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Abstract

Cardiac involvement is an important cause of morbidity and mortality in patients with
idiopathic inflammatory myopathies (IIMs). Hypertension, an important cardiovas-
cular risk factor for the general population, has a crucial role in heart involvement.
However, few studies have focused on the hypertension associated with 1IMs. This
study aimed to develop and assess the prediction model for incident hypertension
in patients with [IMs. A retrospective cohort study was performed on 362 patients
with 1IMs, of whom 54 (14.9%) were given a diagnosis of new-onset hypertension
from January 2008 to December 2018. The predictors of hypertension in 1IMs were
selected by least absolute shrinkage and selection operator (LASSO) regression, mul-
tivariable logistic regression, and clinically relevance, and then these predictors were
used to draw the nomogram. Discrimination, calibration and clinical usefulness of the
model were evaluated using the C-index, calibration plot, and decision curve analy-
sis, respectively. The predicting model was validated by the bootstrapping validation.
The nomogram mainly included predictors such as age, diabetes mellitus, triglyceride,
low-density lipoprotein-cholesterol (LDL-C), antinuclear antibodies (ANA), and smok-
ing. This prediction model demonstrated good discrimination with a C-index of 0.754
(95%Cl, 0.684 to 0.824) and good calibration. The C-index of internal validation was
0.728, and decision curve analysis demonstrated that this nomogram was clinically
useful. Clinicians can use this prediction model to assess the risk of hypertension in
IIMs patients, and early preventive measures should be taken to reduce the incidence

of hypertension in high-risk patients.

1 | INTRODUCTION

Idiopathic inflammatory myopathies (lIMs) are a group of auto-
immune diseases that are characterized by chronic inflammation
of muscle and proximal muscle weakness. The best recognized
subsets of IIMs are polymyositis and dermatomyositis. As a rare
disease, the annual incidence of 1IMs ranges from 5.8 to 7.9 per
100 000 person-years, and the prevalence of which ranges from

14.0 to 17.4 per 100 000 person-years.1 1IMs can involve multiple

organs, including skin, lungs, joints, heart, and gastrointestinal
tract. Previous studies demonstrated that cardiovascular involve-
ment was the important cause of high morbidity and mortality in
patients with [IMs.2 In fact, cardiovascular involvement in pa-
tients with polymyositis is higher than the general population.® In
addition, the reported prevalence of hypertension in patients with
IIMs varies between 38.7% and 71%, based on different patient
selection and the definition of the disease, which is also higher than

the general population,5'7’8
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The prevalence of hypertension in patients with [IMs is ex-
tremely high. However, the physicians overlook the presence and
onset of hypertension in [IMs patients. What's more, the underlying
pathogenesis and mechanisms of diseases remain unclear. Limited
evidence found that the autoimmune mechanism played a vital role
in incident hypertension.” Antibodies against al-adrenergic recep-
tors and angiotensin Il were considered important in the devel-
opment of hypertension, which may be related to the reaction of
myositis autoantigens and stimulated the inflammatory response in
[IMs.? Patients with hypertension may lead to serious complications,
including stroke, atherosclerosis, kidney damage, myocardial infarc-
tion, and so on. Hypertension is a main risk factor for cardiovascular
and cerebrovascular events, which can increase the risk of death.1®
Thus, it is important to be able to predict whether patients with 1IMs
have a high risk of developing hypertension so that preventive mea-
sures can be taken early.

So far, many studies have developed or verified the risk models
for predicting the incidence of hypertension, and the results of these
models show that age, diabetes mellitus, smoking, and dyslipidemia
are important predictors of hypertension.“'14 However, most of
these prediction models of hypertension are based on the general
population and rarely involve patients with related diseases. To our
knowledge, there is no study focused on the incidence of hyperten-
sion in patients with [IMs.

Nomograms can make the results of prediction model readable
and help doctors make better clinical decisions. Therefore, the pur-
pose of this study is to develop a valid nomogram to predict the in-
cident hypertension based on baseline features, laboratory-related

indexes, and therapy-related factors of 1IMs patients.

