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Multimorbidity at sea level and
high-altitude urban and rural settings:
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Abstract

Objective: To characterize the prevalence and clustering of multimorbidity in four diverse geographical settings in Peru.

Methods: Multimorbidity, defined as having �2 chronic conditions, was studied in adults aged �35 years in four diverse
settings in Peru: Lima, Tumbes, and urban and rural Puno. Six of these conditions (alcohol disorder, asthma, chronic
obstructive pulmonary disease, depression, diabetes, and hypertension) were cataloged as objectively ascertained chronic
conditions and paired in dyads to explore clusters of multimorbidity.

Results: We analyzed data from 2890 adults, mean age 55.2 years, 49% males. Overall, 19.1% of participants had mul-
timorbidity, ranging from 14.7% in semi-urban Tumbes to 22.8% in Lima. The dyads with the highest coexistence
(approximately 20%) were observed in hypertension and diabetes in Tumbes, whereas the dyads with lowest coexistence
(approximately 1%) were those involving asthma in all study sites. In terms of clusters, Tumbes showed a predominance of
hypertension and diabetes, urban and rural Puno a predominance of depression and alcohol disorders, and Lima a higher
degree of coexistence of all of the six conditions than in the other clusters.

Conclusion: Multimorbidity is common and the pattern of clusters is highly heterogeneous. The conditions to prioritize
will vary in each setting.
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What is already known?

The coexistence of chronic conditions, also known as mul-

timorbidity, is common.

There is very limited understanding of which clusters of

multimorbidity are more common in resource-poor

settings.

What are the new findings?

In this population-based study covering a combination of

sea level and high-altitude urban and rural settings from a

low- and middle-income country, we studied both physi-

cal and mental disorders and multimorbidity and its clus-

tering patterns.

We confirm that multimorbidity is common, and more

so in urban areas, and provide unique insights into the

heterogeneous pattern of clustering of chronic conditions

across sea level and high altitude settings.

What do the new findings imply?

Understanding the burden of multimorbidity and the pat-

terns of clustering of chronic conditions across settings is

key to inform a range of disciplines from health policy,

including resource allocation, to guide prevention efforts

and clinical practice.

Introduction

Noncommunicable diseases (NCDs), including cardiovas-

cular disease, diabetes, chronic lung diseases, and cancer,

are of concern to sustainable development agendas because

of their considerable burden to nations, particularly in low-

and middle-income countries (LMICs).1 Many LMICs

have experienced important and rapid changes as expressed

by the demographic, economic, epidemiological, nutri-

tional, and urban transitions observed in recent decades,

translating into populations with longer life expectancies

and with a growing burden of NCDs, particularly in urban

areas. Populations in LMICs confront major challenges for

patient care, health system’s organization, and health-care

delivery. In addition, the dual burden of chronic and infec-

tious diseases introduce further challenges, and opportuni-

ties, for multimorbidity.2

Multimorbidity, commonly defined as the coexistence

of �2 chronic conditions,3 provides a different perspec-

tive to evaluate current challenges and gaps in popula-

tion’s health4–6 and includes both physical and mental

disorders. Yet, it poses major challenges, particularly in

LMICs,7 where the monitoring of NCDs and multimorbid-

ity in resource-limited settings has been largely hampered

by inadequate surveillance systems with poor quality of

data.8 In high-income settings, the study of multimorbid-

ity usually takes advantage of the availability of electronic

health-care records and claims data,4,9–12 a resource that is

not necessarily available in many LMICs. Some examples

of studies of multimorbidity in LMICs setting exist,13–18

and the understanding of clusters of multimorbidity has

been established but with a high heterogeneity in their

methodological approach19–21 and largely based on stud-

ies from high-income settings, yet it remains limited with

regard to the evidence arising from LMICs.7 Researching

not only the existence of multimorbidity in LMICs but its

different clusters have been established as a priority in the

field.6,7

We sought to characterize the prevalence and clustering

of multimorbidity in four diverse geographical settings,

taking advantage of a population-based cohort study in

Peru. Given the high burden of NCDs in urban areas, we

hypothesized that multimorbidity would be greater in urban

than in rural settings.

