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Prevalence of and Factors Associated with
Hypertension in Young and Old Women with 
Systemic Lupus Erythematosus
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ABSTRACT. Objective. Hypertension (HT) is more prevalent in patients with systemic lupus erythematosus
(SLE) than among the general population and it has been associated with atherosclerotic cardiovas-
cular diseases in these patients. We examined the proportion of HT and factors associated with it in
young and old women with SLE.
Methods. Participants (112 women with SLE and 223 healthy age-matched women) were catego-
rized as young (age ≤ 40 years) or old (age > 40 years). We compared cardiovascular and specific
SLE-related variables and inflammatory markers in hypertensive and normotensive women with
SLE for each age range. We also assessed the factors independently associated with HT in the entire
cohort and in each age range by means of a multivariate regression analysis.
Results. The prevalence of HT was higher in women with SLE than in controls (56% vs 29%; p <
0.001), and was proportionally higher in younger women with SLE (40% vs 11%; p < 0.001) than
in older women with SLE (74% vs 47%; p = 0.001). After adjustment for potential confounders, HT
was associated with renal involvement and higher nonobesity-related insulin levels in younger
women with SLE. In older patients, HT was associated with age, renal involvement, and obesity.
Finally, in the entire cohort, HT was associated with age, insulin, renal involvement, and the
Systemic Lupus Erythematosus Disease Activity Index score.
Conclusion. An association between HT and insulin has been identified in women with SLE, par-
ticularly younger ones. Factors associated with HT in women with SLE differed depending on their
age. HT was more prevalent in women with SLE than in control subjects, being proportionally high-
er in young women with SLE. (First Release March 15 2011; J Rheumatol 2011;38:1026–32;
doi:10.3899/jrheum.101132)
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Cardiovascular diseases (CVD) are a major cause of mor-
bidity and mortality in systemic lupus erythematosus
(SLE)1, which involves an underlying process of accelerat-
ed arteriosclerosis. The factors behind this phenomenon are
not yet fully understood, but it is believed that a complex
interaction among SLE-related factors, medication, and tra-
ditional cardiovascular risk factors could be implicated2,3,4.
Hypertension (HT), which is one of the most important
modifiable risk factors for the development of CVD among

the general population, is known to be more prevalent in
patients with SLE than in control subjects5,6. The associa-
tion between HT and clinical or subclinical cardiovascular
diseases in patients with SLE has also been document-
ed6,7,8,9. Although the pathogenesis of HT in patients with
SLE has not been fully elucidated10, a combination of tradi-
tional (age, sex, ethnicity, and obesity) and SLE-related fac-
tors (inflammation, renal impairment, disease duration, and
use of corticosteroids) have been found to be associated
with HT11,12. In addition, we recently found differences in
the prevalence of metabolic syndrome (MetS), in which HT
was the most prevalent component in patients with SLE,
when compared with sex and age-matched controls, depend-
ing on the age range considered. The frequency of MetS was
almost 4 times higher in the group of patients with SLE
below the age of 40 than in controls of the same age, but
there were no differences between patients with SLE and
controls above the age of 405. In addition, it is well known
that SLE activity and complications vary throughout the dis-
ease course13. Therefore, we postulated that the proportion
of HT and the factors associated with its presence might dif-
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fer in younger and older women with SLE. If true, these
findings could have implications for the management of HT
in patients with SLE and could improve our understanding
of the pathogenic mechanisms involved in the development
of premature arteriosclerosis in these patients.

MATERIALS AND METHODS

One hundred twelve women with SLE with ≥ 4 American College of
Rheumatology criteria for SLE classification were consecutively recruited.
We used as a control group a published historic cohort5 consisting of 223
women matched for age who did not have a history of connective tissue dis-
orders. All participants were white, reflecting the local demographic situa-
tion. They gave their informed consent to participate in our study, which
was approved by the local ethics committee.

