatient measures to minimize variability due to acute illnesses. 

Values were identified as inpatient measures if they coincided with an inpatient CPT code 

(see supplementary Table 2); these measures were then excluded. When multiple outpatient 

BP values were available from the same date, we used the median as a single value in our 

primary analysis.

For quality control, we excluded any measure with SBP lower than 30 or greater than 300 as 

well as measures with a diastolic blood pressure (DBP) lower than 10 or greater than 120. 

The primary outcome was the SBP coefficient of variation (SBP CV). Secondary outcomes 

included standard deviation, average real variation, and successive variation for both SBP 

and DBP, along with CV for DBP.14, 15

Maximum Measure-to-Measure Change in Systolic Blood Pressure

We also examined a measure of variability that is immediately accessible in the clinic: an 

individual’s largest change in systolic blood pressure from one visit or measurement to the 

next. For this analysis, we used all outpatient SBP values; we did not limit the analysis to the 

median on dates that had multiple SBP values. We examined whether these maximum 

changes were associated with clinical characteristics.

Charlson Scores

We retrieved ICD-9 codes for the multiple categories of comorbidities that constitute the 

Charlson comorbidity score from the EHR (see supplementary Table 2).16 We only included 

codes that appeared on or followed the date when the patient met our inclusion criteria. An 

individual was considered positive for a category if a single representative code was present. 

We compared the frequency of each comorbidity category between groups using Pearson’s 

chi-squared tests.

Other Covariates:

We extracted demographic and comorbid variables, including age, race, ethnicity, sex, 

height, weight, immunologic markers (i.e., antinuclear antibody positivity and anti-double 

stranded DNA), complement levels (i.e., C3 and C4), creatinine, inflammatory markers (i.e., 

erythrocyte sedimentation rate and C-reactive protein), cholesterol and triglyceride 

concentrations, use of medications (i.e., antihypertensives, antimalarials, cyclophosphamide, 

mycophenolate mofetil, azathioprine, corticosteroids, and other immunosuppressants/
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immunomodulators), and estimated glomerular filtration rate (eGFR) using computer 

programming in Structured Query Language.17

Statistical Analysis

We used Wilcoxon rank-sum tests to assess the significance of differences in the outcome 

measures between the groups. In patients with SLE, we utilized similar methods to compare 

BPV by gender and race. C3, C4, C-reactive protein (CRP), BMI, creatinine, Charlson 

comorbidity index, and age were analyzed for potential relationships with SBP CV as well 

as the maximum change in SBP using Spearman correlations. To further explore the 

association between the Charlson comorbidity score and BPV, we built proportional odds 

logistic regression models for both univariate and multivariate (adjusted for age, race, and 

sex) models. Additionally, we used univariate and multivariate linear regression to analyze 

whether use of cyclophosphamide, mycophenolate mofetil, azathioprine, corticosteroids, and 

other immunosuppressants/immunomodulators impacted the significance of our findings. 

All analyses were conducted using STATA (Version 15.1, College Station, TX).

Institutional Review Board

This study was approved by the Vanderbilt University IRB, which waived the need for 

informed consent (IRB# 170421).

Results:

Patient Characteristics:

We identified 899 patients with SLE and 4,172 control subjects. Characteristics of each 

group are displayed in Table 1. We found no significant differences in age, gender, or race/

ethnicity, as predicted by our matching for these characteristics. There were statistically 

significant but small differences in other characteristics, including BMI, renal function, and 

cholesterol. More SLE patients than controls used antihypertensive agents (see 

supplementary Table 3 for a complete listing). Overall, the median follow-up was 7.3 

person-years; controls generally had more person years of follow-up than patients with SLE 

(7.6 versus 6.5, respectively).

