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ABSTRACT

Background: There is limited information regarding the variation of the cardiovascular
(CV) risk, that combines multiple risk factors in one metric, according to urbanization
and altitude.

Objective: To assess and disentangle the potential association between urbanization
and altitude with absolute CV risk using Peruvian nationally representative surveys.

Methods: Pooled analysis of Peruvian Demographic Health Surveys (from 2014 to
2020), including subjects aged between 40 and 74 years, was conducted. The outcome
of interest was the 10-year predicted absolute CV risk based on the non-laboratory
version of the World Health Organization (WHO) and split into <10% and >10%. The
exposures were urbanization (rural or urban) and altitude (<500 meters above the sea
level [m.a.s.l.], between 500 and 2,499 m.a.s.|, between 2,500 and 3,499 m.a.s.l., and
23,500 m.a.s.l.). Crude and adjusted Poisson regression models were built to assess
the associations of interest, reporting prevalence ratios (PR) and 95% confidence
intervals (95% CI).

Results: Data of 80,409 subjects, mean age 54.3 (SD: 8.8) and 42,640 (54.4%) females
were analyzed. Regarding urbanization, 30,722 (25.4%) subjects were from rural areas,
and 60.6% lives at <500 m.a.s.l., whereas only 9.3% lives at 23500 m.a.s.l. The 10-year
predicted absolute CV risk mean was 4.5% (SD: 3.1), and 7.8% had a CV risk 210%. In
multivariable model, urbanization, mainly rurality (PR = 0.89; 95%CI: 0.81-0.97) and
altitude (PR=0.82; 95%CI: 0.75-0.90 for those living between 2,500-3,490 m.a.s.l. and
PR =0.68; 95%CI: 0.60-0.76 for those living 23,500 m.a.s.l) were factors independently
associated with CV risk. Urbanization was an effect modifier of the association between
altitude and CV risk with a greater effect in urban settings.

Conclusion: Urbanization, specifically rurality, and high-altitude, mainly >2,500 m.a.s.l.,
were factors independently associated with lower predicted CV risk.
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INTRODUCTION

Globally, the burden of cardiovascular disease (CVD), including angina pectoris, myocardial
infarction, heart failure, and stroke, is a public health concern. In high income countries, the
age-standardized CVD death rate has decreased during the last three decades, whereas it
has not changed in low- and middle-income countries during the same period [1]. However,
over three quarters of heart disease and stroke-related deaths occur in resource-constrained
settings [2].

The distribution of main risk factors for CVD (i.e., hypertension, type 2 diabetes,
hypercholesterolemia, obesity, and smoking) vary widely between global regions, countries
and even within a country [3]. Such differences have been imputed to geographical variation,
specifically, to urbanization, i.e., whether an individual lives in a rural or urban setting [4], and,
altitude, i.e., how far above sea level the subject resides [5]. Thus, for example, in Peru, there
is a clear heterogeneity in the progression towards hypertension depending on urbanization
and altitude [6], whereas abdominal obesity prevalence seems to decrease with altitude [7],
but high altitude has been associated with greater type 2 diabetes incidence [8]. On the other
hand, urbanization, mainly rurality, and not altitude has been associated with dyslipidemia
traits [9].

Previous studies have assessed the role that altitude plays on CVD risk. A study conducted in
the US reported that living at higher altitude (over 1500 meters above the sea level [m.a.s.L])
had a protective effect on ischemic heart disease [10]. Similarly, an ecological study in Austria
reported that moderate altitude (1000-2000 m.a.s.l.) elicited beneficial effect on all cause-
mortality, mainly from circulatory diseases and cancer [11]. In a small study, high altitude was
negatively associated with Framingham 10-year risk score [12]. Nevertheless, there is limited
information regarding the potential variation of the absolute cardiovascular (CV) risk, that
combines multiple risk factors in one metric and guides primary prevention of CVD, according
to altitude, but also including urbanization (i.e., rural vs. urban settings).