Ours was a cross-sectional study conducted over a 4-month period.
Patients attending a scheduled visit over the period of study were assessed
for sociodemographic, anthropometric and clinical data, traditional cardio-
vascular risk factors, and current medications. Additional information nec-
essary for the study was obtained from medical records in a computerized
database. Fasting blood samples for biochemical and immunological tests
were collected and routinely processed by the hospital laboratory. They
included full blood cell count, erythrocyte sedimentation rate (ESR;
Westergren method), C-reactive protein (CRP; immunoturbidimetric
method), fibrinogen (von Clauss assay), homocysteine (AxSYM
Homocysteine, Abbott Laboratories, Abbott Park, IL, USA), insulin
(BioRad, France), anticardiolipin antibodies (ELISA), serum C3 and C4
levels (nephelometry), anti-dsDNA antibodies (ELISA), interleukin 6
(IL-6; immunoradiometric assay, BioSource Europe, Nivelles, Belgium),
and a routine biochemistry profile. The homeostasis model of assessment
(HOMA index) was calculated using baseline glucose and insulin levels14.
Blood pressure (BP) was measured twice on the dominant arm with a 5-min
interval between readings and while the patient was in a seated position,
using a validated automatic oscillometric device (HEM-705IT; Omron
Health Care, Kyoto, Japan). Patients were diagnosed as having HT when
they had systolic BP ≥ 140 mm Hg or diastolic BP ≥ 90 mm Hg or when
they were receiving drugs specifically to treat HT at the time of our study.
Baseline kidney function was estimated using creatinine clearance calcu-
lated with the Cockcroft-Gault formula: 

creatinine clearance = [140 – age (years)] × weight (kg) 
× 0.85/72 × plasma creatinine (mg/dl)

Renal involvement was defined as a history of lupus nephritis confirmed by
a kidney biopsy, history of persistent proteinuria ≥ 0.5 g/day, or worsening
of creatinine clearance (< 90 ml/min), when a renal biopsy could not be
performed. Definitions of obesity, dyslipidemia, diabetes, smoking and
alcohol status, and sedentary lifestyle have been described in detail5.
Disease activity and accumulated organ damage were measured using the
SLE Disease Activity Index (SLEDAI)15 and the Systemic Lupus
International Collaborating Clinics/American College of Rheumatology
Damage Index (SDI)16, respectively.

Statistical analysis. Patients were categorized as young (age ≤ 40 years) or
old (age > 40 years). This age (40 years) corresponded to the median age
of the cohort. This cutoff was also used to define young and old patients in
a previous study5. Data were presented as the median (interquartile range)
for continuous variables and as a percentage for categorical variables.
Differences between continuous variables were tested for significance
using the Mann-Whitney U test or Student’s t test as appropriate.
Categorical data were analyzed with a 2-tailed Fisher’s exact test and OR
and 95% CI were calculated. A multiple backward stepwise linear regres-
sion model was used to identify factors independently associated with HT
(dependent variables) in women with SLE according to the age categories.
Independent variables included in the models were age, obesity, renal

involvement, SLEDAI score, SDI score, insulin, homocysteine, duration of
the disease, and the use of prednisone. All analyses used a 5% 2-sided sig-
nificance level. Statistical analyses were carried out using SPSS software
for Windows (version 15.0., SPSS Inc., Chicago, IL, USA).

RESULTS

Differences between women with SLE and control subjects.

The main characteristics of the participants are shown in
Table 1. HT was present in 56% of the women with SLE and
in 29% of the control subjects (OR 3.1, 95% CI 1.9–5.0, p <
0.001). The difference in the prevalence of HT was more pro-
nounced in the age group under age 40 (40% vs 11%; OR
5.4, 95% CI 2.4–12.0, p < 0.001) than in the older group
(74% vs 47%; OR 3.2, 95% CI 1.6–6.5, p = 0.001; Figure 1).

Differences according to hypertensive status. The main dif-
ferences between the 2 groups are shown in Table 2. As
expected, hypertensive women with SLE were older and
more likely to have obesity, dyslipidemia, and renal impair-

Table 1. Main characteristics of women with systemic lupus erythemato-
sus (SLE) and age-matched control subjects. Data are expressed as medi-
an (interquartile range) or percentage.

