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The Influence of the Socioeconomic Status
and the Density of the Population on the
Outcome After Peripheral Artery Disease

Jorge Vilarino-Rico," Xian Farina-Casanova,” Eva Lucia Martinez-Gallego,”
Ignacio Hernandez-Lahoz,” Francisco Rielo-Arias,” Sonia Pértega,4 José Manuel Encisa,”
José Maria Garcia-Colodro,” and Jorge Fernandez-Noya,' A Coruna, Vigo and Lugo, Spain

Background: Low socioeconomic status (SES) and living in a rural environment are associated
with poorer health and a higher number of amputations among the population at large. The pur-
pose of this study is to determine the influence of low SES and of the degree of urbanization on
the short-term and long-term results of patients after revascularization for peripheral artery
disease.

Methods: An observational retrospective follow-up study of 770 patients operated on for
peripheral artery disease at three university centers in north-western Spain from January
2015 to December 2016. The events studied were Rutherford classification of severity
upon admission, direct amputation, amputations in the follow-up period, new revascular-
ization procedures, major adverse cardiovascular events (MACE), and overall mortality.
Mean personal income and income of the household associated with the street in which
each patient lived and the degree of urbanization in three areas as per Eurostat
criteria: densely populated areas, intermediate density areas, and thinly populated
areas. Comorbidity, surgical, and follow-up variables were also collected. Descriptive
analysis and Cox regression were used. Approval was obtained from the regional ethics
committee.

Results: Median follow-up was 47.5 months. MACE occurred in 21.5% of the series and overall
mortality was 47.0%. Living in a thinly populated area is associated with a lower risk of MACE
(adjusted subhazard ratio = 0.60; 95% confidence interval [CI]: 0.39—0.91). Overall survival is
lower in intermediate density area patients (adjusted Hazard Ratio = 1.46; 95% CI: 1.07—2.00).
The third quartile of mean personal and household income is associated with a higher risk of ma-
jor amputation at follow-up (adjusted Odds Ratio 1.92, 95% CI: 1.05—3.52 and adjusted Odds
Ratio 1.93, 95% CI: 1.0.3—3.61, respectively).

Conclusions: Patients who live in a densely populated area run a higher risk of MACE.
SES is neither associated with worse outcomes after surgery nor with MACE in long-term
follow-up.
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INTRODUCTION

Low socioeconomic status (SES) is associated with
poorer health,'” higher cardiovascular risk,” and
shorter life expectancy.® As regards, peripheral ar-
tery disease (PAD), higher amputation rates,” ’
and an increase in major adverse limb events after
infrainguinal surgery have been reported in more
disadvantaged sectors of the population.” Indeed,
some authors consider primary amputations
(without attempted revascularization) as a marker
of poor quality, of difficulties in accessing the health
system, and even of bias in healthcare by their doc-
tors.”'? Patients with PAD, moreover, run a higher
risk of long-term mortality than the general popula-
tion because of the systemic nature of arterioscle-
rosis. Major adverse cardiovascular events (MACE)
determine the long-term prognosis in this cohort
and include myocardial infarction, stroke, and car-
diovascular death."’

Although the definition of low SES may vary
among authors and cultures, there are four common
components: income level, educational attainment,
employment status, and environmental factors such
as type of neighborhood.'” The Spanish National
Institute of Statistics recently published a Household
Income Distribution Map, a project that details
mean personal and household income of every dis-
trict in Spain.'’ This information on a district’s na-
ture is complemented with degree of urbanization
(DEGURBA) classification, which was designed by
the European Statistical Office (Eurostat).'* There
are no studies on the influence of both tools on
the prognosis of patients with PAD in Spain.

The objective of this study is to determine the in-
fluence of a neighborhoods’ income and its
DEGURBA on the MACE rate and on mortality in
the long-term follow-up of patients admitted for
the first time for PAD at three university centers in
northwest Spain. Other outcomes, such as Ruther-
ford classification, direct amputation, new revascu-
larization procedures, and amputation at follow-up
were also examined.

PATIENT POPULATION AND
METHODS

Data were collected prospectively on patients oper-
ated on for PAD at three university hospitals in
northwest Spain from January 2015 to December
2016. Follow-up continued until January 2020.
All patients who underwent lower limb revascular-
ization or major amputation were included. Cases
with revascularization leading to amputation in
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the same hospital admission and those patients pre-
viously operated on for PAD in the same leg were
excluded. This exclusion ensured a correct compar-
ison among groups and avoided potential biases (pa-
tients incorrectly selected for revascularization or
early amputations on account of technical errors).
Cases with acute ischemia were likewise excluded.
The study was approved by the A Coruna-Ferrol
clinical research ethics committee (code 2020/144).