Methods

Study design and setting

Cross-sectional assessment of chronic conditions of an

ongoing longitudinal cohort study conducted in four Per-

uvian settings that differed by degree of urbanization,

level of ambient versus household air pollution, and

high altitude,22 Pampas de San Juan de Miraflores, a

periurban community in Lima with 60,000 people in

about 4 km2; Puno, a city in southeastern Peru at 3825

m above sea level with 150,000 inhabitants where bio-

mass fuels are used almost exclusively in rural villages;

and a group of communities in Tumbes, in northern

Peru, with about 20,000 people in 80 km2, where rural

villages have become intermixed with rapidly growing

urban sections.

Participants

Individuals aged �35 years, full-time residents in the area,

were invited to participate in the study. We identified a sex-

and-age stratified random sample (35–44, 45–54, 55–64

and �65 years) of potentially eligible subjects and only

one participant per household was enrolled. In Puno, we

also stratified recruitment by urban versus rural locations.

Recruitment began in September 2010 and was conducted

until about 1000 participants with complete information per

site were enrolled.

Study procedures

Fieldwork personnel and site coordinators were trained on

participant selection, protection and ethics of human sub-

jects, informed consent procedures, interviewing, clinical

assessment, and coding. The modules included formal lec-

tures and demonstrations. All team members received a

copy of an Interviewer’s Manual. Field personnel and coor-

dinators were capable of conducting interviews and per-

forming clinical assessments. A detailed description of

training was provided elsewhere.22
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For the study of multimorbidity, no electronic medi-

cal records were available, hence information on a cer-

tain number of conditions were generated through a

variety of approaches. Upon enrollment, participants

were asked to respond to a sociodemographics, risk fac-

tors, and history of cardiopulmonary symptoms ques-

tionnaire. Fieldworkers in rural areas were fluent in

Aymara or Quechua, and the survey was administered

face-to-face by the study team to those with poor lit-

eracy. Fieldworkers measured weight, height, blood

pressure, and spirometry before and after bronchodila-

tors. Fasting blood samples were obtained and analyzed

in a single facility, and the quality of assays was

checked with regular external standards and internal

duplicate assays monitored by BioRad (www.biorad.

com). Plasma glucose was measured using an enzymatic

colorimetric method (GOD-PAP; Modular P-E/Roche-

Cobas, Germany). Spirometry was conducted using the

Easy-On-PC spirometer (NDD, Zurich, Switzerland)

before and after 200 mcg of inhaled salbutamol via a

spacer. Trained technicians measured pre- and post-

bronchodilator spirometry in participants following joint

American Thoracic Society and European Respiratory

Society guidelines,23 and we adapted a standardized

grading system for quality control, review, and interpre-

tation. Detailed information of measurement techniques

and evaluation were reported elsewhere.22

Study variables

Since this analysis was performed using baseline infor-

mation of participants enrolled in a cardiopulmonary

cohort, the most common chronic noncommunicable

conditions related to cardiovascular, metabolic, and pul-

monary diseases were evaluated. Multimorbidity, the

primary outcome of interest and studied within a cardi-

opulmonary cohort, was defined as �2 chronic condi-

tions of the following 12: alcohol disorder, asthma,

chronic bronchitis, chronic obstructive pulmonary dis-

ease (COPD), depression, gastroesophageal reflux, heart

disease, hypertension, lung cancer, peripheral artery dis-

ease, stroke, and type 2 diabetes mellitus. We provide a

detailed summary of definitions of chronic conditions

used for this study in Table 1. Six of these conditions,

that is, alcohol disorder, asthma, COPD, depression, dia-

betes, and hypertension, were cataloged as objectively

ascertained chronic conditions and paired in dyads to

explore clusters of multimorbidity. We based this deci-

sion on the capability to objectively ascertain these by

clinical assessments, medication use, laboratory tests,

and use of validated scales.

Other variables included sex, age categories (35–44, 45–

54, 55–64, and �65 years), education (<6 years, 7–11

years, and 12 or more years), socioeconomic status (wealth

index based on household income, assets, and household

facilities).34

Biostatistical methods

Overall prevalence estimates of multimorbidity and single

chronic conditions, and corresponding 95% CIs, were cal-

culated, stratified by site. We then examined the frequency

of co-occurrence between pairs of objectively assessed

chronic conditions by study site. We used a multivariable

multinomial logistic regression to determine the associa-

tion between multimorbidity and sociodemographic fac-

tors. Statistical analyses were conducted in Stata

(StataCorp, College Station, Texas, USA) and R (www.r-

project.org).

