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In this paper, we examine patterns of self-reported diagnosis of noncommunicable diseases (NCDs) and prev-
alences of algorithm/measured test-based, undiagnosed, and untreated NCDs in China, Ghana, India, Mexico,
Russia, and South Africa. Nationally representative samples of older adults aged ≥50 years were analyzed from
wave 1 of the World Health Organization’s Study on Global Ageing and Adult Health (2007–2010; n = 34,149).
Analyses focused on 6 conditions: angina, arthritis, asthma, chronic lung disease, depression, and hyperten-
sion. Outcomes for these NCDs were: 1) self-reported disease, 2) algorithm/measured test-based disease,
3) undiagnosed disease, and 4) untreated disease. Algorithm/measured test-based prevalence of NCDs was
much higher than self-reported prevalence in all 6 countries, indicating underestimation of NCD prevalence in
low- and middle-income countries. Undiagnosed prevalence of NCDs was highest for hypertension, ranging
from 19.7% (95% confidence interval (CI): 18.1, 21.3) in India to 49.6% (95% CI: 46.2, 53.0) in South Africa. The
proportion untreated among all diseases was highest for depression, ranging from 69.5% (95% CI: 57.1, 81.9) in
South Africa to 93.2% (95% CI: 90.1, 95.7) in India. Higher levels of education and wealth significantly reduced
the odds of an undiagnosed condition and untreated morbidity. A high prevalence of undiagnosed NCDs and an
even higher proportion of untreated NCDs highlights the inadequacies in diagnosis and management of NCDs
in local health-care systems.

chronic disease; diagnosis; low- and middle-income countries; noncommunicable diseases; untreated diseases

Abbreviations: CI, confidence interval; LMICs, low- and middle-income countries; NCD, noncommunicable diseases; OR, odds
ratio; SAGE, Study on Global Ageing and Adult Health; SES, socioeconomic status.

Chronic noncommunicable diseases (NCDs) and mental
health conditions, including cardiovascular conditions, chronic
respiratory conditions, and depression, are currently the main
cause of both mortality and morbidity worldwide (1). More-
over, although the burden of NCDs is escalating across all re-
gions of the world, previous research indicates that NCDs

have a disproportionately high impact on low- and middle-
income countries (LMICs) (2). Of the estimated 38 million
deaths attributed to NCDs in 2012, 28 million (74% of all
cases) occurred in LMICs (2). Numbers of deaths from
NCDs are expected to increase rapidly over the next 25 years,
such that the total number of NCD-related deaths is projected
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to increase globally to 52 million by 2030 (3). Of these pro-
jected 52 million deaths, 42 million (81%) are projected to
occur in LMICs (3).

Despite the rising burden of NCDs in these settings,
health-care systems in many LMICs continue to remain fo-
cused on the treatment and management of acute infectious
illnesses (including malaria, diarrheal disease, and respiratory
infections) and on the provision of maternal and child health
services (4–6). Consequently, many countries are not ad-
equately equipped to effectively manage NCDs, either in the
primary health-care sector (4, 7), which deals with the bulk of
disease management, or in terms of access to specialty/ter-
tiary care when required. Such specialty care in LMICs tends
to get lost in the aggregation of health-care services into large
urban centers, nonengagement with primary health-care pro-
viders, and the high cost of treatment (8, 9).

Inadequate health-care systems are likely to have lower
rates of diagnosis and treatment of chronic diseases and a
continually rising disease burden from these conditions (5).
The influence of socioeconomic inequalities on NCD preva-
lence, magnitude of undiagnosed disease, and access to
treatment shows unequal distributions across socioeconomic
groups based on wealth and education, but their impacts on
these groups remain inadequately explored (10, 11). This
raises additional concerns regarding the future implications
of NCDs in developing countries and highlights the urgent
need for prevention and control strategies.

Currently, there is a lack of population-based estimates of
NCDs for many LMICs. Second, there is much less knowl-
edge about appropriate strategies for improving the preven-
tion and treatment of NCDs. Consequently, policy-makers
often rely on information from high-income countries when
designing prevention and treatment programs (8). Implement-
ing prevention and management strategies based on results
from high-income countries in LMICs may not yield similar
outcomes (12). Therefore, research on disease burden and on
prevention and management strategies for NCDs in local
LMIC settings is needed. The findings from the current study
have the potential to generate substantial attention for improv-
ing the treatment and prevention of NCDs in LMICs (8, 13).