Data were collected on mean personal income
and the mean family income associated with the
street in which each patient lived at the time of hos-
pital admission. This information was obtained from
the Household Income Distribution Map, published
by the Spanish National Institute of Statistics in
conjunction with the Spanish Tax Office and the
regional tax authorities. The Household Income Dis-
tribution Map offers data on more than 99.8% of the
resident population of Spain.'” Income was distrib-
uted in quartiles, the first of which corresponded
to the lowest income and the fourth to the highest.

Patients” municipalities of residence were identi-
fied to determine the DEGURBA. The Instituto
Galego de Estatistica, following Eurostat’s (refer-
ence) DEGURBA criterion, classified municipalities
into three groups: densely populated areas (DPAs),
intermediate density areas (IDAs), and thinly popu-
lated areas (TPAs).'” DPAs are areas with more than
50,000 inhabitants or in which more than 50% of
the population live. IDAs are towns and suburbs
with more than 5,000 inhabitants or in which less
than 50% of the population live in DPA or less
than 50% live in TPA. TPAs are rural environments.

Variables were collected on comorbidity, surgical,
and follow-up and on patients’ gender and age. The
following were collected as comorbidity variables:
hypertension, dyslipidemia, diabetes mellitus,
active smoking, coronary artery disease (history of
ischemic angina, myocardial infarction, or coronary
revascularization), chronic renal failure, dialysis,
and chronic obstructive pulmonary disease.

The surgical variables were previous revasculari-
zation in the contralateral leg, Rutherford classifica-
tion upon admission, direct amputations and level
of amputation, revascularization type (open or
endovascular), and treated sector (aortoiliac, femo-
ropopliteal, or distal). Cases of hybrid surgery or
treatment in multiple sectors were recorded as
open surgery and proximal sector.

Follow-up variables were medical treatment
with antiplatelet agents and statins, fitting of pa-
tient prostheses, new revascularization procedures,
and major amputations that occurred during
follow-up.
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Studied Events

The events studied were mortality or the presence of
MACE in the long-term follow-up of this cohort.
The term MACE has been defined previously as an
event that encompasses acute myocardial infarction
and/or stroke and/or cardiovascular death (fatal
stroke, fatal acute myocardial infarction, fatal
congestive heart failure, sudden cardiac death, and
death due to ruptured aortic aneurysm).'' Arterial
disease severity (Rutherford classification), direct
amputation in the same hospital admission, major
amputations during follow-up, and new revascular-
ization procedures were also studied.

Statistical Analysis

Continuous  variables were expressed as
mean * standard deviation. Qualitative variables
were expressed as frequencies and percentages.

A univariate analysis was performed comparing
patients’ basal characteristics, surgical variables,
and events in the follow-up as per (i) the
DEGURBA, (ii) quartiles of income per person, and
(iii) quartiles of household income. Mean compari-
sons were evaluated with the Kruskall—Wallis test,
after normality testing using the Kolmogorov—
Smirnov test. The association between qualitative
variables was tested with the chi-squared test.

Overall survival after surgery was analyzed using
Kaplan—Meier curves and bivariate log-rank tests.
In turn, the cumulative incidence of MACE in the
follow-up was estimated considering death as a
competing risk, using the method proposed by Kalb-
fleisch and Prentice.'® MACE cumulative incidence
was compared across different groups of patients us-
ing Gray’s test.'’

Finally, to analyze the independent association of
DEGURBA and levels of income with the outcomes
studied, a multivariate analysis was performed. For
dichotomous outcomes, a multivariate logistic
regression analysis was performed. In turn, a multi-
variate Cox proportional hazards model and the
model proposed by Fine and Gray'® were adjusted
when overall survival and MACE incidence were
considered as the outcome, respectively. In all cases,
multivariate models were adjusted for predefined
cofounders (age, gender, smoking, diabetes,
ischemic heart disease, hypertension, dislipemia,
chronic kidney disease, and hospital center).

Statistical analysis was performed with SPSS
version 25.0 (IBM Corp., Armonk, New York) and
R 4.0.3 (www.r-project.com), with the survival
and cmprsk packages added. Bilateral P values
< 0.05 were considered as statistically significant.