Women with SLE, Controls, *p
Characteristic n = 112 n = 223

Age, yrs 40 (32–51) 40 (35–49) NS
Body mass index, kg/m2 25 (23–30) 25 (22–29) NS
Obesity, % 26 16 0.048
Systolic blood pressure, 120 (116–128) 110 (100–120) 0.005

mm Hg
Diastolic blood pressure, 75 (69–82) 73 (79–80) NS

mm Hg
Hypertension, % 56 29 < 0.001
Creatinine, mg/dl 0.8 (0.7–0.9) 0.7 (0.6–0.8) NS
Total cholesterol, mg/dl 183 (158–210) 199 (175–222) 0.001
LDL cholesterol, mg/dl 104 (77–127) 124 (103–151) < 0.001
HDL cholesterol, mg/dl 59 (47–71) 56 (51–63) NS
Triglycerides, mg/dl 96 (71–122) 73 (55–101) 0.001
Type 2 diabetes mellitus, % 4 2 NS
Smokers, % 42 40 NS
Sedentary lifestyle, % 55 49 NS
Use of antihypertensives, % 49 11 < 0.001
Use of statins, % 26 3 < 0.001
Disease duration, yrs 11 (6–17) — —
Renal involvement, % 37 — —
Anti-dsDNA+, % 86 — —
Antiphospholipid antibodies, % 23 — —
Homocystine, µmol/l 12.9 (11.0–15.1) — —
SLEDAI 4 (2–6) — —
SDI 1 (0–2) — —
Prednisone dose, mg/day 3.75 (0–5) — —
Prednisone, % 69 — —
Hydroxychloroquine, % 74 — —
Immunosuppressive agents, % 33 — —
NSAID, % 57 18 0.001

* Student’s t test for continuous variables; Pearson’s chi-squared test for
categorical variables. NS: not significant; LDL: low-density lipoprotein;
HDL: high-density lipoprotein; SLEDAI: Systemic Lupus Erythematosus
Diseaes Activity Index; SDI: Systemic Lupus International Collaborating
Clinics/ACR Damage Index; NSAID: nonsteroid antiinflammatory drugs.
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ment. In accord with this finding, hypertensive patients had
higher HOMA index values, reflecting increased insulin
resistance in the group of patients with HT. In contrast, they
were less likely to be smokers or consumers of alcohol. No
differences in the frequency of sedentary lifestyle and dia-
betes were found, although all women with diabetes and SLE
also had HT. With regard to SLE-related factors and treat-
ments, women with SLE who had HT had higher SLEDAI
and SDI scores and higher levels of ESR, IL-6, homocys-
teine, and fibrinogen. In addition, the duration of disease was
longer in women with SLE who had HT, and they tended to
be more likely to have anti-dsDNA antibodies (p = 0.054).
No differences were found in the presence of antiphospho-
lipid antibodies or in the levels of CRP (although the median
was 2-fold greater in the group of patients with HT). The use
of prednisone, hydroxychloroquine (HCQ), nonsteroidal
antiinflammatory drugs (NSAID), and immunosuppressive
therapy was similar in both groups.

Differences between women with SLE with and without HT

for each age range. In patients under age 40, those with and
without HT were comparable in age, body mass index
(BMI), and other traditional risk factors such as diabetes,
smoking, alcohol consumption, and sedentary lifestyle (data
not shown). In contrast, hypertensive patients had higher
levels of uric acid and insulin and higher HOMA index val-
ues, as well as higher total cholesterol, low-density lipopro-
tein cholesterol, and triglycerides. Although renal impair-
ment was more frequent among hypertensive patients, no
differences were found in median creatinine levels and
median creatinine clearance. Of note, hypertensive women

under age 40 with SLE had more disease activity-related
markers than normotensive patients of the same age. They
also had a higher SLEDAI score, greater presence of
anti-dsDNA antibodies, and higher levels of ESR (but not
CRP) and fibrinogen, a higher platelet count, and lower
 levels of albumin and hemoglobin. The hypertensive patients
also took higher doses of prednisone, immunosuppressive
agents, and NSAID. In addition, SDI and levels of homocys-
teine were higher in hypertensive patients. Interestingly, the
duration of SLE was shorter in hypertensive patients in com-
parison with normotensive subjects (Table 3).

In contrast, in the older group, hypertensive patients had a
higher BMI, greater renal impairment, and worse renal func-
tion, and the duration of disease was longer in comparison
with normotensive patients. Similarly, they also had higher
levels of uric acid and homocysteine. However, in contrast
with the younger group, no differences were found in disease
activity-related markers and in treatment for SLE (Table 3). 