We addressed this need by utilizing data from wave 1 of
the World Health Organization’s Study on Global Ageing and
Adult Health (SAGE), carried out between 2007 and 2010.
The objectives of this study were to: estimate the prevalence
of 6 major NCDs (angina, asthma, arthritis, chronic lung dis-
ease, depression, and hypertension) using both self-reported
diagnoses and an algorithm or measured test (based on a pat-
tern of symptoms or on measured blood pressure); determine
the prevalence of undiagnosed disease and the proportion of
untreated conditions for each condition; and examine the so-
ciodemographic correlates of each outcome.

METHODS

Sample

This study used data from SAGE wave 1 (2007–2010).
SAGE is a longitudinal study of aging and health with na-
tionally representative samples of adults from 6 LMICs:
China, Ghana, India, Mexico, the Russian Federation, and

South Africa. SAGE was designed as a multiwave panel
study representative of the population aged 50 years or older
in each participating country. Sample sizes for each country
were as follows: China, n = 13,177; Ghana, n = 4,307; India,
n = 6,560; Mexico, n = 2,327; Russia, n = 3,938; and South
Africa, n = 3,840.

SAGE employed a multistage cluster design with samples
drawn from an updated national sampling frame. Face-to-
face interviews were used to capture respondent informa-
tion. A detailed description of the study, the sample design,
and weighting is provided elsewhere (14, 15).

Measurement

SAGE included self-reported diagnoses of 8 chronic condi-
tions: angina, arthritis, asthma, chronic lung disease, diabetes,
depression, hypertension, and stroke. These 8 conditions are
thought to contribute a large portion of the overall burden of
disease in older adults—covering both prevalent physical and
mental health conditions. However, information from algo-
rithm/measured test-based assessment was available for only
6 conditions—namely angina, arthritis, asthma, chronic lung
diseases, depression, and hypertension. Since the analysis in
this study was based on comparative assessment of self-
reported diagnoses and algorithm/measured test-based apprai-
sals of chronic diseases, only the 6 diseases for which both
measures were available were included.

Noncommunicable diseases. Disease prevalence was
estimated on the basis of the following 2 types of measures.

Self-reported diagnoses. Self-reported diagnosis of angina,
arthritis, asthma, chronic lung disease, depression, or hyper-
tension was assessed by means of the question, “Has a health-
care professional ever told you that you have (disease
name)?”

Algorithm-based diagnosis/measured test. SAGE add-
itionally included a set symptomatic questions for assess-
ment of angina pectoris, arthritis, asthma, chronic lung
disease, and depression and measurement of blood pressure
for assessment of hypertension. The symptomatic questions
and algorithm used for each disease are listed in Table 1.
The World Health Organization’s Rose angina questionnaire
was used for symptom-based assessment of angina pectoris
(16, 17). The symptom questions for arthritis, asthma, and
chronic lung disease were validated in a multicountry study,
the Diagnostic Item Probability Study (18). The question-
naire for depression was based on the World Mental Health
Survey version of the Composite International Diagnostic
Interview (19). Hypertension was determined on the basis of
3 sitting blood pressure readings taken at 1-minute intervals.
The average value of these 3 readings was used for all coun-
tries except Mexico, where the average of 2 available read-
ings was used. An individual was considered hypertensive if
average systolic or diastolic blood pressure exceeded 140
mmHg or 90 mmHg, respectively (20).

Additionally, for each of the 6 NCDs, persons who re-
ported having been diagnosed and having received treat-
ment in the last 12 months but did not have the condition
based on an algorithm-based diagnosis/measured test were
considered to have the condition.
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Table 1. Symptoms and Algorithms Used to Derive the Prevalences of 5 Chronic Diseases in Wave 1 of the Study on Global Ageing and Adult
Health (SAGE), 2007–2010

Question No. Question and Corresponding Algorithm Used to Ascertain Disease

Arthritis

Question 1 During the last 12 months, have you experienced, pain, aching, stiffness, or swelling in or around the joints (like arms, hands,
legs, or feet) which was not related to an injury and lasted for more than a month?

Question 2 During the last 12 months, have you experienced stiffness in the joint in the morning after getting up from bed, or after a long
rest of the joint without movement?