For purposes of establishing health priorities, especially in resource-constrained settings,
it is important to understand the local epidemiology of CVD risk including within-country
heterogeneity of noncommunicable conditions profiles and their factors [13]. This information
may provide evidence to establish suitable interventions along with appropriate goals and
targets [14, 15]. Peru is an ideal country to examine the interaction of altitude and residence
with CVD risk. As a result, this manuscript aimed to evaluate the potential association between
urbanizationand altitude with absolute CVrisk using nationally representative surveys conducted
in Peru. In addition, we assess whether altitude is an effect modifier of the association between
altitude and CVD risk. We hypothesized that CVD risk is negatively associated with altitude and
rural residence, and the association between altitude and CVD risk differs by urbanization.

METHODS
STUDY DESIGN

Information from the Peruvian Demographic Health Survey (DHS or ENDES in Spanish) was
used. The survey is annually conducted by the National Institute of Statistics and Informatics
(INEI in Spanish), and collects information on variables including poverty, fertility, violence, and
health. For this analysis, data from the DHS 2014 to 2020 were pooled and analyzed.

STUDY POPULATION AND SELECTION CRITERIA

The Peruvian DHS utilized a bietapic sampling approach. In rural areas, the primary sampling
units comprise clusters of 500 to 2,000 subjects, whereas the secondary sampling units are
households within each of these clusters. However, in urban areas, the approach is a little
different: the primary sampling units are blocks or groups of blocks with more than 2,000
subjects within an average of 140 households, whilst secondary sampling units comprise
households as in rural areas [16].

The sampling process and techniques used are described in the technical documents of the
DHS [17]. The Peruvian DHS is conducted every year; however, the sample frame used for
participants’ selection is updated every three years (i.e., 2012-2014, 2015-2017, 2018-2020).
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The method used for sampling is known as the method of the cube, which allow obtaining
samples with estimates of totals approximately equal to the characteristics of the population
of the survey that replicates the population structure within the selected sample considering
the groups of age, sex and other balance variables.

The present analysis included subjects aged between 40 and 74 years as prediction equations
have been validated in this age range [18], with complete information to estimate the 10-year
cardiovascular risk (i.e., age, sex, current smoking status, and body mass index), as well as
urbanization and altitude information.

DEFINITION OF VARIABLES
Outcome

The outcome of interest was the 10-year predicted absolute CV risk. Since the Peruvian DHS
did not collect blood samples for fasting glucose or total cholesterol, we decided to utilize the
non-laboratory version of the World Health Organization (WHO) 10-year risk of cardiovascular
disease (CVD) [19]. Such risk score used data from the Emerging Risk Factors Collaboration
and recalibrates the predicted risk scores to reflect the expected 10-year risk in contemporary
population in 21 global regions, including sex, age (in years), smoking status and body mass
index (kg/m?). CV risk was estimated utilizing the whocvdrisk command in STATA. For analysis
purposes, the CV risk score was described according to standard thresholds (<5%, between
5% to <10%, between 10% to <20%, and >20%), and then categorized using a cutoff of
10% as usually individuals with such CV risk level or above should receive an evaluation using
laboratory-based charts [18].

Exposure

Two were the exposures in our analysis. The first one was urbanization, with two potential
categories, rural or urban, as defined by INEI criteria. Accordingly, a rural setting is the area
with no more than 100 households contiguously grouped and is not a district capital, or an
area having 2100 households, but these are dispersed or scattered without forming blocks [17];
whereas the remainder settings were considered urban areas for analyses purposes.

The second exposure was altitude above the sea level, which was collected using a Global
Positioning System (GPS) utilized a standardized procedure [20]. Briefly, GPS data (i.e., longitude,
latitude, and altitude) are collected in the household of each participant at one meter apart
from the main door and using the data of at least five satellites to guarantee appropriate
quality. For analyses purposes, and because the emphasis was done in high-altitude settings,
this variable was split into four categories: <500 meters above the sea level (m.a.s.l), between
500 and 2,499 m.a.s.l, between 2,500 and 3,499 m.a.s.l.,, and 23,500 m.a.s.l.