Differences between hypertensive women with SLE accord-

ing to age. Those older than age 40 had longer disease dura-
tion, higher BMI, and were more likely than the younger
group to be obese and to have renal impairment with lower
creatinine clearance and serum albumin levels. In contrast,
younger hypertensive women had higher levels of insulin
and more disease activity-related markers such as a higher
SLEDAI score, anti-dsDNA antibodies, anemia, and higher
platelet counts. They also took more prednisone and
immunosuppressive therapy (Table 3).

Multivariate analysis. In younger women with SLE, vari-
ables independently associated with HT were renal impair-
ment and insulin levels. In the older group, the associated
variables were age, obesity, and renal impairment. Finally,
when all women with SLE were considered, the variables
that retained significance were age, insulin levels, renal
involvement, and SLEDAI score (Table 4).

DISCUSSION

The overall prevalence of HT was almost 2-fold higher in
women with SLE in relation to control subjects, but propor-
tionally it was significantly higher in women with SLE who
were aged ≤ 40 years (3.6-fold) than in those above age 40
(1.5-fold). In our cohort of women with SLE, the presence
of HT was independently associated with age, renal involve-
ment, insulin levels, and SLEDAI score. However, factors
associated with HT in women with SLE were different
according to the age range considered. In SLE women under
age 40, it was independently associated with renal involve-
ment and insulin levels. In contrast, in those older than 40,
it was associated to a greater extent with traditional cardio-
vascular risk factors (age, obesity, and renal involvement).

A growing body of literature supports a role for the
immune system and chronic inflammation in the develop-
ment of HT among the general population17,18,19,20.
Moreover, it has been demonstrated that immunosuppres-

Figure 1. Frequency of hypertension (HT) in women with systemic lupus
erythematosus (SLE) and controls according to age. *40% vs 11% (OR
5.4, 95% CI 2.4–12.0). **74% vs 47% (OR 3.2, 95% CI 1.6–6.5). ***56%
vs 29% (OR 3.1, 95% CI 1.9–5.0).
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sive therapy with mycophenolate mofetil reduced BP in
patients with psoriasis and rheumatoid arthritis21. Since SLE
is a chronic inflammatory autoimmune disorder, it is likely
that inflammation plays a central role in the pathogenesis of
HT in these patients. Our findings seem to support this
hypothesis. Women with SLE who had HT had a higher
SLEDAI score, higher levels of ESR, IL-6 and fibrinogen,
and they tended to be more likely to have anti-dsDNA anti-
bodies (p = 0.054) compared to normotensive patients. In
addition, in the younger group, the disease activity was
greater in hypertensive than in normotensive patients, as indi-
cated by a higher SLEDAI score and higher levels of inflam-
matory markers. In contrast, no differences were found in dis-
ease activity markers between hypertensive and normotensive
patients older than 40 years. Finally, disease activity was also
greater in younger hypertensive patients compared with older
hypertensive patients, as indicated by a higher SLEDAI score

and greater use of prednisone and immunosuppressive agents.
In view of these findings, we hypothesize that in younger
women with SLE, HT is associated to a greater extent with
inflammation, while in older patients, who present SLE activ-
ity to a lesser degree, HT is mainly associated with tradition-
al cardiovascular factors such as age, obesity, and chronic
renal involvement, as indicated by the multivariable analysis.
Therefore, as the disease becomes less active over time,
SLE-related factors as contributors to HT could be replaced
by the traditional risk factors associated with age, as occurs
among the general  population.

However, a possible confounding factor may exist:
patients who had higher disease activity also received a
higher prednisone dose, which has been found to trigger an
increase in BP. Therefore, HT could be associated to a
greater extent with prednisone use rather than with the
inflammation itself. However, as discussed, the median dose

Table 2. Main characteristics of women with systemic lupus erythematosus with and without hypertension.
Mann-Whitney U test was used for continuous variables and Pearson’s chi-square test for categorical variables.