2 | MATERIALS AND METHODS

2.1 | Study population

The study was conducted by patients with [IMs attending a routine
hospital visit at the Third People's Hospital of Chengdu between
January 2008 and December 2018. The diagnosis of [IMs was con-
firmed according to the criteria of Bohan and Peter by skilled cli-
nicians.'® All participants should be periodical (at least once every
three months) follow-up visits between January 2008 and December
2018. The duration of follow-up was defined as the duration from
the onset of [IMs to the date of diagnosis of hypertension or the last
visit, whichever came first. Patients were excluded in the baseline if
they had previous history of hypertension, malignant tumor, valvular
heart disease, congenital heart disease, myocardial infarction, heart
failure, chronic obstructive pulmonary disease, renal failure, over-
lap syndrome, primary hyperaldosteronism, Cushing's syndrome,
infectious diseases, electrolyte imbalances, and severe hypothyroid-
ism. Moreover, patients were also not included who were irregular
follow-up, incomplete data, and subjects with uncertain hyperten-
sion status at follow-up. Finally, a total of 362 patients who met the

criteria were included. Ethical approval was obtained from the ethics
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committee of the Third People's Hospital of Chengdu, and the in-

formed consent requirement was informed.

2.2 | Data collection

Demographics, clinical manifestations, physical signs, laboratory-
related indexes, and therapy-related factors of patients were sys-
tematically extracted from electronic medical records. Data were
extricated by two trained physicians and checked by the third expe-
rienced physician. After an overnight fast, venous blood was taken
in the morning from all cases, and laboratory-related indexes were
determined using standard techniques.

2.3 | Hypertension assessment

During the follow-up period, systolic blood pressure (SBP)
2140 mmHg and/or diastolic blood pressure (DBP) 290 mmHg,
and/or self-reported hypertension was defined as new-onset hy-
pertension.’® Patients were checked at the time of diagnosis of
hypertension or the last visit, whichever came first. The blood
pressure of patients with IIMs was measured three times at the
right arm using the digital blood pressure monitor by trained
medical students or clinical doctors. The first measurement was
made after a five-minute break. The second and third measure-
ments were performed at three-minute intervals following the
first reading.17 The average of the second and third results was
used for this study.

2.4 | Definition

In this study, patients with an overlap syndrome had to meet
the criteria of the American Rheumatism Association for sys-
temic lupus erythematosus (SLE) or rheumatoid arthritis (RA).*&%Y
Smokers were defined as subjects who had been regularly smok-
ing for at least one year and were still smoking, whereas nonsmok-
ers were defined as those who had not.?° The diagnosis criteria of
diabetes mellitus were fasting plasma glucose level 27.0mmol/L,
and/or plasma glucose levels 2 hours after 75 g glucose load
(2 hPG) 211.1mmol/L, and/or HbAlc 26.5%.2' The normal refer-
ence range of some laboratory-related indexes was determined
by the biochemical laboratory of the hospital combined with the
reference range provided by reagent manufactures. The spe-
cific values were as follows: total protein (TP, 60-83g/L), albu-
min (ALB, 35-55g/L), urea (3.38-8.57mmol/L), serum creatinine
(Scr, 53-140pmol/L), uric acid (UA, 240-490pmol/L), triglyceride
(TG, 0.29-1.83mmol/L), total cholesterol (TC, 2.8-5.7mmol/L),
high-density lipoprotein-cholesterol (HDL-C, >0.9mmol/L), low-
density lipoprotein-cholesterol (LDL-C, <4.0mmol/L), C-relative
protein (CRP, <5mg/L), and erythrocyte sedimentation rate
(ESR, <38mm/h).
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2.5 | Statistical analysis

All data including baseline features, clinical manifestation,
laboratory-related indexes, and therapy-related factors were ex-
pressed as count (%). All statistical analyses were performed with
the R software (Version 3.6.1; https://www.R-project.org). All tests
were two sided, and P-value<0.1 was considered to be statistically
significant.

The least absolute shrinkage and selection operator (LASSO)
regression model was used to select the significant predictive fea-
tures from the primary data, which was fit for the reduction in high-
dimensional data.?? We first select the important features related
to hypertension in [IMs patients by using LASSO regression. Then,
the variables selected by the LASSO regression model were used for
multivariable logistic regression. The variables were considered as
odds ratio (OR) having 95% confidence interval (Cl) and as P-value.
The establishment of predictive model for hypertension was based
on the results of the LASSO regression model, multivariable logistic
regression, and clinical correlation.