Blood Pressure Variability in Patients with SLE and Control Subjects

SBP CV was significantly higher in patients with SLE compared to controls, with a median 

of 9.7% (7.9%-11.8%) in the SLE group compared to 9.2% (7.4%-11.2%) in the control 

group (p<0.001). All measures of SBP variability were significantly elevated in the SLE 

group compared to controls (Table 2). All measures of DBP variability were also elevated in 

patients with SLE compared to controls, and two of the four were statistically significant 

(Table 2). Additionally, the median maximum change in SBP from measure to measure was 

higher in the SLE group compared to controls [36 (26-47) and 33 (24-44) mmHg, p<0.001, 

respectively]. In determining these measures, the SLE group had significantly more BP 

readings and dates of observation compared to the control group. SLE patients had a median 

of 21 BP readings across 19 dates, whereas control patients had a median of 17 BP readings 

across 15 dates. We completed multivariate linear regression to determine if the differences 

in the numbers of measures or dates impacted our results; the differences in SBP CV 
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between SLE patients and controls remained significant (β=0.49, 95% CI: 0.26-0.73, 

p<0.001).

Association of Blood Pressure Variability with Clinical Characteristics and Medication Use 
in SLE Patients

Age, creatinine, C-reactive protein, triglycerides, LDL cholesterol, and a higher Charlson 

comorbidity score were associated with increased BPV, whereas BMI, C3, C4, and HDL 

cholesterol were not (Table 3). Similarly, creatinine, C-reactive protein, triglycerides, HDL 

cholesterol, and a higher Charlson comorbidity score were all associated with increased 

DBP CV, whereas BMI, C3, C4, and LDL cholesterol were not.

In additional analysis, the association between BPV and the Charlson comorbidity score was 

independent of age, sex, and race (Figure 1). Of the 899 patients in the SLE group, 845 

(94.0%) had been prescribed hydroxychloroquine and 54 (6.0%) had not. The median SBP 

CV was 9.63% (7.76-11.74) in patients prescribed hydroxychloroquine and 11.04% 

(9.24-14.42) in patients that were not (p<0.001). With immunosuppressant and 

immunomodulator use, SLE patients had a higher median SBP CV; this difference was 

significant with cyclophosphamide, mycophenolate mofetil, and corticosteroids, but not with 

azathioprine or other immunosuppressants/immunomodulators (see supplementary Table 4 

for details). SLE patients who used anti-hypertensive medications also had a significantly 

higher median SBP CV (supplementary Table 5). We completed multivariate linear 

regression to confirm that the differences in SBP CV between the SLE patients and controls 

subjects remained significant when adjusted for anti-hypertensive use as well as sex, age, 

race, the Charlson comorbidity score, number of total BP readings (β=0.34, 95% CI: 

0.11-0.57, p=0.003).

Association of Maximum Measure-to-Measure Change in Systolic Blood Pressure with 
Clinical Characteristics in SLE Patients

Age, BMI, creatinine, C-reactive protein, triglycerides, and higher Charlson comorbidity 

score were associated with a larger maximum change in SBP from measure to measure; 

HDL, LDL, C3, and C4 were not (Table 4).

Discussion:

To the best of our knowledge, this is the first study to demonstrate the following: 1) patients 

with SLE have higher rates of visit-to-visit blood pressure variability when compared to 

control subjects; 2) higher variability is associated with C-reactive protein, age, and 

creatinine in SLE patients; and 3) increased BPV and a higher comorbidity burden are 

independently associated in SLE patients.

Given that different publications have referred different measures of BP variability, we 

prespecified the coefficient of variation as our primary outcome but also aimed to quantify 

standard deviation, average real variation, and successive variation. All measures, with the 

exception of DBP average real variation and DBP successive variation, were significantly 

greater in patients with SLE supporting the notion—previously observed in the general 

population—that these different measures yield similar results.15 Additionally, we explored 
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a simpler assessment of SBP changes to identify risk related to variations in BP amidst the 

clinical setting. Our secondary analysis examined individuals’ largest change in SBP from 

one measure to the next. These results indicate that large changes in SBP are also associated 

with a higher comorbidity burden and may offer clinicians a more accessible means of 

determining risk-related variability. In our study, the magnitude of difference in the SBP CV 

was 0.5% (9.7% in the SLE group compared to 9.2% in the control group). Most studies 

have examined quartiles or quintiles of BPV in the general population and compared 

outcomes between these groups. A recent metaanalysis demonstrated an increased 

association between systolic BPV and all-cause mortality, cardiovascular mortality, and 

cardiovascular events.18 Still, defining a clinically meaningful degree of variability has 

remained elusive. One study demonstrated a 0.8% absolute difference in SBP CV in 

association with ischemic strokes compared to a control group.19 Our study suggests an even 

smaller difference may be clinically meaningful.