Table 1. Variable definitions.

Chronic condition Definition used

Alcohol disorder AUDIT score �8 points.24 The AUDIT has
been previously validated in Spanish25 and
used in Peru.26

Asthma Two out of the following three conditions:
clinical diagnosis of asthma, current use of
asthma medications, or wheezing in the
last 12 months.27

Chronic
bronchitis

Presence of phlegm production on most days
for at least 3 months a year for 2
consecutive years.28

COPD Presence of airflow limitation characterized
by a post-bronchodilator ratio of FEV1/
FVC < 70%.23

Depression A score of �23 in the Spanish-validated
version of the Center for Epidemiologic
Studies Depression Scale.29,30 This higher
cutoff value for “probable depression”
correlates more closely with current
depression status.29

Gastroesophageal
reflux

Self-report of physician diagnosis.

Heart disease Self-report physician diagnosis of heart
failure, arrhythmia, and coronary artery
disease (i.e. angina and myocardial
infarction) assessed using standardized
questionnaires (see http://www2.phri.ca/
pure/home.htm).

Hypertension Any of the following conditions: SBP � 140
mmHg; DBP � 90 mmHg; and self-report
of physician diagnosis and current use of
antihypertensive drugs.31

Lung cancer Self-report of physician diagnosis.
Peripheral artery

disease
Defined as an ankle–brachial index (systolic

blood pressure in the ankle divided by the
systolic blood pressure in the arm) under
0.91.32

Stroke Self-report of physician diagnosis.
Type 2 diabetes Any of the following conditions: fasting

glucose �126 mg/dL; self-report of
physician diagnosis and currently receiving
antihyperglycemic medications.33

COPD: chronic obstructive pulmonary disease; AUDIT: Alcohol Use Dis-
orders Identification Test; FEV1/FVC: forced expiratory volume in 1 s to
forced vital capacity; SBP: systolic blood pressure; DBP: diastolic blood
pressure.
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Research ethics

All participants provided verbal informed consent after our

research team read the entire informed consent document to

them and any questions were answered. Informed consents

were verbal because of high illiteracy rates. The study was

approved by the Institutional Review Boards at Universi-

dad Peruana Cayetano Heredia and A.B. PRISMA, in

Lima, Peru, and at the Bloomberg School of Public Health,

Johns Hopkins University, in Baltimore, USA.

Results

Participant characteristics

Of the 6872 contacted individuals, 3601 (52.4%) agreed

to participate and had a complete questionnaire assess-

ment. Of these, 2890 participants (80.3%) completed all

clinical, blood, and spirometry evaluations (Figure 1,

detailed flowcharts, for each geographical site, are

provided in Supplemental Materials 1 to 3). Participant

characteristics by multimorbidity status (Table 2) indi-

cate that 21.6% had �12 years of education, and 89.9%
had a family income <USD 550 dollars per month. Mul-

timorbidity was more common in urban areas, among

males, older adults, and those with lower education and

lower socioeconomic status.

Prevalence of single chronic conditions

The number of chronic conditions in our study sample

ranged from zero to six. A total of 44.9% (95%CI 43.1–

46.7%) of participants did not have any chronic condition,

and 36.0% (95%CI 34.2–37.8%) had only one chronic

condition. Hypertension, depression, and alcohol disorder

were the most prevalent chronic conditions across all set-

tings, but with different patterns between settings

(Table 3). The less prevalent conditions across sites were

lung cancer and stroke.

Figure 1. Study participants flowchart, all sites.
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Hypertension was more common at sea level (Tumbes

and Lima) than at high altitude (urban and rural Puno),

whereas depression and alcohol disorders were more pre-

valent at high altitude than at sea level. Some other condi-

tions were mainly prevalent in only one of the four sites of

study, such as asthma in Lima or peripheral artery disease

in Tumbes. The prevalence of chronic bronchitis and

COPD in Tumbes was lower than all the other sites. History

of heart disease and gastroesophageal reflux were more

commonly reported in urban than rural sites.