The most relevant factors were used to draw the nomogram.
Harrell's C-index was applied to evaluate the performance of the
nomogram.23 The C-index estimates the probability of concor-
dance between predicted and observed results. The C-index of
the model ranges from 0.5 to 1.0. The C-index of 0.5 indicates
random chance and this model has no predictive value, and the C-
index of 1.0 shows this model has perfect discrimination and there
is at least one threshold that yields a perfect prediction.?® If the
C-index is between 0.5 and 1.0, it demonstrates the model has a
certain predictive value.

The goodness of fit was assessed using a calibration plot, and
the area under the curve (AUC) of receiver operating characteristic
(ROC) is equal to the C-index. The clinical usefulness of this pre-
diction model is proved by using the decision curve analysis (DCA),
and the DCA curve is obtained by quantifying the net benefits of
different threshold probabilities in patients.24 The relatively correc-
tional C-index of this nomogram is calculated by using bootstraps
with 1000 samples.?®

3 | RESULTS

3.1 | Patients’ characteristics

A total of 362 patients with |IMs visited the Third People's Hospital
of Chengdu from January 2008 to December 2018, and 54 of
them developed hypertension, with a mean age of 57 + 13 years.
And 308 patients had normal blood pressure, with a mean age of
47 + 13 years. The cohort consisted of 97 patients with polymyositis,
253 patients with dermatomyositis, and 12 patients with inclusion
body myositis. The median duration of follow-up in [IMs patients
was 6 months (ranging from 1 to 120 months). The mean of base-
line SBP and DBP of the included subjects was 118 + 16 mmHg
and 74 + 12 mmHg. The means of baseline SBP and DBP of the

patients with or without hypertension were 134 + 16 mmHg and
85 + 13 mmHg, 116 + 14 mmHg and 72 + 11 mmHg, respectively.
The characteristics of patients including baseline features, clinical
manifestation, laboratory-related indexes, and therapy-related fac-

tors are summarized in Table 1.

3.2 | Feature selection

Of baseline features, laboratory-related indexes and therapy-related
factors, 36 features were reduced to 16 potential predictors on the
basis of 362 patients in the cohort (Figure 1), and these features had
nonzero coefficients in the LASSO regression model. These features
included age, smoking, diabetes mellitus, myalgia, arthralgia, rash,
ALB, urea, Scr, UA, TG, LDL-C, ESR, ANA, anti-SSA antibody, and
anti-SSB antibody. However, the results of the multivariable logistics
regression analysis showed that age, smoking, diabetes mellitus, TG,
LDL-C, and ANA are statistically significant (Table 2). It was worth
noting that there was no statistical significance among SBP for
every 10 mmHg change in multivariable logistics regression analysis
(P = .203), and there was similarity in the discrimination, calibration
and clinical usefulness of the prediction models with and without
“SBP (per 10 mmHg)” this variable. Based on the results of LASSO
regression and multivariable logistic regression, and clinical correla-
tion, we selected age, smoking, diabetes mellitus, TG, LDL-C, and
ANA as predictors of hypertension.

3.3 | Development of an individualized
prediction model

Based on the results of LASSO regression and multivariable logistic
regression, and clinical correlation, the prediction model was devel-
oped and presented as the nomogram (Figure 2). The higher the sum
of the assigned number of points of each related factor in the nomo-
gram, the higher the risk of developing hypertension.

3.4 | Apparent performance of the prediction
hypertension nomogram in [IMs patients

The calibration curve of the prediction hypertension nomogram in
these patients revealed good calibration in this cohort (Figure 3).
The C-index of the prediction hypertension nomogram was 0.754
(95%Cl, 0.684 to 0.824), and the C-index was confirmed to be 0.728
by bootstrapping validation. These results suggested this model had
good discrimination.