Co-variables

Other variables were used in the analyses as potential confounders. Such variables were: sex
(female vs. male); age (40-49, 50-59, 60-69, and 70+ years); education (<7 years, 7-11 years,
ad 12+ years); wealth index, as a proxy of socioeconomic position, built on household assets
and services available as reported by participants. The wealth index was built for each year
and categorized into quintiles using the approach reported by Rutstein and Johnson [21]; and
survey year.

In addition, for descriptive purposes, we also included current smoking status, defined as the
reporting of the consumption of at least one cigarette in the last 12 months (no vs. yes); alcohol
use, based on the self-report of the consumption of any alcoholic beverage (beer or equivalent)
during the last 30 days (no vs. yes), and hypertension status, defined accordingly to the JNC-7
(i.e., systolic blood pressure 2140 mm Hg, or diastolic blood pressure 290 mm Hg, or previous
hypertension diagnosis done by a physician) [22].

PROCEDURES

All the questionnaires and tools were applied by trained staff using tablets (LENOVO B600F or
B600H) using a special software developed by INEI [20]. In addition, GPS data collection was
also available with the software used.
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Anthropometrical procedures (height, weight and blood pressure) were collected by trained
personnel [23]. Height was measured using a standard stadiometer, whereas weight was
measured utilizing an electronic scale (SECA model 872, 874 and 878). Blood pressure levels
were collected using a digital monitor (OMRON, model HEM-713). Two types of cuffs were
utilized depending on the arm circumference of participants. Blood pressure measurements
were assessed twice with the participant sitting and their right arm resting on a flat surface at
the heart level. The first measurement was taken after a resting period of at least five minutes,
and the second measurement was done two minutes after the first measurement [23].

STATISTICAL ANALYSIS

Statistical analyses were conducted using STATA 16 for Windows (StataCorp, College Station,
TX, USA). All the analyses took into account the multistage complex design of the sample, and
subpopulation (subpop command) analyses were also pursued [24].

Initially, a description of the study population, including a comparison between those included
and not included in the analyses, was conducted. Means and standard deviation (SD) and
absolute and relative frequencies were utilized to describe numerical and categorical variables,
respectively. In addition, the prevalence of variables of interest were reported as well as their
respective 95% confidence intervals (95% CI).

Then, the description of the study population by the exposures (i.e., urbanization and altitude)
and the outcome (i.e., absolute CV risk) was also conducted. Comparisons were carried out
utilizing the Chi-squared test corrected for the survey design with the second-order correction
of Rao and Scott [25].

To assess the associations of interest, crude and adjusted Poisson regression models were
built. Multivariable models were adjusted by age, sex, education, wealth index, and survey
year. In addition, urbanization and altitude were evaluated in the same regression model to
examine if both variables were independently associated with CV risk. Finally, urbanization was
evaluated as potential effect modifier of the association between altitude and CVD risk using
the testparm command in STATA. Prevalence ratios and 95% CI were reported. A p-value <0.05
was considered statistically significant.

RESULTS
CHARACTERISTICS OF THE STUDY POPULATION

Data of 86,206 participants fulfilled the inclusion criteria and were pooled using information
from ENDES 2014 to 2020. Of them, 143 records were excluded because pregnancy and 5,654
records because of lack of data of interest (i.e., there was not information about altitude,
urbanization or variables associated with estimation of the CV risk). Comparison of study
characteristics between individuals included and excluded in the analyses are available in
Online Supplement E-Table 1. As a result, the information of 80,409 subjects, mean age 54.3
(SD: 8.8), 42,640 (54.4%) females, and 18,098 (29.1%) with 12+ years of education, were
further analyzed.

URBANIZATION AND ALTITUDE

A total of 30,722 (25.4%; 95% CI: 24.7% - 26.2%) individuals were from rural areas. Age (p <
0.001), sex (p <0.001), education (p < 0.001), wealth index (p < 0.001), alcohol use (p < 0.001),
hypertension (p < 0.001), and survey year (p < 0.001) were associated with urbanization in
bivariable analyses (Table 1).