Certain single chronic conditions had a higher prevalence in

males than in females: alcohol disorder (25% vs. 3%; p < 0.001)

and COPD (8% vs. 4%; p < 0.001); whereas others were higher

in females than in males: depression (25% vs. 8%; p < 0.001),

asthma (3% vs.1%; p ¼ 0.007), heart disease (5% vs. 3% p ¼
0.03), and gastroesophageal reflux (5% vs. 4%; p¼ 0.04).

Table 2. Population characteristics according to the number of chronic conditions.

Number of chronic conditionsa

0 1 �2 p Value

Sex
Female 695 (47.4%) 501 (34.2%) 270 (18.4%) 0.02
Male 602 (42.3%) 540 (37.9%) 282 (19.8%)

Age
35–44 years 404 (56.1%) 236 (32.8%) 80 (11.1%) <0.001
45–54 years 362 (48.4%) 278 (37.2%) 108 (14.4%)
55–64 years 316 (42.4%) 270 (36.2%) 159 (21.3%)
65þ years 215 (31.9%) 255 (37.8%) 205 (30.4%)

Education level
<6 years 510 (39.6%) 494 (38.3%) 285 (22.1%) <0.001
7–11 years 476 (48.8%) 330 (33.8%) 170 (17.4%)
12 or more years 311 (49.9%) 216 (34.7%) 96 (15.4%)

Socioeconomic status (tertiles)
Low 350 (40.1%) 345 (39.6%) 177 (20.3%) 0.02
Middle 461 (46.1%) 353 (35.3%) 186 (18.6%)
High 486 (47.7%) 343 (33.7%) 189 (18.6%)

Study site
Lima (Capital, urban) 432 (43.8%) 330 (33.4%) 225 (22.8%) <0.001
Puno (urban) 191 (39.4%) 196 (40.4%) 98 (20.2%)
Puno (rural) 178 (37.5%) 206 (43.5%) 90 (19.0%)
Tumbes (semi-urban) 496 (52.5%) 309 (32.7%) 139 (14.7%)

aPercentages are shown in rows. Results may not add up due to missing values.

Table 3. Prevalence of multimorbidity and single chronic conditions by study site, according to degree of urbanization.

Lima, highly urbanized
(n ¼ 987)

Puno, urban
(n ¼ 485)

Puno, rural
(n ¼ 474)

Tumbes, semi
urban

( n ¼ 944)
Overall

(n ¼ 2890)

Multimorbidity, % (95% CI) 22.8 (20.2–25.5) 20.2 (16.7–24.1) 19.0 (15.5–22.8) 14.7 (12.5–17.1) 19.1 (17.7–20.6)
Single chronic conditions, % (95%

CI)
Alcohol disorder 12.1 (10.1–14.3) 18.6 (15.2–22.3) 17.5 (14.2–21.2) 11.3 (9.4–13.5) 13.8 (12.6–15.1)
Asthma 4.8 (3.5–6.3) 1.2 (0.5–2.7) 0.0 (0.0–0.8) 1.0 (0.4–1.8) 2.1 (1.6–2.7)
Chronic bronchitis 8.9 (7.2–10.9) 7.0 (4.9–9.7) 8.2 (5.9–11.1) 1.3 (0.7–2.2) 6.0 (5.1–6.9)
COPD 6.1 (4.7–7.8) 6.2 (4.2–8.7) 9.9 (7.4–13.0) 3.5 (2.4–4.9) 5.9 (5.1–6.8)
Depression 17.6 (15.3–20.2) 20.6 (17.1–24.5) 31.0 (26.9–35.4) 5.7 (4.3–7.4) 16.4 (15.1–17.8)
Gastroesophageal reflux 6.1 (4.7–7.8) 9.9 (7.4–12.9) 3.6 (2.1–5.7) 0.1 (0.0–0.6) 4.4 (3.6–5.2)
Heart disease 5.6 (4.2–7.2) 5.8 (3.9–8.2) 0.2 (0.0–1.2) 3.3 (2.2–4.6) 4.0 (3.3–4.8)
Hypertension 19.8 (17.3–22.4) 10.5 (7.9–13.6) 11.2 (8.5–14.4) 26.1 (23.3–29.0) 18.9 (17.4–20.3)
Lung cancer 0.1 (0.0–0.6) 0.0 (0.0–0.8) 0.0 (0.0–0.8) 0.0 (0.0–0.4) 0.03 (0.0–0.2)
Peripheral artery disease 1.4 (0.8–2.4) 1.0 (0.3–2.4) 0.4 (0.1–1.5) 4.4 (3.2–6.0) 2.2 (1.7–2.8)
Stroke 1.0 (0.5–1.9) 0.2 (0.0–1.1) 0.0 (0.0–0.8) 0.2 (0.0–0.8) 0.4 (0.2–0.8)
Type 2 diabetes 5.5 (4.1–7.1) 6.6 (4.6–9.2) 3.2 (1.8–5.2) 9.7 (7.9–11.8) 6.7 (5.8–7.7)