If “yes” to question 2:

Question 3 How long did this stiffness last?—1) less than 30 minutes; 2) more than 30 minutes

Question 4 Did this stiffness go away after exercise or movement in the joint?—1) yes; 2) no

Algorithm If the response to questions 1 and 2 was “yes” and the response to questions 3 and 4 was the first option, the respondent was
said to have arthritis.

Angina

Question 1 During the last 12 months, have you experienced any pain or discomfort in your chest when you walk uphill or hurry?

Question 2 During the last 12 months, have you experienced any pain or discomfort in your chest when you walk at an ordinary pace on
level ground?

If “yes” to question 2:

Question 3 What do you do if you get the pain or discomfort when you are walking?—1) stop or slow down; 2) carry on after taking a pain-
relieving medicine that dissolves in your mouth; 3) carry on walking

Question 4 If you stand still, what happens to the pain or discomfort?—1) relieved; 2) not relieved

Question 5 Apart from these questions, respondents were asked to identify the points of pain in the upper part of the body (excluding the
head) with the help of a picture depicting the upper parts of the body.

Algorithm If the response to questions 1 and 2 was “yes” and the response to questions 3 and 4 was the first option, and in question 5 the
respondent indicated that the pain was in the upper left part of the body, the person was said to have angina.

Chronic Lung Disease

Question 1 During the last 12 months, have you experienced any shortness of breath at rest (while awake)?

Question 2 During the last 12 months, have you experienced any coughing or wheezing for 10 minutes or more at a time?

Question 3 During the last 12 months, have you experienced any coughing up of sputum or phlegm on most days of the month for at least
3 months?

Algorithm A respondent was ascertained to have chronic lung disease if his/her response was “yes” to question 1 or “yes” to both
question 2 and question 3.

Asthma

Question 1 During the last 12 months, have you experienced attacks of wheezing or whistling breathing?

Question 2 During the last 12 months, have you experienced an attack of wheezing that came on after you stopped exercising or some
other physical activity?

Question 3 During the last 12 months, have you had a feeling of tightness in your chest?

Question 4 During the last 12 months, have you woken up with a feeling of tightness in your chest in the morning or any other time?

Question 5 During the last 12 months, have you had an attack of shortness of breath that came on without an obvious cause when you
were not exercising or doing some physical activity?

Algorithm A respondent was said to suffer from asthma if s/he responded “yes” to question 1 and “yes” to any of the subsequent
questions (2–5).

Depression

Question 1 During the last 12 months, have you had a period lasting several days when you felt sad, empty, or depressed?

Question 2 During the last 12 months, have you had a period lasting several days when you lost interest in most things you usually enjoy,
such as personal relationships, work, or hobbies/recreation?

Question 3 During the last 12 months, have you had a period lasting several days when you have been feeling your energy decreased or
that you are tired all the time?

If the response to any of the above 3 questions was “yes,” then the following set of questions was asked:

Question 4 Did this period (of sadness/loss of interest/low energy) last for more than 2 weeks?

Question 5 Was this period (of sadness/loss of interest/low energy) most of the day, nearly every day?

Question 6 During this period, did you lose your appetite?

Question 7 Did you notice any slowing down in your thinking?

Question 8 Did you notice any problems falling asleep?

Question 9 Did you notice any problems waking up too early?

Table continues
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Undiagnosed chronic conditions. A respondent was con-
sidered to have undiagnosed chronic disease(s) if he/she did
not report having received that diagnosis but was positive for
that particular condition on the basis of the algorithm-based
diagnosis/measured test.

Untreated chronic conditions. A respondent was considered
to have an untreated chronic condition if s/he was found posi-
tive in algorithm/measured test-based assessment but had not
received treatment in the last 12 months. The proportion of re-
spondents untreated was calculated by taking the number of
respondents who did not receive treatment (in the numerator)
and dividing by those who were found to be positive in the al-
gorithm/measured test-based assessment (in the denominator).

Thus, 4 binary outcome variables for each of the 6 selected
NCDs were generated: 1) self-reported disease; 2) algorithm/
measured test-based disease; 3) undiagnosed disease; and
4) untreated disease.

Analytical methods

The analysis for these outcomes was carried out in 3 stages.
First, national-level prevalences of self-reported diagnosis, al-
gorithm/measured test-based and undiagnosed disease, and
proportion untreated were calculated for each of the 6 NCDs.
Secondly, the prevalence of each of the diseases was calcu-
lated according to sociodemographic covariates. Finally, a
multivariable regression analysis was conducted to examine
the socioeconomic and demographic correlates of the afore-
mentioned indicators.