Hypertension
Present, n = 63, Absent, n = 49, p

median (range) or % median (range) or %

Age, yrs 52 (44–60) 39 (30–44) 0.001
Disease duration, yrs 19 (12–27) 10 (5–15) 0.014
Body mass index, kg/m2 30 (23–33) 25 (23–29) 0.004
Creatinine, mg/dl 0.9 (0.8–1.5) 0.7 (0.6–0.9) 0.003
Creatinine clearance, mg/min 84 (58–100) 113 (85–131) < 0.001
Triglycerides, mg/dl 105 (85–147) 74 (59–115) < 0.001
Total cholesterol, mg/dl 196 (171–212) 163 (156–197) 0.001
HDL-cholesterol, mg/dl 57 (47–70) 60 (48–72) NS
LDL-cholesterol, Mg/Dl 115 (94–135) 93 (82–110) < 0.001
HOMA index 1.79 (0.97–2.85) 1.68 (0.97–2.44) 0.003
Renal involvement 51 18 0.001
Metabolic syndrome 30 6 0.002
SDI 3 (0–4) 0 (0–2) < 0.001
SLEDAI 6 (2–6) 4 (2–6) 0.038
Dyslipidemia 92 49 < 0.001
Diabetes mellitus 6 0 NS
Obesity 37 12 0.004
Smoking 27 61 < 0.001
Alcohol consumption 14 31 0.062
Sedentary lifestyle 43 47 NS
Anti-dsDNA antibodies 92 78 0.054
Antiphospholipid antibodies 24 22 NS
C-reactive protein, mg/dl 0.2 (0.1–0.3) 0.1 (0.1–0.4) NS
Erythrocyte sedimentation rate, mm/h 33 (23–50) 23 (15–38) 0.003
Interleukin 6 5.5 (1.5–22) 1.5 (1.5–19) 0.048
Homocysteine, µmol/l 14.5 (13.7–22.7) 12.4 (10.7–14.4) < 0.001
Fibrinogen, mg/dl 360 (327–397) 315 (285–370) < 0.001
Current dose of prednisone, mg/day 5 (0–7.5) 3.75 (0–5) NS
Prednisone 71 65 NS
Hydroxychloroquine 68 82 NS
Immunosuppressive agents 28 27 NS
NSAID 51 65 NS

NS: not significant; HDL: high-density lipoprotein; LDL: low-density lipoprotein; HOMA: homeostasis model
assessment; SDI: Systemic Lupus International Collaborating Clinics/American College of Rheumatology
Damage Index; SLEDAI: Systemic Lupus Erythematosus Disease Activity Index; NSAID: nonsteroidal antiin-
flammatory drugs.
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used in both hypertensive and normotensive groups was
very low (only 4 patients in the cohort received > 10
mg/day), and it is likely that these doses of prednisone were
not high enough to have a significant effect on BP. In this
regard, it has been reported that a 10-mg increase in the
prednisone dose given to patients with SLE in the last 90
days produced a change in mean arterial BP of 1.1 mm Hg22,
and the same increase in the dose of prednisone in the pre-
ceding year led to a 1.6 mm Hg rise in systolic BP3.

It is very likely that much of the inflammation observed
in hypertensive patients is due to the presence of lupus
nephritis, especially among younger patients. In this regard,
we found that the SLEDAI score was independently associ-
ated with HT when the entire cohort was considered.
However, in a large cohort study (LUMINA) this associa-
tion was not documented, probably because, unlike in our
study, scores from the renal domain were excluded in the
Systemic Lupus Activity Measure-Revised12. This may also
explain why the SLEDAI score was not independently asso-

ciated with HT in the younger group, in which a high dis-
ease activity was observed. In other words, it is likely that
the SLEDAI score and renal involvement are not complete-
ly independent variables in this group.

In accord with the findings of other authors12, a strong
association between renal involvement and HT was identi-
fied in both the younger and older subgroups. The definition
of renal involvement used in our study includes different
settings ranging from active lupus nephritis to chronic renal
failure without inflammation. Unfortunately, these alterna-
tives were not taken into account at the time of patient inclu-
sion. However, when only patients with renal involvement
were considered, younger women with SLE received a high-
er prednisone dose (p = 0.001) and they were more likely to
use prednisone (p = 0.026), immunosuppressive therapy 
(p = 0.049), and HCQ (p = 0.009) than older patients (data
not shown). In addition, they had higher SLEDAI scores 
(p = 0.047), higher levels of anti-dsDNA antibodies (p =
0.024), and lower levels of C4 (p = 0.045) and hemoglobin

Table 3. Comparison of demographic data, biochemical measurements, and therapies between women with systemic lupus erythematosus (SLE) with and
without hypertension, categorized by age. Mann-Whitney U test was used for continuous variables and Pearson’s chi-square test for categorical variables.
Data are expressed as the median (interquartile range) or a percentage.