COPD: chronic obstructive pulmonary disease; CI: confidence interval.
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Prevalence and clusters of multimorbidity

Multimorbidity was present in 19% of participants and was

more prevalent in urban than in rural settings. In terms of

geographical altitude, the two high altitude sites (Puno

urban and Puno rural) had a similar prevalence of multi-

morbidity, 20% and 19%, respectively, whereas the preva-

lence at the sea level sites (Lima and Tumbes) ranged from

23% to 15% (Table 3).

The distribution of pairs of objectively ascertained

chronic conditions, only six of the total conditions evalu-

ated, shows that hypertension was the most common con-

dition coexisting with all the other conditions except

asthma, hypertension was present in 39% of people with

diabetes, and depression was present in 32% of those with

asthma (Table 4).

As shown in Figure 2 and accounting for disease pre-

valence and the size of coexistence of single chronic con-

ditions, different clusters of multimorbidity were observed

in different areas. Depression followed by hypertension and

alcohol disorder were, in general, the conditions with the

highest prevalences by study sites. The highest coexistence

of conditions (approximately 20%) was observed in hyper-

tension and diabetes in Tumbes, whereas the dyads with

lowest coexistence (approximately 1%) were those involv-

ing asthma in all study sites. Combining the disease pre-

valence and the coexistence of single conditions affords the

visualization of different clusters of multimorbidity by

study site, with Tumbes showing a predominance of hyper-

tension and diabetes, urban and rural Puno showing a pre-

dominance of depression and alcohol disorders, and Lima

showing a higher degree of coexistence of all of the six

conditions than in the other clusters.

Determinants of multimorbidity

We summarized the single variable and multivariable rela-

tionship between multimorbidity and sociodemographic

factors in Table 5. Males were 27% more likely than

females to have multimorbidity. Older subjects were also

more likely to have multimorbidity, up to four times higher

in adults aged �65 years than in those aged 35–44 years.

There was no association between multimorbidity and

either education or socioeconomic status. Participants

who lived in urban settings (Lima and Puno urban) had

a 50% higher odds (odds ratio ¼ 1.50, 95% confidence

interval 1.32–1.70) of having multimorbidity than did

their counterparts who lived in nonurban settings (Puno

rural and Tumbes).

Discussion

The clustering of multimorbidity is highly heterogenous,

and one in five participants were classified as having

multimorbidity. Given the diversity of geographical sce-

narios and study sites, our findings signal to major chal-

lenges for chronic disease prevention and health-care

delivery in resource-poor LMIC settings. Of the chronic

conditions studied, depression, hypertension, and alcohol

disorder were the most prevalent. Despite differences in

multimorbidity by degree of urbanization, a heteroge-

neous pattern of clusters of multimorbidity was observed.

Knowledge of such heterogeneity can shape local policies

and resource allocation.