Regarding altitude, 60.6% (95% CI: 59.4% - 61.8%) of subjects were living at <500 m.a.s.l,
whereas only 9.3% (95% CI: 8.7% - 10.0%) were living at 23500 m.a.s.l. All the variables, except
survey year, were associated with altitude in bivariable model (Table 2).

ABSOLUTE CARDIOVASCULAR RISK

The average 10-year predicted absolute CV risk was 4.5% (SD: 3.1), with values ranging from
0.5% to 37.4%. In addition, 56,333 (66.5%; 95% CI: 66.0% - 67.1%) had a cardiovascular risk
<5%; 18,885 (25.7%; 95% CI: 25.1% - 26.2%) had a risk between 5% and <10%; 5,012 (7.5%;
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Bernabe-Ortiz and

URBAN RURAL P-VALUE Carrillo-Larco
(N = 49,687) (N =30,722) Global Heart
Age <0.001 DOI: 10.5334/gh.1130
40 - 49 years 22,001 (38.8%) 11,630 (34.5%)
50 - 59 years 14,326 (30.2%) 9,104 (30.6%)
60 - 69 years 10,072 (23.0%) 7,119 (24.8%)
70+ years 3,288 (8.0%) 2,869 (10.1%)
Sex <0.001
Male 22,781 (44.7%) 14,988 (48.0%)
Female 26,906 (55.3%) 15,734 (52.0%)
Education <0.001
<7 years 13,109 (24.5%) 18,211 (70.5%)
7 -11 years 18,742 (39.7%) 6,492 (22.7%)
12+ years 16,166 (35.8%) 1,932 (6.8%)
Wealth index <0.001
First quintile 3,086 (4.2%) 14,731 (49.4%)
Second quintile 4,418 (6.8%) 11,499 (36.0%)
Third quintile 10,599 (19.1%) 2,952 (9.2%)
Fourth quintile 14,512 (31.9%) 1,074 (3.7%)
Fifth quintile 17,072 (38.0%) 466 (1.7%)
Current smoking 0.72
No 42,035 (85.3%) 25,720 (85.5%)
Yes 7,652 (14.7%) 5,002 (14.5%)
Alcohol use <0.001
No 32,500 (65.1%) 23,092 (75.2%)
Yes 17,159 (34.9%) 7,609 (24.8%)
Hypertension <0.001
No 34,536 (66.3%) 23,237 (74.7%)
Yes 15,151 (33.7%) 7,485 (25.3%)
Survey year <0.001
2014 7,043 (11.8%) 4,867 (14.5%)
2015 7,256 (14.8%) 4,170 (15.7%)
2016 7,252 (14.2%) 4,226 (15.1%)
2017 7,366 (15.7%) 4,511 (14.7%) Table 1 Description of
2018 7,864 (16.6%) 4,681 (15.2%) the study population by
2019 7,518 (16.0%) 43877 (14.9%) ?gi’ﬁ\g’fgi;ozcggﬁﬁiﬁl’;
2020 5,388 (10.9%) 3,390 (9.9%)

stage design.

95% CI: 7.2% - 7.9%) had a risk between 10% and <20%; and 179 (0.3%; 95% CI: 0.2% - 0.4%)
had a risk 220%. Age (p < 0.001), sex (p < 0.001), education (p < 0.001), wealth index (p <
0.001), current smoking (p < 0.001), and hypertension (p < 0.001) were factors associated with
an absolute CV risk 210% in bivariable analysis (Table 3).

URBANIZATION, ALTITUDE AND ABSOLUTE CARDIOVASCULAR RISK

After controlling for age, sex, education, wealth index, and survey year, higher altitude was
associated with lower absolute cardiovascular risk (Table 4). Thus, the proportion of subjects
with CV risk 210% was lower among those living between 2,500 - 3,490 m.a.s.l. (PR = 0.81;
95% CI: 0.74 - 0.88) compared to those living <500 m.a.s.l., and such proportion was much
lower among those living at 23,500 m.a.s.l (PR = 0.66; 95% CI: 0.59 - 0.73). Additionally, in
multivariable model, the proportion of subjects with CV risk >10% living in rural area was lower
(PR =0.82; 95% CI: 0.75 - 0.89) compared to those living in urban areas. When urbanization
and altitude were included in the same regression model, both variables were independently
associated with CV risk (Table 4).