The influence of the socioeconomic status on peripheral artery disease 3

RESULTS

Seven hundred seventy patients were included
during the study period. Average age at the time
of surgery was 70.6 = 11.9 years, 76% of
whom were male. Mean personal income was
11,133.4 + 2,380.6 euros and mean household in-
come was 27,704.6 + 6,457.9 euros. 50.6% of the
patients lived in DPA, 29.3% in TPA, and 20.1%
in IDA. TPA patients had a mean personal income
(P < 0.001) and household income (P < 0.001)
significantly lower than IDA or DPA patients.

82.4% of patients were Rutherford classification
stage 4—6, with direct amputation performed in
145 (18.9%) subjects. Patient characteristics in rela-
tion to the variables of comorbidity, surgery, and
follow-up by population density are shown in
Table I. These same characteristics by personal in-
come and average household income are shown in
Tables II and III, respectively.

No differences were observed in the distribution
by age and by gender of patients according either
to the population density of their area of origin or
to income bracket. Nor were they observed in terms
of the frequency of most comorbidities considered,
although a significantly higher incidence of dyslipi-
demia was observed in patients with a higher per-
sonal income (57.0% in the first quartile, 58.9%
in the second, 66.8% in the third, and 69.8% in
the fourth; P = 0.024). Likewise, a higher incidence
of hypertension was observed as the income quartile
per household increased (66.3% in the first quartile,
70.8% in the second, 74.6% in the third, and 77.1%
in the fourth), although the differences were not
statistically significant (P = 0.096). In turn, a signif-
icantly higher percentage of patients with Ruther-
ford classification < stage 3 were observed in the
IDA (29.2%) than in DPA and TPA (14.7%)
(P < 0.001) and among patients in the highest esti-
mated personal income bracket (13.5% in the first
quartile, 16.1% in the second, 16.6% in the third,
and 24.0% in the fourth; P = 0.045). No differences
were detected in terms of surgical variables, either
by population density or by income level. Finally,
regarding treatment prescribed after surgery, a
higher prescription of statins was observed in the
DPA (83.0%) than in the IDA (80.5%) and the
TPA (74.1%) (P = 0.031).

After adjustments for age, gender, smoking,
comorbidities, and hospital center, in a multivariate
analysis, IDAs were significantly associated with