Multimorbidity has been reported to be a leading driver

of global disability, and its contribution will continue to

increase with an aging population.35 Current structures of

health systems, including in LMICs where specialized

human resources are scarce, are not designed to deal with

multimorbidity, requiring “a radical rethink of health sys-

tems [to] enable preparation for the rapid transition that has

brought such a burden of multimorbidity and disability.”36

While many examples of studies of multimorbidity in

LMIC setting exist,13–18 most comparisons of multimorbid-

ity prevalence estimates will likely differ because of dif-

ferences in study design and setting; differences in the age

and sex distributions of the population under study;

whether chronic conditions were measured or self-

reported; and because of limited data availability around

noncommunicable chronic diseases, including mental

health, in most of LMICs. In addition, the controversy

Table 4. Distribution of pairs of objectively assessed chronic conditions.a

Alcohol disorder
(n ¼ 401)

Asthma
(n ¼ 62)

COPD
(n ¼ 173)

Diabetes
(n ¼ 194)

Depression
(n ¼ 477)

Hypertension
(n ¼ 548)

Alcohol disorder 6.5% (4) 16.2% (28) 8.3% (16) 10.7% (51) 11.9% (65)
Asthma 1.0% (4) 6.9% (12) 2.1% (4) 4.2% (20) 2.4% (13)
COPD 7.0% (28) 19.4% (12) 2.6% (5) 8.0% (38) 7.9% (43)
Diabetes 4.0% (16) 6.5% (4) 2.9% (5) 6.3% (30) 13.7% (75)
Depression 12.7% (51) 32.3% (20) 22.0% (38) 15.5% (30) 13.9% (76)
Hypertension 16.2% (65) 21.0% (13) 24.9% (43) 38.7% (75) 15.9% (76)

COPD: chronic obstructive pulmonary disease.
aValues shown in this table are to be read in a vertical manner. For each index condition, found in the columns, we calculated the proportion of
participants that had an additional comorbid chronic condition. For example, 19% of participants who reported having asthma also had COPD, whereas
6% had diabetes and 32% had depression, and so on. Similarly, among all those with COPD, 7% reported having asthma, 3% had diabetes, 22% had
depression, and so on. Columns do not add up to 100% because not all individuals do have an additional comorbid condition.
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surrounding the different manners of aggregation of multi-

morbidity and limited data generation for NCDs will cer-

tainly restrict a direct comparison of prevalence estimates

with other studies.

In our study, we examined prevalence of multimorbidity

(�2 conditions) using both measured and self-reported

chronic conditions across a variety of geographical set-

tings, and the prevalence of multimorbidity, considering

only 12 conditions, was almost 20%. The prevalence of

multimorbidity has been reported at 33% in Argentina,37

64% in Mexico,16 and ranging from 17.5% in Colombia to

37.3% in Jamaica.13 Even in high-income countries, previ-

ous investigations have found a highly heterogeneous pre-

valence of multimorbidity due to differences in sources of

data and type of participants. For example, the prevalence

of multimorbidity in Scotland (primary care setting, 40

conditions studied), United States (medicare data, 21

chronic conditions), Australia (children and adults attend-

ing general practice, physician-reported chronic disease

data), and Canada (primary care setting, physician-

reported multimorbidity) was 23%,4 20%,38 47%,39 and

89%,40 respectively. Another study in the United States

examined six self-reported chronic conditions and found

that the prevalence of multimorbidity was 31% in 13,232

adults aged �50 years.41

To inform action, both in the clinical and policy fronts,

our findings contribute with important messages, for exam-

ple, hypertension, depression, and alcohol disorder, were

the most prevalent entities and guide toward a better under-

standing of the interactions between physical and mental

chronic conditions, including opportunities for integra-

tion.42 Our study found that diabetes prevalence was het-

erogeneous by study site, and among those with diabetes,

its co-occurrence with hypertension was particularly high,

almost 40%. We also show a higher burden of COPD in

rural Puno and a high burden of asthma in Lima. Our study

also describes the importance of interaction effects between

chronic pulmonary diseases and other cardiometabolic

comorbidities, as previously described.43,44 Chronic pul-

monary conditions like COPD may be associated with

Figure 2. Clusters of multimorbidity by dyads of objectively assessed chronic conditions according to study site.
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low-grade systemic inflammation which may consequently

increase the risk of cardiovascular and metabolic diseases.45

In our study, participants with COPD also had comorbid

hypertension (25%) and comorbid depression (22%), both

higher than the average in the whole study sample.