The multivariable analysis was conducted on the pooled
sample of all 6 countries, accounting for the complex survey
design. Multivariable logistic models were fitted for the
aforementioned binary outcome variables for each of the
diseases. The missing values were excluded from the anal-
ysis under the assumption that the characteristics of persons
with missing and nonmissing observations were similar
(analysis not shown).

The following predictors were used in the multivariate lo-
gistic regression models: age, sex, place of residence, educa-
tion, wealth quintile, and country of residence. The regression
models for self-reported diagnosis and algorithm/measured
test-based measures additionally included major health risk
factors—namely current tobacco use, alcohol consumption,
physical inactivity, and obesity. A detailed description of the
categories of the predictors is given in the Web Appendix
(available at http://aje.oxfordjournals.org/).

Furthermore, the probabilities of self-reported diagnosis, al-
gorithm/measured test-based, and undiagnosed and untreated
disease were predicted from the logit models for each country
and each of the 6 NCDs to obtain national estimates of the out-
comes after adjustment for the sociodemographic differences.

RESULTS

We analyzed data on a total of 34,149 older adults from
the 6 LMICs. Table 2 shows the characteristics (weighted
percentages using sample weights) of the sample. Ghana had
the highest proportion (33%) of respondents aged ≥70 years,

Table 1. Continued

Question No. Question and Corresponding Algorithm Used to Ascertain Disease

Question 10 During this period, did you have any difficulties concentrating—for example, listening to others, working, watching television,
listening to the radio?

Question 11 Did you notice any slowing down in your moving around?

Question 12 During this period, did you feel anxious and worried most days?

Question 13 During this period, were you so restless or jittery nearly every day that you paced up and down and couldn’t sit still?

Question 14 During this period, did you feel negative about yourself or like you had lost confidence?

Question 15 Did you frequently feel hopeless—that there was no way to improve things?

Question 16 During this period, did your interest in sex decrease?

Question 17 Did you think of death, or wish you were dead?

Question 18 During this period, did you ever try to end your life?

Algorithm To ascertain depression from this set of questions, 2 set of variables were computed.

The first set of variables was based on questions 1–5 and question 16. From this set, 3 variables were computed taking the
values 0 and 1, as follows: 1) The first variable takes the value 1 if the response to any of questions 1, 4, and 5 is “yes.”
2) The second variable takes the value 1 if the response to question 2 or 16 is “yes.” 3) The third variable takes the value 1 if
the response to question 3 is “yes.”

The second set of variables was based on questions 6–15, 17, and 18. From these questions, 7 variables were computed.
1) The first variable takes the value 1 if the response to question 14 or 15 is “yes.” 2) The second variable takes the value 1 if
the response to question 12 or 13 is “yes.” 3) The third variable takes the value 1 if the response to question 17 or 18 is
“yes.” 4) The fourth variable takes the value 1 if the response to question 7 or 10 is “yes.” 5) The fifth variable takes the value
1 if the response to question 11 is “yes.” 6) The sixth variable takes the value 1 if the response to question 8 or 9 is “yes.” 7)
The seventh variable takes the value 1 if the response to question 6 is “yes.”

These newly created variables from the respective sets were added to obtain 2 new variables, the first consisting of the sum of
the first set of variables (maximum value 3) and the second consisting of the sum of the second set of variables (maximum
value 7). On the basis of these 2 variables, a respondent was said to suffer from depression if s/he had a value for the first
variable of 2 or more and a value for the second variable of 4 or more.
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and South Africa had the lowest (20%). The proportion of the
rural adult population ranged from 21% in Mexico to 71% in
India. The percentage of the sample with no formal schooling
was highest in Ghana (55%) and India (52%) and lowest in
Russia (0.5%).