milder stages of PAD, as per Rutherford classification
(adjusted odds ratio [aOR] = 0.44; 95% confidence
interval [CI]: 0.27—0.72). This same tendency is
observed in patients with personal income in the
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Table 1. Patients’ characteristics based on population density

Variable Total DPA IDA TPA P value
Demographic characteristics
Age (years) mean + SD* 70.6 £ 11.9 70.6 £ 11.8 69.0 £ 11.7 71.6 £ 12.1 0.108
Gender 0.529
Male 583 (76.0%) 300 (77.3%) 112 (72.7%) 171 (76.0%)
Female 184 (24.0%) 88 (22.7%) 42 (27.3%) 54 (24.0%)
Comorbidity
Hypertension 553 (72.1%) 281 (72.4%) 114 (74.0%) 158 (70.2%) 0.705
Smoking 0.592
No 298 (38.9%) 149 (38.4%) 60 (39.0%) 9 (39.7%)
Smoker 216 (28.2%) 119 (30.7%) 41 (26.6%) 6 (25.0%)
Ex-smoker 252 (32.9%) 120 (30.9%) 53 (34.4%) 9 (35.3%)
Diabetes 455 (59.3%) 237 (61.1%) 84 (54.5%) 134 (59.6%) 0.375
Heart disease 269 (35.1%) 152 (39.2%) 49 (31.8%) 8 (30.2%) 0.052
Dyslipidemia 484 (63.1%) 254 (65.5%) 102 (66.2%) 128 (56.9%) 0.070
Chronic Kidney Disease 130 (16.9%) 1 (18.3%) 19 (12.3%) 0 (17.8%) 0.230
Dialysis 8 (5.0%) 0 (5.2%) 7 (4.5%) 1 (4.9%) 0.954
COPD 107 (14.0%) 6 (14.4%) 15 (9.7%) 6 (16.1%) 0.203
Surgical variables
Contralateral surgery 0.908
No 639 (86.3%) 321 (82.7%) 129 (83.8%) 189 (84.0%)
Revascularization 119 (15.5%) 62 (16.0%) 24 (15.7%) 33 (14.7%)
Major amputation 9 (1.2%) 5 (1.3%) 1 (0.6%) 3 (1.3%)
Rutherford classification <0.001
Rutherford < 3 135 (17.6%) 7 (14.7%) 45 (29.2%) 33 (14.7%)
Rutherford > 4 632 (82.4%) 331 (85.3%) 109 (70.8%) 192 (85.3%)
Direct amputation 145 (18.9%) 73 (18.8%) 27 (15.7%) 45 (20.0%) 0.832
Level of amputation 0.827
Above-knee 106 (73.1%) 55 (75.3%) 9 (70.4%) 32 (71.1%)
Below-knee 39 (26.9%) 18 (24.7%) 8 (29.6%) 13 (28.9%)
Revascularization type 0.111
Open 301 (48.5%) 148 (47.1%) 2 (56.7%) 81 (45.3%)
Endovascular 319 (51.5%) 166 (52.9%) 55 (43.3%) 98 (54.7%)
Revascularization region 0.358
Aortoiliac 161 (26.9%) 80 (26.4%) 39 (32.2%) 2 (24.0%)
Sup femoral - 1/2 pop 265 (44.2%) 130 (42.9%) 55 (45.5%) 80 (45.7%)
Distal 173 (28.9%) 93 (30.7%) 27 (22.3%) 3 (30.3%)
Monitoring
Antiplatelet agents 722 (95.8%) 366 (96.1%) 148 (96.1%) 208 (95.0%) 0.794
Statins 04 (79.9%) 317 (83.0%) 124 (80.5%) 163 (74.1%) 0.031
Prosthetic fitting 2 (17.7%) 14 (21.9%) 4 (19.0%) 4 (10.3%) —
New revascularization 136 (21.9%) 77 (24.4%) 23 (18.1%) 36 (20.1%) 0.273
Major amputation 105 (17.2%) 61 (19.9%) 19 (15.1%) 25 (14.0%) 0.197