The interplay of geography and urbanization, more or less

urban together with high or lower altitude, has a major role in

the expression of the phenotypes of chronic conditions. While

we observed a gradient in the prevalence of multimorbidity

according to study sites and a tendency toward higher preva-

lences in the urban areas, there was no a clear pattern by

geographical altitude. Our study advances the understanding

of the coexistence of chronic conditions across a diversity of

settings, including the identification of specific clusters of

multimorbidity, and this information can guide prioritization

and resource allocation. A better understanding of multimor-

bidity, and its predominant clusters, on health outcomes will

become increasingly important in resource-limited settings as

the coexistence of chronic conditions may increase symptom

burden, worsen functional performance,46 and increase hos-

pitalization and mortality risk.47,48 Many studies have

reported an association between multimorbidity and low

socioeconomic status, but in the case of multimorbidity in

LMICs, as in our study, this is not always the case.7 One

potential explanation is that our participants and the study

settings are from low-income areas relative to the national

average. Another possibility may be related to the fact that

Peru, as a population, has experienced a recent demographic

transition with increases in life expectancy, and the burden of

multimorbidity is in its early stages.

Major strengths of our work include the population-

based and random selection of participants in sea level and

high-altitude sites, the measurement of objective clinical

and laboratory markers including spirometry, and the pres-

ence of both physical and mental health conditions. Some

limitations are also worth considering. Only 12 chronic con-

ditions, most of them related to cardiometabolic and pul-

monary diseases, were considered, and some of them were

self-reported. In general, substantial agreement between

self-report questionnaire and medical record data has been

reported, except for the case of heart failure.49 In addition,

although some selection bias might arise due to low response

rate, the main priority in this cohort study was to guarantee

low attrition during follow-up. Finally, while the aggregation

of multimorbidity as two or more chronic conditions is help-

ful, but it does not provide an indication of the severity of the

conditions studied, its complications, the quality of life of

individuals, and its role with regard to future major events or

hard outcomes. At this stage, however, we consider relevant

the purpose of the multimorbidity approach as this enabled

us to move beyond the single-disease framework.

In summary, our study found that one in five subjects have

multimorbidity, and it was more common in urban than rural

areas, and the patterns of clusters of multimorbidity are not

necessarily shared across sites. Understanding and addressing

the complexity of the clustering of multimorbidity in LMICs

calls for the need to develop an integrated approach in the

management and care of chronic conditions. Tackling multi-

morbidities is the way forward, particularly in settings where

human and financial resources are scarce, and health services

are fragmented. The heterogeneous patterns of clusters of

multimorbidity observed across sea level and high-altitude

areas call to revisit the typical countrywide “one-size-fits-all”

type of policies to address single chronic conditions, as the

conditions to prioritize will vary in each setting.
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Table 5. Factors associated with multimorbidity using
multinomial logistic regression.a

Multinomial logistic regression

1 versus 0 �2 versus 0

Sex, OR (95%CI)
Female 1 (Reference) 1 (Reference)
Male 1.34 (1.13–1.60) 1.27 (1.03–1.57)

Age, OR (95%CI)
35–44 years 1 (Reference) 1 (Reference)
45–54 years 1.27 (1.01–1.60) 1.45 (1.05–2.01)
55–64 years 1.35 (1.07–1.72) 2.40 (1.75–3.30)
65þ years 1.72 (1.31–2.24) 4.22 (3.02–5.90)

Education level, OR
(95%CI)

<6 years 1 (Reference) 1 (Reference)
7–11 years 0.77 (0.62–0.95) 0.86 (0.66–1.11)
12 or more years 0.71 (0.54–0.93) 0.72 (0.51–1.02)

Socioeconomic status
(tertiles), OR (95%CI)

Low 1 (Reference) 1 (Reference)
Middle 0.90 (0.72–1.12) 0.88 (0.67–1.16)
High 0.82 (0.64–1.05) 0.79 (0.58–1.08)

Study site, OR (95%CI)
Lima (Capital, urban) 1 (Reference) 1 (Reference)
Puno (urban) 1.48 (1.13–1.94) 1.08 (0.78–1.50)
Puno (rural) 1.28 (0.96–1.69) 0.82 (0.58–1.17)
Tumbes (semi-urban) 0.74 (0.60–0.91) 0.48 (0.37–0.63)

OR: odds ratio; CI: confidence interval.
aEstimates presented in bold are those with p values <0.05.
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