The adjusted (predicted probabilities from logit regression
estimates) self-reported and algorithm/measured test-based
prevalences of the 6 NCDs among older adults are shown in
Figure 1. Results show that algorithm/measured test-based
prevalence was higher than self-reported prevalence for all 6
chronic diseases in each country. Hypertension was the most
prevalent condition in all countries, both in terms of self-
report and in terms of measurement. The prevalence of self-
reported hypertension ranged from 14.1% (95% confidence
interval (CI): 12.6, 15.5) in Ghana to 40.8% (95% CI: 35.8,
45.7) in Russia, whereas prevalence of measured hyperten-
sion ranged from 38.8% (95% CI: 36.8, 40.8) in India to

73.8% (95% CI: 70.4, 77.2) in South Africa. The prevalence
of self-reported arthritis was second-highest after hyperten-
sion in all countries, ranging from 27.2% (95% CI: 22.5,
31.9) in Russia to 7% (95% CI: 4.3, 10.4) in Mexico. In add-
ition, Russia had the highest prevalence of both self-reported
(25%, 95% CI: 21.1, 28.9) and algorithm-based (43%, 95%
CI: 36.6, 49.8) angina. The prevalence of self-reported asth-
ma was less than 5% in all countries except India (7.7%,
95% CI: 6.2, 9.3). The prevalences of both self-reported and
algorithm-based chronic lung disease were lowest in Ghana
(0.5% (95% CI: 0.3, 0.7) and 3% (95% CI: 2.5, 4.1), respect-
ively) and highest in Russia (13.7% (95% CI: 10.4, 17.1)
and 21.4% (95% CI: 17.0, 25.8), respectively). The adjusted
prevalences of self-reported and algorithm-based depression
were lowest in China (0.3% (95% CI: 0.2, 0.4) and 2.1%
(95% CI: 1.6, 2.5), respectively), whereas Mexico had the
highest prevalence of self-reported depression (13.9%, 95%

Table 2. Distribution (Weighted Percentage) of Older Respondents (Aged ≥50 Years) According to Selected Socioeconomic and Demographic
Characteristics in the Study on Global Ageing and Adult Health (Wave 1), 2007–2010

Country Pooled Data

India
(n = 6,560)

China
(n = 13,177)

Ghana
(n = 4,307)

Mexico
(n = 2,327)

Russia
(n = 3,938)

South Africa
(n = 3,840)

All Countries
(n = 34,149)

Men
(n = 15,597)

Women
(n = 18,332)

Age group, years

50–59 48.6 44.9 39.7 48.1 44.1 49.9 49.6 51.3 48.0

60–69 30.9 31.9 27.5 25.6 26.7 30.6 28.6 28.9 28.4

≥70 20.5 23.2 32.8 26.4 29.1 19.5 21.7 19.8 23.6

Sex

Male 51.0 49.8 52.4 46.8 40.3 44.1 48.8

Female 49.0 50.2 47.6 53.2 59.7 55.9 51.2

Residence

Urban 28.9 47.3 41.1 78.9 70.1 64.9 44.1 42.8 45.2

Rural 71.1 52.7 58.9 21.1 29.9 35.1 56.0 57.2 54.8

Marital status

Never married 0.7 1.1 1.3 7.4 2.6 14.3 1.4 1.6 1.3

Currently married/
cohabiting

76.9 85.0 59.3 72.6 60.5 55.9 80.1 89.7 70.9

Widowed/divorced/
separated

22.3 13.8 39.4 20.0 36.9 29.8 18.5 8.7 27.8

Years of education
completed

No formal
education

51.6 23.5 54.8 17.4 0.5 24.5 29.4 17.6 40.5

1–5 19.1 25.2 8.4 38.1 5.4 21.5 22.2 23.0 21.4

6–9 13.1 34.8 8.3 34.2 18.6 30.9 27.9 33.9 22.1

≥10 16.2 16.5 28.5 10.3 75.5 23.1 20.6 25.4 16.0

Income quintile

Q1 (lowest) 18.2 16.3 18.2 15.2 13.3 20.7 16.9 16.1 17.6

Q2 19.5 18.1 19.1 24.8 17.1 19.9 18.8 18.6 19.0

Q3 18.8 20.5 20.5 17.1 19.6 18.2 19.6 19.2 19.9

Q4 19.6 23.4 20.7 16.5 22.1 19.8 21.9 22.3 21.4

Q5 (highest) 23.9 21.8 21.6 26.4 27.8 21.3 22.9 23.8 22.0

Abbreviation: Q, quintile.
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CI: 6.5, 21.4) and India had the highest algorithm-based
prevalence (18.5%, 95% CI: 15.8.6, 21.3).