We examined the relationships between SBP CV and disease characteristics in patients with 

SLE. Age, creatinine, and C-reactive protein were significantly associated with SBP CV, 

whereas complement levels were not. The associations we found between BPV with age and 

renal function are consistent with previous findings reported in the general population.4, 20 

Higher creatinine levels in SLE may reflect either chronic kidney damage or may be 

evidence of active lupus nephritis. Furthermore, our study suggests an association between a 

higher comorbidity index and BPV, and the association with CRP indicates a link between 

underlying inflammation and BPV.

Immunosuppression has previously been shown to predict lower BPV in SLE patients.11 In 

our study there was a significant reduction in SBP CV in patients who had been prescribed 

hydroxychloroquine. It is currently recommended that all patients with SLE receive 

hydroxychloroquine unless there is a contraindication.21 In contrast, there was increased 

SBP CV in patients who received cyclophosphamide and mycophenolate mofetil. It is 

possible this is a result of higher disease burden, as these agents are recommended for 

treatment of more severe lupus manifestations.22 Azathioprine did not have a relationship 

with SBP CV in our study.

There has been evidence in the general population that calcium channel blockers and 

diuretics reduce BPV whereas other agents such as beta-blockers and angiotensin-converting 

enzyme inhibitors or angiotensin II receptor blocker agents may increase BPV.23, 24 Our 

study indicates that the use of any antihypertensive agent was associated with higher BPV. 

This may seem counterintuitive, but it is likely explained by the relationship between 

hypertension and BPV. With increasing absolute blood pressure values we see increasing 

variability in blood pressure measures. Also, we cannot conclude whether any agent was 

better than other in this regard because we did not assess the temporal association between 

variability.

Our results should be interpreted in light of some limitations. First, we could not account for 

medication compliance or seasonal variability, which are both factors suggested to influence 

BPV.3 Because we used a de-identified EHR, which only included data collected through 

routine clinical care at a single tertiary care center, we did not have data from clinical 
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encounters outside of this location. Despite these limitations, the association between SLE 

and BPV appears robust, and further research is needed to examine whether interventions to 

reduce BPV will have an impact on comorbidity burden and long-term outcomes in patients 

with SLE.

This study has a few potential implications for clinical practice and future research. First, 

because BPV correlates with hypertensive end-organ damage, our results indicating that 

BPV is higher in patients with SLE and associated with a higher comorbidity burden is of 

interest. 3-7 Controlling BPV could potentially be a target for future interventions. Further, 

previously used methods to ascertain BPV rely on relatively complicated mathematical 

equations. Thus, we used a simpler measure of BPV—the maximum change in SBP between 

ambulatory visits—and had similar findings.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Relationship Between BPV and Comorbidity Index by Charlson Comorbidity Score in 
Patients with SLE and Control Subjects
Odds ratios with 95% CI calculated using proportional odds logistic regression, adjusted for 

age, sex, and race. Results for SBP change are based are expressed by 10 mmHg change
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Table 1.

Characteristics for Patients with SLE and Controls

Patients with SLE
(N=899)

Matched Controls
(N=4,172)

p-value

Demographics

Age (years) 42 [30-53] 41 [30-52] 0.77

Female (%) 807 (90) 3811 (91) 0.13

Race 0.30

  White (%) 635 (71) 3018 (72)

  Black (%) 214 (24) 969 (23)

  Other or Unknown (%) 50 (6) 185 (4)

Ethnicity 0.12

  Hispanic (%) 25 (3) 132 (3)