SD, standard deviation; DPA, densely populated areas; IDA, intermediate density areas; TPA, thinly populated areas; COPD, chronic

obstructive pulmonary disease.

highest quartile (aOR = 0.50; 95% CI: 0.28—0.89)
and household income in the second quartile
(aOR = 0.54; 95% CI: 0.30—0.98) (Table IV).
Mean follow-up of the cohort was 39.6 + 22.4
months and its median was 47.5 months. During
this time, 136 (21.9%) patients required new revascu-
larization procedures, followed by amputation in 105
(17.2%) cases. As regards the need for new revascu-
larization procedures, no differences were observed

by population density or among different income
brackets. In contrast, after adjusting for potential con-
founders, a tendency toward higher amputation rates
at follow-up was observed in the third quartile for
both personal income (aOR = 1.92; 95% CI: 1.05—
3.52) and household income (aOR = 1.93; 95% CIL:
1.03—3.61) (Table 1V).

In the cohort studied as a whole, there were 164
(21.5%) MACE during follow-up, with 362 (47.0%)
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Table II. Patients’ characteristics based on personal income

1st quartile 2nd quartile

3rd quartile 4th quartile

Variable (< €9,764) (€9,764.1—€10,584) (€10,584.1—€11,736) (> €11,736) P value
Demographic characteristics
Age (years) mean + SD 70.7 £ 11.2 71.6 £ 12.0 70.5+11.9 69.7 £ 11.3 0.621
Gender
Male 150 (77.7%) 137 (71.4%) 151 (78.2%) 147 (76.6%) 0.370
Female 43 (22.3%) 55 (28.6%) 42 (21.8%) 45 (23.4%)
Comorbidity
Hypertension 136 (70.5%) 135 (70.3%) 140 (72.5%) 145 (75.5%) 0.638
Smoking 0.632
No 7 (40.9%) 81 (42.2%) 7 (34.7%) 2 (37.7%)
Smoker 3 (27.5%) 54 (28.1%) 0 (31.1%) 9 (25.7%)
Ex-smoker 1 (31.6%) 59 (29.7%) 6 (34.2%) 0 (36.6%)
Diabetes 120 (62.2%) 113 (58.9%) 113 (58.9%) 111 (57.8%) 0.826
Heart disease 8 (35.2%) 0 (36.5%) 0 (36.3%) 3 (32.8%) 0.871
Dyslipidemia 110 (57.0%) 113 (58.9%) 129 (66.8%) 134 (69.8%)  0.024
Chronic Kidney Disease 8 (14.5%) 1(16.1%) 5 (18.1%) 7 (19.3%) 0.609
Dialysis 8 (4.2%) 8 (4.2%) 5 (7.8%) 8 (4.2%) 0.272
COPD 33 (17.2%) 31 (16.1%) 1 (10.9%) 22 (11.5%)  0.174
Surgical variables
Contralateral surgery 0.863
No 157 (81.3%) 160 (83.3%) 162 (83.9%) 162 (84.4%)
Revascularization 32 (16.6%) 29 (15.1%) 39 (15.5%) 29 (15.1%)
Major amputation 4(2.1%) 3 (1.6%) 1 (0.5%) 1 (0.5%)
Rutherford classification
Rutherford < 3 26 (13.5%) 31 (16.1%) 32 (16.6%) 46 (24.0%) 0.045
Rutherford > 4 167 (86.5%) 161 (83.9%) 161 (83.4%) 146 (76.0%)
Direct amputation 38 (19.7%) 39 (20.3%) 39 (20.2%) 29 (15.1%)  0.503
Level of amputation
Above-knee 28 (73.7%) 28 (71.8%) 30 (76.9%) 20 (69.0%)  0.900
Below-knee 10 (26.3%) 1 (28.2%) 9 (23.1%) 9 (31.0%)
Revascularization type
Open 75 (49.0%) 73 (47.7%) 70 (45.5%) 85 (52.1%)  0.658
Endovascular 78 (51.0%) 80 (52.3%) 84 (54.5%) 78 (47.9%)
Revascularization region 0.893
Aortoiliac 38 (25.2%) 1 (48.1%) 40 (27.2%) 42 (26.6%)
Sup femoral: 1/2 pop 68 (45.0%) 58 (39.7%) 67 (45.2%) 74 (46.8%)
Distal 45 (29.8%) 47 (32.2%) 40 (27.2%) 42 (26.6%)
Monitoring
Antiplatelet agents 177 (93.7%) 179 (96.8%) 182 (95.3%) 187 (97.4%) 0.272
Statins 142 (75.1%) 149 (80.1%) 157 (81.8%) 159 (82.8%) 0.249
Prosthetic fitting 6 (17.6%) 6 (17.6%) 6 (19.4%) 4(16.0%) —
New revascularization 36 (23.2%) 32 (21.1%) 32 (20.8%) 36 (22.1%) 0.953
Major amputation 26 (17.0%) 21 (14.4%) 34 (22.2%) 24 (14.9%) 0.247

SD, standard deviation; COPD, chronic obstructive pulmonary disease.

patient deaths. The cumulative incidence of MACE
and overall mortality at follow-up, by population
density and income bracket, are shown in
Figures 1 and 2. The cumulative incidence of
MACE was 7.5% at 1 year, 13.2% at 2 years,
and rose to 22.2% at 5 years. After adjusting for po-
tential cofounders in the multivariate analysis, the
cumulative incidence of MACE at follow-up was

significantly lower in TPA (adjusted subhazard
ratio = 0.60; 95% CI: 0.39—0.91) compared to
DPA, with no differences as per either personal or
household income levels (Table 1V).

In turn, the probability of overall survival after
surgery was 80.0% at 1 year, 67.7% at 2 years,
and 49.3% at 5 years. After multivariate analysis,
survival was lower in IDA (adjusted hazard ratio
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Table III. Patients’ characteristics based on household income