Women with SLE, age ≤ 40 yrs, Women with SLE, age > 40 yrs,
n = 58 n = 58

HT, n = 23 No HT, n = 35 p HT, n = 40 No HT, n = 14 p p*

Age, yrs 32 (21–36) 34 (28–38) NS 54 (46–62) 46 (42–53) 0.006 < 0.001
Disease duration, yrs 5 (3–12) 9 (6–13) 0.050 18 (11–25) 12 (7–19) 0.057 < 0.001
Body mass index, kg/m2 25 (23–31) 25 (22–28) NS 28 (23–33) 23 (21–28) 0.037 NS
Systolic BP, mm Hg 120 (115–125) 111 (102–119) 0.003 130 (118–140) 109 (95–117) < 0.001 0.011
Diastolic BP, mm Hg 79 (71–85) 73 (65–80) 0.039 79 (75–88) 69 (66–71) < 0.001 NS
Fasting glucose, mg/dl 82 (75–88) 81 (75–86) NS 86 (78–89) 81 (76–85) NS NS
Uric acid, mg/dl 4.6 (3.9–5.6) 3.9 (3.3–4.3) 0.002 5.5 (4.4–6.2) 4.1 (3.7–4.8) 0.005 NS
Creatinine, mg/dl 0.8 (0.6–0.9) 0.7 (0.6–0.8) NS 0.9 (0.7–1.1) 0.7 (0.7–0.8) 0.041 NS
Creatinine clearance, mg/min 129 (100–158) 115 (98–133) NS 78 (57–101) 82 (74–113) NS < 0.001
Insulin, mU/l 12.2 (11.3–13.4) 6.4 (4.4–9.8) 0.001 8.7 (5.4–13.6) 5.0 (3.2–10.3) NS 0.051
HOMA index 2.4 (1.8–3.3) 1.3 (0.9–1.9) 0.001 1.9 (1.0–2.7) 1.0 (0.6–2.9) NS NS
SLEDAI 6 (4–10) 2 (2–8) 0.007 4 (2–6) 2 (0–5) NS 0.007
SDI 1 (0–3) 0 (0–1) 0.008 1 (0–4) 0 (0–1) NS NS
Anti-dsDNA-positive, % 74 34 0.007 21 28 NS 0.001
Complement 3, mg/dl 96 (72–109) 93 (84–106) NS 105 (85–130) 106 (93–116) NS 0.078
Albumin, g/dl 4.1 (3.8–44) 4.5 (4.3–4.6) < 0.001 4.3 (4.1–4.6) 4.4 (4.1–4.5) NS 0.021
Renal involvement, % 74 23 < 0.001 38 7 0.043 0.008
ESR, mm/h 31 (27–68) 20 (14–32) 0.045 31 (22–39) 22 (12–34) NS NS
C-reactive protein, mg/dl 0.2 (0.1–0.5) 0.1 (0.1–0.3) NS 0.2 (0.1–0.5) 0.2 (0.1–0.6) NS NS
Interleukin 6, pg/ml 1.9 (1.5–23) 1.6 (1.5–9.8) NS 1.7 (1.5–31) 1.5 (1.5–20) NS NS
Fibrinogen, mg/dl 348 (315–413) 299 (255–326) < 0.001 368 (315–410) 305 (286–393) NS NS
Homocysteine, µmol/l 14 (11–16) 11 (10–13) 0.022 14 (13–17) 11 (10–14) 0.001 NS
Hemoglobin, mg/dl 12 (11–13) 13 (12–14) 0.011 14 (13–15) 14 (13–14) NS 0.002
Platelet count (105/l) 2.6 (2.4–3.4) 2.1 (1.9–2.9) 0.015 2.0 (1.6–2.5) 2.4 (1.9–2.9) NS 0.001
Prednisone, mg/day 6.3 (3.8–10) 2.5 (0–5) 0.001 2.5 (0–5) 3.1 (0–5.6) NS < 0.001
Prednisone 87 63 0.041 63 71 NS 0.047
Immunosuppressive agents 65 34 0.031 23 7 NS 0.001
NSAID 39 69 0.033 58 57 NS NS
Hydroxychloroquine 83 89 NS 60 64 NS NS