ALTITUDE (METERS ABOVE SEA LEVEL) P-VALUE
<500 500 - 2499 2500-3499 23500
(N = 38,188) (N=16,198) (N=15,301) (N=10,722)
Age <0.001
40 - 49 years 16,338 (38.3%) 7,123 (38.8%)  6,245(36.9%) 3,925 (34.0%)
50 - 59 years 11,362 (30.2%) 4,645 (30.4%) 4,316 (30.5%) 3,107 (30.5%)
60 - 69 years 8,001 (23.5%) 3,261 (22.4%)  3,335(22.9%) 2,594 (25.2%)
70+ years 2,487 (8.0%) 1,169 (8.4%) 1,405 (9.7%) 1,096 (10.3%)
Sex <0.001
Male 18,266 (46.0%) 7,844 (47.2%) 6,870 (43.3%) 4,789 (43.7%)
Female 19,922 (54.0%) 8,354 (52.8%) 8,431 (56.7%) 5,933 (56.3%)
Education <0.001
<7 years 11,552 (25.8%) 6,719 (44.4%) 7,461 (52.4%) 5,588 (60.0%)
7-11 years 14,886 (40.6%) 4,630 (30.5%) 3,361 (25.3%) 2,357 (25.9%)
12+ years 10,464 (33.6%) 3,764 (25.1%) 2,643 (22.3%) 1,227 (14.1%)
Wealth index <0.001
First quartile 4,273 (6.3%) 3,684 (22.5%) 5,445 (31.1%) 4,415 (41.0%)
Second quartile 4,496 (7.5%) 3,161 (19.1%) 4,552 (26.3%) 3,708 (30.7%)
Third quartile 7,489 (17.6%) 2,804 (16.8%) 2,075 (14.9%) 1,183 (12.6%)
Fourth quartile 10,069 (30.9%) 3,067 (20.0%) 1,720 (14.9%) 730 (8.0%)
Fifth quartile 11,861 (37.7%) 3,482 (21.6%) 1,509 (12.8%) 686 (7.7%)
Current smoking <0.001
No 31,748 (84.8%) 13,827 (85.5%) 13,138 (87.0%) 9,042 (86.4%)
Yes 6,440 (15.2%) 2,371 (14.5%) 2,163 (13.0%) 1,680 (13.6%)
Alcohol use <0.001
No 24,903 (64.5%) 11,433 (70.6%) 10,917 (71.4%) 8,339 (77.2%)
Yes 13,259 (35.5%) 4,756 (29.4%) 4,379 (28.6%) 2,374 (22.8%)
Hypertension <0.001
No 26,208 (65.4%) 11,664 (69.9%) 11,582 (74.4%) 8,319 (76.4%)
Yes 11,980 (34.6%) 4,534 (30.1%) 3,719 (25.6%) 2,403 (23.6%)
Survey year 0.21
2014 5547 (12.1%) 2,204 (11.9%) 2,301 (13.4%) 1,858 (14.8%)
2015 5,616 (14.8%)  2,345(15.5%) 2,069 (15.0%) 1,396 (15.7%)
2016 5513 (14.2%) 2,455 (15.4%) 2,118 (14.6%) 1,392 (14.6%)
2017 5,610 (15.5%) 2,501 (15.9%) 2,244 (14.6%) 1,522 (15.1%)
2018 5972 (16.4%) 2,476 (15.8%) 2,404 (16.2%) 1,693 (15.9%)
2019 5,751 (16.1%) 2,421 (15.0%) 2,506 (16.0%) 1,717 (14.5%)
2020 4179 (10.9%) 1,796 (10.5%) 1,659 (10.2%) 1,144 (9.4%)

Urbanization was an effect modifier of the association between altitude and CV risk (p < 0.001).
Thus, the protective effect of altitude on CV risk was seen 22500 m.a.s.l among those living in
urban areas, whereas such association was observable only among those living 23500 m.a.s.l.
in rural settings (See Table 5).