Ist quartile

2nd quartile

3rd quartile 4th quartile

Variable (< €23,796) (€23,796.1—€26,351)  (€26,351.1—€29,817) (> €29,817) P value
Demographic characteristics
Age (years) mean + SD 70.9 £ 11.9 70.6 £ 12.4 69.6 £ 12.3 71.4 + 10.8 0.504
Gender
Male 149 (72.2%) 144 (75.0%) 150 (77.7%) 142 (74.0%)  0.799
Female 44 (22.8%) 48 (25.0%) 43 (22.3%) 50 (26.0%)
Comorbidity
Hypertension 128 (66.3%) 136 (70.8%) 144 (74.6%) 148 (77.1%)  0.096
Smoking 0.879
No 7 (30.9%) 0 (36.5%) 4 (38.5%) 8 (40.6%)
Smoker 9 (30.6%) 5 (28.6%) 3 (27.6%) 9 (25.5%)
Ex-smoker 7 (29.5%) 7 (34.9%) 5 (33.9%) 5 (33.9%)
Diabetes 116 (60.1%) 113 (58.9%) 116 (60.1%) 112 (58.3%) 0.979
Heart disease 0 (36.3%) 8 (35.4%) 5 (33.7%) 8 (35.4%) 0.960
Dyslipidemia 117 (60.66%) 114 (59.4%) 128 (66.3%) 127 (66.1%)  0.351
Chronic Kidney Disease 1(16.1%) 5 (18.2%) 3 (17.1%) 2 (16.7%) 0.952
Dialysis 7 (3.6%) 0 (5.2%) 2 (6.2%) 0(5.2%) 0717
COPD 27 (14.1%) 8 (14.6%) 3 (11.9%) 9 (15.1%) 0.815
Surgical variables
Contralateral surgery 0.168
No 152 (78.8%) 164 (85.4%) 167 (86.5%) 158 (82.3%)
Revascularization 37 (19.2%) 26 (13.5%) 24 (12.4%) 33 (17.2%)
Major amputation 4 (2.1%) 2 (1.0%) 2 (1.0%) 1 (0.5%)
Rutherford classification
Rutherford < 3 24 (12.4%) 41 (21.4%) 37 (19.2%) 33 (17.2%) 0.123
Rutherford > 4 169 (87.6%) 151 (78.6%) 156 (80.8%) 159 (82.8%)
Direct amputation 39 (20.2%) 33 (17.2%) 33 (17.1%) 40 (20.8%)  0.691
Level of amputation
Above-knee 27 (69.2%) 26 (78.8%) 20 (60.66%) 33 (82.5%) 0.154
Below-knee 2 (30.8%) 7 (21.2%) 13 (39.4%) 7 (17.5%)
Revascularization type
Open 76 (49.7%) 79 (50.0%) 72 (45.0%) 76 (50.0%) 0.767
Endovascular 7 (50.3%) 79 (50.0%) 88 (55.0%) 6 (50.0%)
Revascularization region
Aortoiliac 33 (22.3%) 54 (36.0%) 39 (24.8%) 5(23.8%) 0.054
Sup femoral: 1/2 pop 70 (47.3%) 58 (38.7%) 78 (49.7%) 1 (41.5%)
Distal 45 (30.4%) 38 (25.3%) 40 (25.5%) 1 (34.7%)
Monitoring
Antiplatelet agents 177 (93.7%) 178 (95.7%) 184 (96.8%) 186 (96.9%) 0.359
Statins 144 (76.2%) 147 (78.2%) 152 (80.0%) 164(85 4%)  0.132
Prosthetic fitting 4 (10.8%) 8 (33.3%) 4 (14.3%) 6 (17.1%)
New revascularization 28 (18.2%) 35 (22.0%) 42 (26.4%) 1(20.4%) 0.341
Major amputation 21 (13.9%) 21 (13.4%) 34 (21.7%) 9 (19.6%) 0.135
SD, standard deviation; COPD, chronic obstructive pulmonary disease.
[aHR] = 1.46; 95% CI: 1.07—2.00) than in DPAand DISCUSSION

a similar trend was observed in TPA (aHR = 1.25;
95% CI = 0.98—1.59), albeit not statistically signifi-
cant. No differences in overall survival by income
level were observed, except in the second quartile
of household income, where survival was signifi-
cantly lower (aHR = 1.39; 95% CI = 1.04—1.86)
(Table 1V).

This multicenter retrospective study examined the
influence of SES (using personal and household in-
come as proxies) and the degree of neighborhood
urbanization on short-term and long-term events
in 770 postoperative PAD patients. There are three
main findings: low SES is not associated with worse



Table IV. Association of population density, personal income, and household income with the considered outcomes. Results of multivariate analysis

Factor

Outcome

Rutherford > 4

Direct amputation

New revascularization

procedures

Amputation in the
follow-up

MACE cumulative

incidence Overall survival

aOR
P value (95% CI)

P value (95% CI)

aOR

aOR

P value (95% CI)

aOR
P value (95% CI)

aSHR
P value (95%CI)

aSHR
P value (95% CI)

Population
density
DPA
IDA
TPA
Personal income
First quartile
Second quartile
Third quartile
Fourth quartile
Household
income
First quartile
Second quartile
Third quartile
Fourth quartile

0.003

1
0.001
0.815
0.085

1
0.490
0.573
0.019
0.249

1
0.043
0.217
0.311

0.290

0.44 (0.27—0.72) 0.377
0.94 (0.57—1.56) 0.131

0.667

0.81 (0.44—1.48) 0.837
0.84 (0.46—1.54) 0.385
0.50 (0.28—0.89) 0.735

0.961

0.54 (0.30—0.98) 0.631
0.68 (0.37—1.25) 0.761
0.68 (0.37—1.25) 0.956

0.519

1

1.30 (0.73—2.32) 0.347

1.44 (0.90—2.32) 0.372
0.981

1

1.06 (0.62—1.82) 0.787

1.27 (0.74—2.19) 0.813

0.90 (0.50—1.62) 0.941
0.360

1

0.87 (0.50—1.52) 0.367
0.92 (0.53—1.59) 0.084
0.98 (0.57—1.69) 0.573

1
0.76 (0.43—1.34)
0.81 (0.51—1.28)