Figure 2 shows the adjusted prevalence of undiagnosed
NCDs. Results showed that undiagnosed prevalence of
hypertension was higher relative to other diseases for all
countries, ranging from 19.7% (95% CI: 18.1, 21.3) in India
to 49.6% (95% CI: 46.2, 53.0) in South Africa. The preva-
lence of undiagnosed angina was highest in India (13.6%,

95% CI: 10.1, 16.2), followed by Mexico (11.6%, 95% CI:
5.0, 18.1), and was lowest in China (1.8%, 95% CI: 1.5, 2.0).
India had the highest prevalence of undiagnosed depression
(16.8%, 95% CI: 14.0, 19.7), while China had the lowest
(1.8%, 95% CI: 1.4, 2.2). China had the lowest undiagnosed
prevalence for most chronic diseases (Figure 2).

Figure 3 shows the adjusted (for sociodemographic charac-
teristics) prevalence of untreated chronic diseases in the
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Figure 1. Adjusted (for sociodemographic characteristics) self-reported and algorithm/measured test-based prevalences of noncommunicable
diseases in 6 low- and middle-income countries, Study on Global Ageing and Adult Health (wave 1), 2007–2010. Black bars, self-reported preva-
lence; white bars, algorithm/measured test-based prevalence. A) Angina; B) arthritis; C) asthma; D) chronic lung disease; E) depression;
F) hypertension.
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previous 12 months. In all 6 countries, a very high percentage
of older adults with an algorithm-based chronic disease did not
report taking medication in the past 12 months. The proportion
untreated was highest for depression; specifically, among
persons with algorithm-based depression, 93.2% (95% CI:
90.1, 95.7) did not receive treatment in India, 92.1% (95%

CI: 87.8, 96.5) did not receive treatment in China, 91.2%
(95% CI: 86.8, 95.7) did not get treatment in Ghana, and
69.5% (95% CI: 57.1, 81.9) did not get treatment in South
Africa. The other 5 chronic conditions exhibited similarly
high rates of untreated disease in all countries. Cross-country
differences in the prevalence of untreated conditions were
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Figure 2. Adjusted (for sociodemographic characteristics) prevalences of undiagnosed chronic diseases in 6 low- and middle-income countries,
Study on Global Ageing and Adult Health (wave 1), 2007–2010.
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Figure 3. Adjusted (for sociodemographic characteristics) proportions of untreated chronic diseases in 6 low- and middle-income countries,
Study on Global Ageing and Adult Health (wave 1), 2007–2010.
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pronounced. Compared with other countries, the prevalence
of untreated morbidity (for all 5 conditions) was consistently
higher among older adults living in Ghana, India, and Mexico
and lower in China, Russia, and South Africa.

Sociodemographic patterns

Given the importance of within-country sociodemographic
variations, the self-reported and algorithm/measured test-
based prevalences of chronic diseases are presented according
to sociodemographic strata in Web Tables 1 and 2. Both self-
reported and algorithm/measured test-based prevalence in-
creased with age for all 6 NCDs across the SAGE countries.
Women exhibited a higher prevalence of both self-reported
and algorithm/measured test-based angina, arthritis, depres-
sion, and hypertension in all countries except India, where the
prevalence of self-reported angina was lower among women.
Prevalences of both self-reported and algorithm-based asthma
were lower among women in China, Ghana, India, and South
Africa. Educational level did not uniformly influence self-
reported disease prevalence, although algorithm/measured
test-based prevalence generally declined as educational levels
increased for each disease across all countries.

Web Table 3 shows the undiagnosed prevalence of each dis-
ease according to background characteristics for each country.
Prevalence of undiagnosed diseases typically increased with
age; further, women displayed a higher prevalence of undiag-
nosed conditions for all 6 NCDs, except hypertension. Older
adults with higher educational levels and from higher wealth
quintiles had a lower prevalence of undiagnosed disease.

Age did not appear to be uniformly associated with the
prevalence of untreated conditions; a higher percentage of
women had untreated chronic conditions. Persons with
higher levels of education and wealth were characterized by
a lower prevalence of untreated chronic conditions (Web
Table 4).