3.5 | Clinical use

The decision curve analysis of the prediction hypertension nomo-

gram is presented in Figure 4. The decision curve showed that if the
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TABLE 1 Clinical and demographic characteristics of IIMs patients

Characteristics
Age (n, %) (years)
<50
250
Gender (n,%)
Female
Male
SBP (mean+SD) (mmHg)
DBP (mean+SD) (mmHg)
Follow-up (n,%) (months)
<6
26
Smoking (n,%)
Yes
No
Diabetes mellitus (n,%)
Yes
No
Dysphagia (n,%)
Yes
No
Myalgia (n,%)
Yes
No
Arthralgia (n,%)

No

Lung involvement (n,%)
Yes
No

Gottron's sign (n,%)
Yes
No

Raynaud's phenomenon (n,%)

Yes
No
ESR (n,%)
Normal
Above normal
CRP (n,%)
Normal
Above normal
TP (n,%)

Below normal

Hypertension (n=54)

16(29.6)
38(70.4)

40(74.1)
14(25.9)
134+16
85+13

26(48.1)
28(51.9)

1(1.9)
53(98.2)

10(18.5)
44(81.5)

19(35.2)
35(64.8)

20(37.0)
34(63.0)

16(29.6)
38(70.4)

34(63.0)
20(37.0)

15(27.8)
39(72.2)

13(24.1)
41(75.9)

3(5.6)
51(94.4)

44(81.5)
10(18.5)

33(61.1)
21(38.9)

41(75.9)

Non-hypertension (n=308)

181(58.8)
127(41.2)

205(66.6)
103(33.4)
116+14
7211

143(46.4)
165(53.6)

25(8.1)
283(91.9)

25(8.1)
283(91.9)

141(45.8)
167(54.2)

157(51.0)
151(49.0)

130(42.2)
178(57.8)

213(69.2)
95(30.8)

101(32.8)
207(67.2)

84(27.2)
224(72.7)

31(10.1)
277(89.9)

214(69.5)
94(30.5)

166(53.9)
142(46.1)

212(68.8)

197(54.4)
165(45.6)

245(67.7)
117(32.3)
118 £16
74£12

169(46.7)
193(53.3)

26(7.2)
336(92.8)

35(9.7)
327(90.3)

160(44.2)
202(55.8)

177(48.9)
185(51.1)

146(40.3)
216(59.7)

247(68.2)
115(31.8)

116(32.0)
246(68.0)

97(26.8)
265(73.2)

34(9.4)
328(90.6)

258(71.3)
104(28.7)

199(55.0)
163(45.0)

253(69.9)

Wi LEY-1%

Total (n=362)

(Continues)
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TABLE 1 (Continued)

Characteristics

Normal
ALB (n,%)
Below normal
Normal
Urea (n,%)
Below normal
Normal
Above normal
Scr (n,%)
Below normal
Normal
UA (n,%)
Below normal
Normal
Above normal
TG (n,%)
Normal
Above normal
TC (n,%)
Below normal
Normal
Above normal
HDL-C (n,%)
Below normal
Normal
LDL-C (n,%)
Normal
Above normal
ANA (n,%)
Positive

Negative

Anti SSA antibody (n,%)

Positive

Negative

Anti SSB antibody (n,%)

Positive

Negative

Anti-SCL-70 antibody (n,%)

Positive

Negative

Anti-Jo1 antibody (n,%)

Positive

Negative
Use of GC (n,%)

Yes

No

QINETAL

Hypertension (n=54)
13(24.1)

21(38.9)
33(61.1)

2(3.7)
47(87.0)
5(9.3)

21(38.9)
33(61.1)

13(24.1)
40(74.1)
1(1.9)

19(35.2)
35(64.8)

3(5.6)
35(64.8)
16(29.6)

12(77.8)
42(22.2)

44(81.5)
10(18.5)

43(79.6)
11(20.4)

2(3.7)
52(96.3)

0(0.0)
54(100.0)

1(1.9)
53(98.1)

3(5.6)
51(94.4)

25(46.3)
29(53.7)

Non-hypertension (n=308)
96(31.2)

154(50.0)
154(50.0)

44(14.3)
243(78.9)
21(6.8)

162(52.6)
146(47.4)

109(35.4)
194(63.0)
5(1.6)

163(52.9)
145(47.1)

20(6.5)
243(78.9)
45(14.6)

80(74.0)
228(74.0)

293(95.1)
15(4.9)