1
0.93 (0.54—1.60)
0.93 (0.54—1.63)
1.02 (0.59—1.78)

1
1.29 (0.74—2.27)
1.63 (0.94—2.83)
1.18 (0.66—2.10)

0.138

1
0.481
0.112
0.066

1
0.700
0.035
0.582
0.069

1
0.928
0.039
0.139

1.26 (0.66—2.40) 0.160
0.65 (0.38—1.10) 0.017

0.88 (0.46—1.68) 0.740
1.92 (1.05—3.52) 0.200
1.20 (0.62—2.31) 0.640

0.97 (0.50—1.90) 0.960
1.93 (1.03—3.61) 0.270
1.62 (0.85—3.06) 0.170

- 1 - 1
1.40 (0.88—2.24) 0.018 1.46 (1.07—2)
0.60 (0.39—0.91) 0.071 1.25 (0.98—1.59)

- 1 - 1
0.93 (0.60—1.43) 0.231 1.19 (0—89—1.59)
1.32 (0.86—2.00) 0.061 1.13 (0.99—1.77)
1.11 (0.72—1.71) 0.571 0.91 (0.66—1.25)

- 1 - 1
1.01 (0.64—1.61) 0.026 1.39 (1.04—1.86)
1.29 (0.82—2.01) 0.462 1.12 (0.83—1.51)
1.36 (0.88—2.09) 0.827 1.03 (0.76—1.40)

Bolded P value < 0.05 is statically significant.

aOR, adjusted odds ratio; aSHR, adjusted subhazard ratio; DPA, densely populated areas; IDA, intermediate density areas; TPA, thinly populated areas.
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Fig. 1. MACE cumulative incidence in follow-up after
surgery, by population density and estimated personal
and household income levels.

results after surgery or higher mortality in follow-
up, patients who live in a TPA have a lower risk of
MACE in long-term follow-up (aSHR = 0.60; 95%
CI: 0.39—0.91), and patients who live in an IDA
are associated with lower overall survival
(aHR = 1.46; 95% CI: 1.07—2.00).
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Fig. 2. Overall survival after surgery, by population den-
sity and estimated personal and household income levels.

In this sample, patients in both the fourth quartile
of personal income and in the second quartile of
household income manifest milder stages of PAD
(Rutherford > 4 aOR 0.50, 95% CI: 0.28—0.89 and
aOR 0.54, 95% CI: 0.3—0.98, respectively). Howev-
er, worse results after surgery or a higher number of
MACE or lower overall survival were not found in
neighborhoods with lower personal or household
income. In fact, patients in the third quartile of
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personal and household income had a higher risk of
major amputation at follow-up (aOR 1.92, 95% CI:
1.05—3.52 and aOR 1.93, 95% CI: 1.0.3—3.61,
respectively). In the sample studied, there is there-
fore no socioeconomic gradient associated with
adverse events.

Davie-Smith et al.,” in a study of amputations
made in Scotland, did not find any association be-
tween low SES and mortality after surgery. Most
of the literature reviewed nevertheless describes
this phenomenon. Hence, Stringhini et al.,* in a
meta-analysis of more than 48 prospective studies
with 1.7 million patients, concluded that low SES
was associated with overall mortality and was
responsible for 1 to 2 years of life lost from the
ages of 40 to 85 years. In the United States,
the Atherosclerosis Risk in Community study
showed that living in deprived neighborhoods was
associated with coronary heart disease, even
after adjusting for personal income, educational
achievement, and employment status.'” Some Eu-
ropean groups have pointed to an increased risk of
cardiovascular disease and major amputations in
the most disadvantaged sectors of society.””*" This
new risk factor, social rank, is defined as a depriva-
tion of material resources that limits the choice of
healthier lifestyles.?’