DISCUSSION
MAIN RESULTS

Our study reports evidence that both, urbanization, specifically rurality, and altitude, mainly
settings at 22,500 m.a.s.l., had a lower proportion of individuals having a CV risk 210% in
multivariable models. Moreover, the association of urbanization with CV risk was independent
of the effect of altitude, and vice versa. In addition to that, the association between altitude and
CV risk is seen at 22500 m.a.s.l. in urban settings and 23500 m.a.s.l. in rural ones, highlighting
that altitude may be the main factor associated with lower CV risk.
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10-YEAR CARDIOVASCULAR RISK P-VALUE Carrillo-Larco
LOW (<10%) HIGH (210%) Global Heart
(N = 75,218) (N = 5,191) DOI: 10.5334/gh.1130
Age <0.001
40 - 49 years 33,609 (54.5%) 22 (4.2%)
50 - 59 years 23,147 (36.4%) 283 (18.2%)
60 - 69 years 15,240 (9.0%) 1,951 (52.0%)
70+ years 3,222 (0.1%) 2,935 (25.5%)
Sex <0.001
Male 33,902 (43.3%) 3,867 (72.7%)
Female 41,316 (56.7%) 1,324 (27.3%)
Education <0.001
<7 years 28,885 (34.5%) 2,435 (43.6%)
7 -11 years 23,973 (36.2%) 1,261 (30.5%)
12+ years 17,200 (29.3%) 898 (25.9%)
Wealth index <0.001
First quintile 16,668 (15.8%) 1,149 (14.0%)
Second quintile 14,945 (14.4%) 972 (12.4%)
Third quintile 12,794 (16.7%) 757 (15.5%)
Fourth quintile 14,554 (24.6%) 1,032 (25.9%)
Fifth quintile 16,257 (28.5%) 1,281 (32.2%)
Current smoking <0.001
No 64,198 (86.5%) 3,557 (71.8%)
Yes 11,020 (13.5%) 1,634 (28.2%)
Alcohol use 0.20
No 51,977 (67.5%) 3,615 (69.0%)
Yes 23,198 (32.5%) 1,570 (31.0%)
Hypertension <0.001
No 56,686 (72.7%) 1,087 (18.6%)
Yes 18,532 (27.3%) 4,104 (81.4%)
Survey year 0.07
2014 10,981 (12.4%) 929 (13.0%)
2015 10,780 (15.2%) 646 (12.9%)
2016 10,790 (14.5%) 688 (14.1%)
2017 11,057 (15.3%) 820 (16.8%) Table 3 Description of
2018 11,773 (16.2%) 772 (16.6%) the study population
2019 11,616 (15.7%) 779 (16.2%) by cardiovascular risk:
2020 8221(10.7%) 557 (10.4%) Comparison taking into

account multi-stage design.

IMPLICATIONS OF THE FINDINGS

While 50% of the world’s population lives below 150 m.a.s.l, only 6% de the world’s population
lives over 1,500 m.a.s.l. [26, 271, and most of these people are from low- and middle-income
countries (LMIC). Thus, disentangling the potential effect of urbanization and altitude on CV
risk seems to be relevant, especially for resource-constrained settings where the burden of
CV is high and risk-based prevention much needed. As many of the rural areas are at high
altitude, our findings help to better understand the epidemiology of absolute CV risk in these
populations. Thus, our results highlight that rurality and high altitude (22,500 m.a.s.l.) are
negatively and independently associated with high CV risk; however, the potential effect of
high-altitude on CV risk is seen at lower altitude among urban dwellers.