202(65.6)
106(34.4)

46(14.9)
262(85.1)

16(5.2)
292(94.8)

4(1.3)
304(98.7)

23(7.5)
285(92.5)

131(42.5)
177(57.5)

109(30.1)

175(48.3))
187(51.7)

46(12.7)
290(80.1)
26(7.2)

183(50.6)
179(49.4)

122(33.7)
234(64.6)
6(1.7)

182(50.3)
180(49.7)

23(6.4)
278(76.8)
61(16.9)

92(74.6)
270(74.6)

337(93.1)
25(6.9)

245(67.7)
117(32.3)

48(13.3)
314(86.7)

16(4.4)
346(95.6)

5(1.4)
357(98.6)

26(7.2)
336(92.8)

156(43.1)
206(56.9)

Total (n=362)

(Continues)



QINETAL.

Wi LEy-L15

TABLE 1 (Continued)

Characteristics

Use of MTX (n,%)
Yes
No

Use of CTX (n,%)
Yes
No

Use of HCQ (n,%)
Yes
No

Use of AZA (n,%)
Yes
No

Use of LEF (n,%)
Yes
No

Use of Tl (n,%)
Yes
No

Use of TGP (n,%)
Yes
No

Hypertension (n=54)

7(13.0)
47(87.0)

2(3.7)
52(96.3)

3(5.6)
51(94.4)

1(1.9)
53(98.1)

1(1.9)
53(98.1)

1(1.9)
53(98.1)

1(1.9)
53(98.1)

Non-hypertension (n=308)

30(9.7)
278(90.3)

7(2.3)
301(97.7)

20(6.5)
288(93.5)

7(2.3)
301(97.7)

4(1.3)
304(98.7)

8(2.6)
300(97.4)

7(2.3)
301(97.7)

Total (h=362)

37(10.3)
325(89.8)

9(2.5)
353(97.5)

23(6.4)
339(93.6)

8(2.2)
354(97.8)

5(1.4)
357(98.6)

9(2.5)
353(97.5)

8(2.2)
354(97.8)

Abbreviations: ALB, albumin; ANA, antinuclear antibodies; AZA, azathioprine; CRP, C-relative protein; CTX, cyclophosphamide; DBP, diastolic blood
pressure;ESR, erythrocyte sedimentation rate; GC, glucocorticoid; HCQ, hydroxychloroquine; HDL-C, high-density lipoprotein-cholesterol; LDL-C,
low-density lipoprotein-cholesterol; LEF, leflunomide; MTX, methotrexate; SBP, systemic blood pressure; Scr, serum creatinine; TC, total cholesterol;
TG, triglyceride; TGP, total glucosides of paeony; TlI, tripterygium wilfordii; TP, total protein; UA, uric acid.
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FIGURE 1 Demographic and clinical features selection using the LASSO regression model
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TABLE 2 Multivariable logistic regression model for features of
hypertension

Prediction model

Intercept and
variable B Odds ratio (95%Cl) P-value
Intercept -3.6670 0.0256 0.0002
(0.0028-0.1528)
Age, years
>50 0.8936 2.4440 0.0168
(1.1886-5.1874)
<50 - 1.0000(Reference) -
Diabetes mellitus
Yes 1.1402 3.1275 0.0214
(1.1636-8.2591)
No - 1.0000(Reference) -
TG
Above normal 0.8243 2.2803 0.0235
(1.1278-4.7292)
Normal - 1.0000(Reference) -
LDL-C
Above normal 1.3073 3.6962 0.0154
(1.2682-10.6914)
Normal - 1.0000(Reference) -
ANA
Positive 0.9832 2.6731 0.0172
(1.2306-6.2820)
Negative - 1.0000(Reference) -
Smoking
Yes -2.1558 0.1158(0.0053- 0.0674
0.7712)
No - 1.0000(Reference) -

Abbreviations: ANA, antinuclear antibodies; LDL-C, low-density
lipoprotein-cholesterol; TG, triglyceride.

threshold probability of a patient and a doctor is >1% and <50%,
using this nomogram to predict hypertension in patients with [IMs
adds more benefit than the scheme. With this range, net benefit was
comparable with several overlaps, on the basis of the prediction hy-

pertension nomogram.