There are several factors that may explain our
findings. First, one of the strengths of this study is
that we included data on the sector in question,
the revascularization type, and new revasculariza-
tion procedures during follow-up, thus enabling us
to compare groups more precisely. Hughes et al.
only distinguish between open and endovascular;**
Hawkins et al.” did not include endovascular pro-
cedures in their study; and in the Venermo et al.,®
there is no variable on revascularization. Second,
there is a higher incidence of dyslipidemia in the
quartiles with the highest personal income (68.9%
in the fourth quartile compared to 57% in the first,
P =0.024) and of hypertension in the quartiles with
the highest household income (albeit not statisti-
cally significant), which would increase cardiovas-
cular risk. Unlike other authors,”'®*” we found no
differences in the prevalence of smoking or diabetes
among groups. Third, in Spain the health system is
public, free, and universal. There are therefore not
the problems of access or health insurance cover
that are common in the United States. Fourth, the
demographic and ethnic characteristics of our popu-
lation are very similar. Several studies have shown
the amplifying effect of race/ethnicity on health
inequality and amputation rates among African
Americans and Hispanics have been established as
double those among the Caucasian population.**™
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“° Fifth, many studies use postcode as a proxy for in-

come.”*?? In our case, the Household Income Dis-
tribution Map'’ details the income of each street
and allows for a more precise analysis. Sixth, the
mean age of the sample is 70.6 years, which is signif-
icantly higher than in other publications.”**” Sub-
jects are therefore retired and Spain is one of the
countries in Europe with the highest net pension
retirement rates.”®

PAD is a known prognostic factor for short-term
and medium-term cardiovascular events. In the
Reduction of Atherothrombosis for Continued
Health registry,”” the MACE rate for patients with
PAD was 21.1% per year. In our series, 12 months
after discharge from hospital, it was 7.5%. The low
event rates in this cohort can be explained by the
higher percentage of patients with antiplatelet
agents (95.8%) and statins (79.9%) than in the
Reduction of Atherothrombosis for Continued
Health registry (78.6% and 69.3%, respectively).

We found no differences among MACE in follow-
up either by personal or household income. As for
PAD, evidence is scarcer, although low SES has
been linked as an independent factor of MACE
12 months after coronary angioplasty and with a
higher rate of hospital readmissions.’”’" This has
been attributed to differences in the prescription of
statins and other drugs such as beta-blockers and
angiotensin-converting enzyme inhibitors.”*”’ In
our sample, there is uniform distribution of anti-
platelet agents and statins in the four quartiles of
personal and household income.

As for the higher number of MACE in the DPA
(Fig. 1), some authors attribute it to environmental
factors such as the lower number of open spaces in
which to walk, the high prices of healthy foods in
cities, or less social cohesion.’**> Others have
expressed exactly the opposite and described worse
overall health in rural populations due to (economic
and geographical) barriers to using the health sys-
tem and an aging population, especially in the
United States.”®’’ In our case, although we
observed no differences in the demographic charac-
teristics of the different population areas, we did
observe more widespread ischemic heart disease
and dyslipidemia (P = 0.052 and P = 0.07) in the
DPA, which would explain the increased risk of
MACE in this group.

Overall survival is lower among patients who live
inIDA (aHR = 1.46) (Fig. 2). Itis hard to find a plau-
sible explanation for this difference. IDA patients
who underwent surgery had lower Rutherford clas-
sifications (29.2% with Rutherford < 3 compared to
14.7% in DPA and TPA) (P = 0.031) and have
higher incomes than TPA patients (P < 0.001).
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One hypothesis is that the sample size is small, as
IDA only account for 20.1% of the cohort studied.
Another explanation may be that the studies only
differentiate between rural and urban areas and
include IDA in one of these two groups. This author
has not found examples in the literature of the rela-
tionship between long-term outcomes after PAD
and living in IDA.

This study has some limitations. Using neighbor-
hood personal income as an indicator of SES meant
the assumption that residents in the same street
have similar incomes. We think this is a normal
practice but it could be wrong in some cases. House-
hold income was not adjusted by the number of
household members, although it has been shown
that this does not influence health inequality.””**
Neither were patients from private centers included,
although the number of complex arterial patients
not treated in the public system is minimal.
Although all patients were included on a database
prospectively, some of the study variables were
collected retrospectively. There were no changes in
risk factors or changes in treatment throughout
follow-up that could alter individual risks.

CONCLUSION

Patients who live in a DPA run a higher risk of
MACE. These patients are not, however, associated
with lower overall survival. SES is neither associated
with worse outcomes after surgery or with MACE in
long-term follow-up. Our findings show a homoge-
neous distribution in the treatment of PAD patients
in the four income quartiles and in the three
geographic distribution areas. In the sample studied,
we did not observe the effect of social rank. Future
studies with populations from other centers and
with a larger number of patients are required to
confirm our results.
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