Contrary to the usual paradigm that altitude and rurality are associated with a low prevalence
and incidence of cardiovascular risk factors (i.e., smoking, obesity, hypertension, and type 2
diabetes), current literature suggest that the distribution of these risk factors in rural and high-
altitude settings could have changed. Thus, a recent analysis reported that >55% of the global
rise in BMIL in the last three decades, and 280% in some low- and middle-income regions, was
attributed to increase of BMI in rural areas [28]. This has been also confirmed in Peruvian less



10-YEAR CARDIOVASCULAR RISK

LOW (<10%) HIGH (210%)

CRUDE MODEL

ADJUSTED MODEL*

(N =66,997) (N =4,634)

PR (95% CI)

PR (95% CI)

Urbanization and altitude in different models

Urbanization
Urban 46,386 (91.8%) 3,301 (8.2%) 1 (Reference) 1 (Reference)
Rural 28,832 (93.4%) 1,890 (6.6%) 0.80 (0.74-0.86) 0.82 (0.75-0.89)
Altitude
<500 m.a.s.l. 35,546 (91.5%) 2,642 (8.5%) 1 (Reference) 1 (Reference)

500 - 2,499 m.a.s.l. 1,028 (7.5%)

0.87 (0.79 - 0.97)

0.95(0.87 - 1.03)

2,500 - 3,499 m.a.s.l. 14,382 (93.5%) 919 (6.5%)

0.77 (0.69 - 0.85)

0.81 (0.74 - 0.88)

(
15,170 (92.5%)
(

(

23,500 m.a.s.l. 10,120 (94.4 %) 602 (5.6%)

0.66 (0.59 - 0.74)

0.66 (0.59 - 0.73)

Urbanization and altitude in the same model

Urbanization
Urban 1 (Reference) 1 (Reference)
Rural 0.91 (0.84-0.99) 0.89 (0.81-0.97)
Altitude
<500 m.a.s.l. 1 (Reference) 1 (Reference)

500 - 2,499 m.a.s.l.

0.90 (0.81 -0.99)

0.96 (0.89 - 1.05)

2,500 - 3,499 m.a.s.l.

0.80 (0.72 - 0.88)

0.82 (0.75 - 0.90)

>3,500 m.a.s.l. 0.69 (0.62-0.78) 0.68 (0.60 - 0.76)
10-YEAR CARDIOVASCULAR RISK
LOW (<10%) HIGH (210%) CRUDE MODEL ADJUSTED MODEL*
(N =66,997) (N = 4,634) PR (95% CI) PR (95% CI)
Urban area
Altitude
<500 m.a.s.l. 29,704 (91.3%) 2,293 (8.7%) 1 (Reference) 1 (Reference)

500 - 2,499 m.a.s.l. 8,469 (92.5%)
2,500 - 3,499 m.a.s.l. 5,525 (93.4%)

558 (7.5%)
321 (6.6%)

0.86 (0.75 - 0.97)
0.75 (0.65 - 0.86)

0.93 (0.84 - 1.03)
0.76 (0.67 - 0.86)

>3,500 m.a.s.l. 2,688 (95.4%) 129 (4.6%) 0.53 (0.41-0.67) 0.69 (0.56 - 0.86)
Rural area
Altitude
<500 m.a.s.l. 5,842 (93.8%) 349 (6.2%) 1 (Reference) 1 (Reference)
500 - 2,499 m.a.s.l. 6,701 (92.6%) 470 (7.4%) 1.20(1.01 -1.44) 1.16(0.99 - 1.33)
2,500 - 3,499 m.a.s.l. 8,857 (93.5%) 598 (6.5%) 1.06 (0.89-1.25) 1.02(0.88-1.17)
23,500 m.a.s.l. 7,432 (93.9%) 473 (6.1%) 0.99 (0.83-1.18) 0.76 (0.65 - 0.89)

urbanized settings [29]. Whereas cross-sectional studies have reported low prevalence of risk
factors in rural settings, a longitudinal analysis in Peru reported a higher risk of developing
hypertension in rural areas relative to rural-urban migrant or urban groups [30]. In addition
to that, a dramatic change in lifestyle, whereby unhealthy lifestyles are more common, has
taken place in Peruvian rural and high-altitude populations. Although urbanization is usually
associated to increased consumption of fat, sugar and salt, the results of a study comparing
diet patterns in urban and rural settings in a high-altitude Peruvian region reported mixed
findings with more added salt and oil consumption than urban areas [31]. Despite of this,
according to our findings, subjects with CV risk 210% are still less common in rural and high-
altitude settings in Peru. A potential explanation of these findings may be the duration of the
exposure to these cardiometabolic risk factors; in other words, these rural and high-altitude
populations may have been exposed to these risk factors not long enough to have experienced
the deleterious effects on cardiovascular health.