* Comparison between younger and older hypertensive women. HT: hypertension; NS: not significant; BP: blood pressure; HOMA: homeostasis model
assessment; SLEDAI: SLE Disease Activity Index; SDI: Systemic Lupus International Collaborating Clinics/American College of Rheumatology Damage
Index; ESR: erythrocyte sedimentation rate; NSAID: nonsteroidal antiinflammatory drugs.
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(p = 0.015; data not shown). These data suggest that renal
involvement in women with SLE aged ≤ 40 years consists of
a more active renal disease, while in older women with SLE
it corresponds to a more inactive chronic renal impairment.

To our knowledge, ours is the first study in which insulin
levels have been independently associated with the presence
of HT in women with SLE, especially in those under age 40.
In keeping with this finding, it has been recently established
that insulin levels strongly affect the risk of HT in young
women among the general population23. The presence of
hyperinsulinemia and increased insulin resistance has been
identified in patients with SLE4,24,25,26. It has been demon-
strated that NZBWF1 mice (a murine model of SLE) pres-
ent many characteristics associated with metabolic syn-
drome, including HT and insulin resistance27. Several theo-
ries have been proposed that explain how insulin may pro-
mote HT. Placebo-controlled studies in healthy subjects
have demonstrated that insulin perfusion is associated with
an increase in plasma catecholamine levels, heart rate, and
systolic BP28,29. Euglycemic clamp studies have shown that
insulin infusion increases plasma-renin activity and
angiotensin II levels and modifies the renal handling of
sodium30,31,32. Finally, it has been demonstrated that modest
increases in insulin in healthy subjects impair endothelium
function33. There are several mechanisms that could poten-
tially contribute to the presence of higher insulin levels in
younger women with SLE who have HT in relation to those
without HT, such as obesity, prednisone use, and systemic
inflammation. A study has shown that the major contribut-
ing factor to insulin resistance in SLE was BMI34. However,
no differences were observed in BMI between the 2 groups
in our study, suggesting that the increased insulin levels
observed in the group of younger hypertensive women do
not appear to be generally associated with the presence of

obesity. With regard to prednisone use, Posadas-Romero, et

al24 reported a significant independent association between
prednisone dosage and insulin levels in a pediatric cohort. In
our study, young hypertensive women with SLE received a
higher prednisone dose than normotensives [median 6.3
mg/day (range 3.8–10) vs 2.5 mg/day (range 0–5)], but these
doses were considerably lower than those included in
Posadas-Romero, et al. In keeping with this, no association
has been found between the use of prednisone at low doses
and insulin levels20,21. In addition, we recently found that
the percentage of patients with SLE who have insulin resist-
ance was similar among those who took an average of ≤ 7.5
mg/day of prednisone and those who were taking none35.

Therefore, collectively these results suggest that the
hyperinsulinemia observed in these patients could be large-
ly due to inflammation. Thus, in younger patients with a
more active disease, inflammation could drive insulin resist-
ance and hyperinsulinemia, and in turn, increased insulin
levels could lead to HT by means of these mechanisms, ulti-
mately contributing to the development of premature arte-
riosclerosis. However, given that this was a cross-sectional
study, conclusions can only be used for hypothesis genera-
tion, and do not provide proof of causality or directionality,
for which further appropriate investigations are required.
Another possible limitation is that the ethnic background of
the study population (white) might restrict the generaliza-
tion of the results to other SLE cohorts.

The factors associated with HT in women with SLE dif-
fered depending on their age. HT seems to be associated
with SLE-related factors such as a more active renal disease
and inflammatory nonobesity-related hyperinsulinemia in
younger women, while in older women it may be associated
to a greater extent with traditional cardiovascular risk fac-
tors (age, obesity, and noninflammatory renal disease).
Moreover, HT was found to be more prevalent in women
with SLE than in control subjects, being proportionally
higher in women with SLE aged ≤ 40 years than in women
with SLE who were older than 40 years (3.6-fold and
1.6-fold, respectively). These data may be useful in improv-
ing our understanding of the pathogenesis of HT in SLE and
in the early identification of patients who may need to be
specifically targeted for screening and intervention in a rou-
tine clinical setting. 
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