BMI (kg/m2) 26.7 [23.1-32.2] 27.8 [23.5-33.3] <0.001

Person years of observation time 6.5 [3.4-10.6] 7.6 [3.7-12.2] <0.001

Blood Pressure Observations

Number of readings per person 21 [9-44] 17 [8-35] <0.001

Number of dates with 19 [9-38] 15 [7-29] <0.001

observations per person

Renal Function

Creatinine (mg/d) 0.82 [0.70-1.00] 0.80 [0.70-0.90] <0.001

eGFR (ml/min/1.73m2) 85 [65-106] 90 [75-109] <0.001

Cardiovascular Measures

Total Cholesterol (mg/dL) 180 [152-208] 189 [161-218] <0.001

HDL-C (mg/dL) 52 [39-64] 54 [44-67] <0.001

LDL-C (mg/dL) 99 [79-124] 107 [85-131] <0.001

Triglycerides (mg/dL) 123 [86-180] 101 [70-155] <0.001

Hypertension (%) 479 (53) 1837 (44) <0.001

Antihypertensive agents

ACE inhibitors 354 (39) 1209 (29) <0.001

ARBs 253 (28) 743 (18) <0.001

Beta-blockers 439 (49) 1608 (39) <0.001

Calcium channel blockers 359 (40) 1094 (26) <0.001

Others 518 (58) 1888 (45) <0.001

^
Continuous values are presented as median [interquartile range] and categorical variables are presented as N (%).

*
N=5071 except as noted for the following variables: BMI (N=4709), Creatinine (N=4737), EGFR (N=4764), Cholesterol (N=2648), HDL-C 

(N=2569), LDL-C (N=2487), and Triglycerides (N=2623).

Lupus. Author manuscript; available in PMC 2020 July 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Reese et al. Page 11

Table 2.

BPV Measures for Patients with SLE and Controls

Patients with SLE
(N=899)

Matched Controls
(N=4172)

p-value

Systolic Blood Pressure

Coefficient of variation (%) 9.7 [7.9-11.8] 9.2 [7.4-11.2] <0.001

Standard deviation (mm Hg) 11.9 [9.7-15.1] 11.2 [8.9-14.1] <0.001

Average real variation (mm Hg) 12.1 [9.7-15.5] 11.8 [9.2-14.7] 0.004

Successive variation (mm Hg) 15.0 [12.0-19.3] 14.5 [11.4-18.3] <0.001

Diastolic Blood Pressure

Coefficient of variation (%) 11.1 [9.1-13.3] 10.8 [8.8-13.0] 0.008

Standard deviation (mm Hg) 8.3 [6.7-10.1] 8.0 [6.5-9.7] 0.009

Average real variation (mm Hg) 8.6 [6.8-10.4] 8.4 [6.7-10.2] 0.14

Successive variation (mm Hg) 10.6 [8.6-12.9] 10.4 [8.3-12.6] 0.055

Maximum Measure-to-Measure SBP Change (mm Hg) 36.0 [26.0-47.0] 33.0 [24.0-44.0] <0.001

Values are presented as median [interquartile range].

Lupus. Author manuscript; available in PMC 2020 July 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Reese et al. Page 12

Table 3.

Factors Associated with SBP CV in SLE Patients

Spearman Coefficient p-value

Age (years) 0.15 <0.001

Body mass index (kg/m2) −0.01 0.84

Creatinine (mg/dL) 0.14 <0.001

C-reactive protein (mg/L) 0.12 0.002

HDL cholesterol (mg/dL) −0.09 0.07

LDL cholesterol (mg/dL) 0.10 0.03

Triglycerides (mg/dL) 0.23 <0.001

C3 (mg/dL) −0.05 0.13

C4 (mg/dL) 0.003 0.94

Charlson comorbidity score 0.18 <0.001
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Table 4.

Factors Associated with the Maximum Measure-to-Measure SBP Change in SLE Patients

Spearman Coefficient p-value

Age (years) 0.23 <0.001

Body mass index (kg/m2) 0.11 0.002

Creatinine (mg/dL) 0.13 <0.001

C-reactive protein (mg/L) 0.17 <0.001

HDL cholesterol (mg/dL) −0.03 0.56

LDL cholesterol (mg/dL) −0.01 0.81

Triglycerides (mg/dL) 0.18 <0.001

C3 (mg/dL) 0.03 0.44

C4 (mg/dL) 0.07 0.06

Charlson comorbidity score 0.26 <0.001
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