Beyond traditional risk factors, altitude may also have a direct effect on cardiovascular
physiology. Thus, with chronic altitude exposure, there is a decrease in maximum heart rate, with
a decrease in heart rate change during exercise [32]. Similarly, altitude exposure is associated
with lower levels of systolic blood pressure [33]. In addition, ultraviolet radiation from sunlight,
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Table 4 Association between
urbanization, altitude and
cardiovascular risk: Crude and
adjusted models.

Models were built taking
into account the multi-stage
design of the surveys.

* Adjusted by age, sex,
education, wealth index, and
survey year.

Table 5 Association between
altitude and cardiovascular
risk by urbanization: Crude and
adjusted models.

Models were built taking
into account the multi-stage
design of the surveys.

* Adjusted by age, sex,
education, wealth index, and
survey year.



which tend to increase with altitude, may have a substantial impact on CVD risk [34]. This effect
may be mediated by vitamin D levels and by lower blood pressure [35]. Thus, there is a need to
understand mechanisms behind the association between altitude and CVD risk.

PUBLIC HEALTH RELEVANCE

For this manuscript, we used one of the six modules of the HEARTS technical package
developed by the World Health Organization (WHO) [18]. The module is focused on risk-based
CVD management and includes information on a total risk approach to the assessment of CVD,
including subregion-specific risk charts [19].

Despite the limitation of risk scores we used, our findings highlight the need to target individuals
at higher risk of CVD, especially those located in urban areas and living <2500 m.a.s.l., but
without excluding those from rural or high-altitude settings. Targeting individuals at high CV
risk has been recognized as a beneficial strategy in terms of number of CV events avoided
[36, 37]. Providing CVD risk score may reduce total cholesterol, systolic blood pressure, and
multivariable CVD risk [37]. We decided to use an absolute CV risk approach as a subject with
multiple risk factors, even if each factor is only slightly or moderately elevated, may be at a
higher risk of CVD than someone with an elevated level of a single risk factor.

Finally, whereas a risk stratification approach, as the used by the WHO HEARTS risk score, is
mainly suitable to settings with limited resources, our results suggest the need of ensuring
laboratory infrastructure to confirm results and conduct follow-up of individuals, appropriate
drug therapy availability for primary prevention of CVD, and counseling strategies in different
settings, especially in rural areas.

STRENGTH AND LIMITATIONS

This study benefits from pooled data derived from consecutive nationally representative
surveys in Peru. Our study expands to disentangle relationships between urbanization, altitude
and predicted CV risk. However, our analysis has some limitations that merit discussion. First,
the cross-sectional nature of the data only permits to evaluate association and not causality.
Second, across the years, the sampling frame of the Peruvian DHS has changed; thus, the
sampling frame of the last three years was not similar to that of the previous years. However,
we have used the year-specific sampling weights, stratum, and sampling units. Because of
the sampling frame, although there is a possibility to have some bias because of sampling,
this is relatively negligible. Moreover, although there is a small probability to select the same
participant in different surveys (for example in 2014 and 2020), this probability is very reduced
as different sampling frames are utilized. Third, as blood samples are not usually taken in
these surveys (i.e., lipid profile and fasting glucose are not available), we only utilized the non-
laboratory chart of the WHO absolute CV risk score. However, a moderate agreement between
WHO CVD risk predictions using laboratory and non-laboratory algorithms has been described
in population samples [18]. Finally, some residual confounding may arise as an exhaustive list
of confounders was not used because of data availability.

CONCLUSIONS

Among Peruvian population, urbanization, specifically rurality, and altitude above the sea level,
mainly living at 22,500 m.a.s.l., were factors independently associated with lower predicted CV risk.
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