4 | DISCUSSION

Cardiac involvement in [IMs patients is often clinically silent, which
rarely attracts the attention of clinicians.?® However, the causes of
death in [IMs patients were mostly attributed to cardiovascular com-
plications.? Therefore, it is urgent to take measures to identify the
risk factors of cardiovascular events in [IMs patients. Hypertension,
an important cardiovascular risk factor, has a crucial role in heart
involvement. The nomogram is widely applied to predict the risk of
certain complications, disease, death, and so on. Our study was the
first to use the nomogram to predict and validate the risk of hyper-
tension in [IMs patients. The nomogram showed that age 250 years,
diabetes mellitus, high levels of TG and LDL-C, positive ANA and
nonsmokers were more likely to develop hypertension in [IMs pa-
tients. In addition, the C-index of the nomogram and the internal
validation was good, which indicated this predictive model had
good discriminative ability and calibration. Meanwhile, the decision
curve analysis revealed this nomogram had good clinical usefulness.
Clinicians can use these features to assess the risk of hypertension
in 1IMs patients, and early preventive measures should be taken to
reduce the incidence of hypertension in high-risk patients.

Most of the results of the current study are consistent with pre-
vious results in the other autoimmune diseases or general popula-
tion. For example, there is an increased risk of hypertension in [IMs
patients older than 50 years old, and it may be associated with the

increase in peripheral vascular resistance and vascular stiffness with
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. : : . - FIGURE 3 Calibration curves of the
g - | I o prediction hypertension nomogram in the
‘,/ cohort
.v"/

- e
s °
<]
o
o
a8 <
= O 7]
o
(0]
ome
2
[T )
S o7
=
T
[
(0]
o
&5 o
8 o
e < Apparent
S —— Bias—-corrected
© R
2 _ Ideal

S

o | .

o .7

| | | | | | |
0.0 01 0.2 0.3 0.4 0.5 0.6
Nomogram-predicted probability of hypertension
FIGURE 4 Decision curve analysis
—— Hypertension prediction nomogram for the prediction hypertension

oo All nomogram

o —— None

o

o
=
()
C
[
m W
8 S ]
L o

o

o

o

1o}

o _J

N

| | | | | |
0.0 0.2 0.4 0.6 0.8 1.0
Threshold probability
aging.?”?® Similarly, studies from patients with SLE and RA showed associated with age and renal involvement.?%%° In addition, SLE pa-
that the prevalence of hypertension in patients was higher than in tients with hypertension were significantly older than those with-

the general population, and the development of hypertension was out hypertension (median age 58.5 years vs. 46.0 years; P < .001).%°
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Metabolic syndrome is a cluster of classical cardiovascular risk fac-
tors characterized by hypertension, diabetes mellitus, dyslipidemia,
central obesity and so on, and its presence is a strong predictor for
cardiovascular diseases.®* A cross-sectional study on adult derma-
tomyositis found that the prevalence of metabolic syndrome was
higher than healthy controls (41.7% vs. 7.0%; P < .001), and prior hy-
pertension may be closely related to the development of metabolic
syndrome.32 Diabetes mellitus, higher levels of TG, and LDL-C are
common in lIMs patients with hypertension, which are in accordance
with the characteristics of hypertensive subjects with connective tis-
sue diseases in previous study.33 A multicenter study demonstrated
that adult polymyositis and dermatomyositis had a higher prevalence
of diabetes mellitus (13% vs. 0%; P < .007).” Diabetes mellitus signifi-
cantly increases the risk of developing hypertension in patients with
polymyositis and dermatomyositis compared to controls (OR = 2.94,
95%Cl: 2.04-4.23).>%% Insulin resistance is an important pathological
mechanism of patients with diabetes mellitus. The increase in body
fluid volume is closely associated with hyperinsulinemia and hyper-
glycemia caused by insulin resistance, which plays a crucial role in
the development of hypertension.®® In the general population, each
unit increases in fasting blood glucose; the risk of developing hy-
pertension increases by 11.6 to 12.3%.'2 Our previous studies had
reported altered lipid levels in untreated patients with dermatomy-
ositis and polymyositis, and the results indicated that the frequency
of elevated TG, elevated TC, elevated LDL-C, and reduced HDL-C
was 70.7%, 9.6%, 4.8%, and 41.5% in dermatomyositis patients and
47%, 5%, 0%, and 50% in polymyositis patients, respectively.”3
However, the precise relationship between dyslipidemia and hyper-
tension in patients with IIMs remains unknown. Limited evidence
has demonstrated that hypertension and dyslipidemia often co-
exist and interact with each other, and their pathogenesis may be
related to inflammation and insulin resistance.®”*® Inflammation,
mediated through cytokines and acute phase reactants, may be the
driving force of dyslipidemia. And it also results in increased arterial
stiffness, vascular endothelial dysfunction, and increased oxidative
stress, which are closely relevant to hypertension.?’ In addition,
insulin resistance and associated hyperinsulinemia in hypertensive
population are associated with increased TG levels and decreased
HDL-C concentrations.>’ ANA are the hallmark autoantibodies in
autoimmune connective tissue diseases, including IIMs. The studies
have shown that ANA is probably secondary to the vascular damage,
and positive ANA is an important predictor of cardiovascular events
and mortality in patients with rheumatic diseases.*>*! Patients with
essential hypertension are more likely to have positive antibodies
than individuals with normal blood pressure, especially ANA 4042
Patel et al reported that positive ANA was more common in pa-
tients with hypertension than age- and sex-matched normotensive
controls (11% vs 2%, P <.01).*3 However, ANA exerts effects on the
development of hypertension with unknown mechanisms in [IMs
patients. Quite a few studies pointed out that smoking had a higher
risk of developing hypertension than non-current smoking, but the

results of present study were not consistent with these studies.t44

The reasons may be related to the following two aspects. On the one
hand, patients with [IMs are more common in women, and women
are less likely to smoke. On the other hand, estrogens are generally
considered to have a protective effect on cardiovascular risk fac-
tors like hypertension, which may reduce the effect of smoking on
hypertension.®” The mean age of IIMs patients in the current study
is 48 + 14 years, indicating that most patients are premenopausal.
Estrogens have immunomodulatory function, and it is often associ-
ated with the strong female gender bias related to autoimmune dis-
eases like SLE.*® Furthermore, women have lower arterial pressure
than age-matched men prior to menopause.*® In this retrospective
cohort study, 40 of 245 female (16.3%) patients with [IMs develop
hypertension, and 14 of 117 male (12.0%) patients with [IMs develop
hypertension. Although patients with 1IMs occur mostly in females,
gender has no significant difference among [IMs patients with and
without hypertension (P = .442), which is consistent with the study
by Souza et al® Notably, although the baseline of SBP has differences
in [IMs patients, the present study finds no statistical significance
among “systolic BP (per 10 mmHg)” in the multivariable regression
model (P = .203), which is not in line with the results of the previous
studies.’®*3 It may be related to the type of the current study and
the relatively small sample size. This study is essentially a retrospec-
tive study that is hard to get causal relationship. Thus, we should
further increase the sample size to explore the relationship between
SBP and hypertension in prospective study. In addition, it is worth
mentioning that little is known regarding the relationship between
clinical manifestations and the development of hypertension in [IMs
patients. Recent studies suggest that corticosteroids and nonsteroid
immunomodulators (methotrexate, cyclophosphamide, azathio-
prine, etc) may reduce the risk of arterial events in 1IMs, SLE and RA,
possibly by lowering disease activity and inflammation.*’” The above
findings are also helpful to explain this prediction model.

However, our current study also has some limitations that de-
serve a mention. Firstly, this study is a retrospective study, which
may lead to the incompleteness of the data. Therefore, our findings
will require confirmation in prospective studies. Secondly, the sam-
ple size can be regarded as relatively small. Nonetheless, as far as
we know, this is the largest prediction model concentrated on hy-
pertension in connective tissue diseases. In addition, there is a lack
of external validation of this model. Further studies are needed to
test the current results and quantify the underlying mechanisms of
hypertension in [IMs patients.

In conclusion, patients with 1IMs have a high incidence of hyper-
tension; we developed a relatively accurate and reliable nomogram
in predicting hypertension in [IMs patients, which is beneficial to

both clinicians and patients.
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