Multivariable analyses

Table 3 presents results from a logit model estimating the
association between socioeconomic/health risk factors and
self-reported conditions. Participants aged 70 years or older
had a higher likelihood of self-reported chronic disease.
Women were significantly more likely than men to report
arthritis (odds ratio (OR) = 1.35, 95% CI: 1.11, 1.63), de-
pression (OR = 1.38, 95% CI: 0.93, 2.05), or hypertension
(OR = 1.41, 95% CI: 1.22, 1.63) and less likely to report
asthma (OR = 0.62, 95% CI: 0.45, 0.84) or chronic lung
disease (OR = 0.67, 95% CI: 0.56, 0.79). Neither educational
level nor wealth quintile appeared to consistently influence the
likelihood of self-reported chronic conditions; in fact, the odds
ratios were statistically insignificant for most of the 6 NCDs.
Physical inactivity and obesity were associated with a higher
likelihood of self-reported chronic diseases. Compared with
Russia (the reference group), respondents in the other 5 coun-
tries had significantly lower odds of reported angina, arthritis,
chronic lung disease, and hypertension. Compared with Rus-
sia, the odds of reporting asthma were 4 times higher in India,
while the odds of reporting depression were 4 times higher in
Mexico.

Table 4 presents logit model estimates (odds ratios) show-
ing correlates of algorithm/measured test-based chronic dis-
ease prevalence. In contrast to the pattern for self-reported
disease prevalence, both years of education and age showed a
consistent and negative association with each of the chronic
diseases. Compared with the reference group (≥10 years of
schooling), older adults with fewer years of schooling dis-
played higher odds of algorithm/measured test-based chronic
disease. Age was positively associated with algorithm/measured
test-based chronic disease. Sex differences were also observed,
such that older women were more likely than men to have
symptom/measured angina, arthritis, depression, and hyperten-
sion but less likely to have asthma and chronic lung diseases.
Physical inactivity and obesity were positively associated with
symptom-based diseases. Compared with Russia, older adults
in the other 5 countries were less likely to have angina, arthritis,
and chronic lung disease.

Multivariable analyses indicated that sociodemographic
factors strongly influenced the likelihood of undiagnosed
chronic disease (Table 5). Participants aged 70 years or old-
er had 3 times’ higher odds of undiagnosed chronic disease
as younger individuals. Further, for each chronic disease,
women were significantly more likely than men to have an
undiagnosed condition (Table 5). Both education and house-
hold wealth significantly influenced disease diagnosis; spe-
cifically, more years of schooling and higher levels of
wealth significantly decreased the odds of having an undiag-
nosed condition.

Socioeconomic status (SES) measures—both educational
level and wealth quintile—were negatively associated with
untreated chronic diseases (Table 6). Older adults in the
lower-SES groups (all countries pooled) were more likely to
remain untreated than those with higher SES. The likelihood
of not being treated for a chronic condition varied across
countries. In general, compared with Russia, older adults of
other countries were more likely to have untreated hyperten-
sion and angina. Compared with men, older women had a
significantly higher likelihood of not being treated for an-
gina and chronic lung diseases but a lower likelihood of not
being treated for hypertension. Overall, SES and country of
residence were the most significant variables determining
the likelihood of untreated disease (Table 6).

DISCUSSION

In this study, we assessed sociodemographic patterns and
correlates of self-reported, algorithm/measured test-based,
undiagnosed, and untreated angina, arthritis, asthma, chronic
lung disease, depression, and hypertension in 6 LMICs.

Results showed that algorithm/measured NCD prevalence
was higher than self-reported prevalence for all 6 diseases in
each of the 6 SAGE countries. These findings are consistent
with the findings from previous studies in LMICs (18, 21–
23). Prevalence of NCDs based on self-report of a physi-
cian’s diagnosis typically underestimates the true extent of
the chronic disease burden in these countries. Previous re-
search suggests that the accuracy of self-reported prevalence
estimates is influenced by health literacy, access to health
care, and cultural factors (21, 24, 25). It is therefore critical
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Table 3. Odds Ratios (Logit Model Estimates) for Factors Associated With the Prevalence of Reported Chronic Diseases in the Study on Global
Ageing and Adult Health (Wave 1), 2007–2010

Covariate
Angina Arthritis Asthma Chronic Lung

Disease Depression Hypertension

OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI

Socioeconomic status

Years of schooling

No schooling 0.61 0.44, 0.85 1.15 0.93, 1.42 0.89 0.61, 1.30 1.02 0.75, 1.38 0.89 0.52, 1.54 0.75 0.63, 0.90

1–5 0.95 0.70, 1.29 1.32 1.07, 1.63 0.84 0.52, 1.37 0.96 0.72, 1.30 1.01 0.61, 1.67 0.83 0.69, 1.00

6–9 0.99 0.67, 1.49 1.08 0.84, 1.38 0.87 0.58, 1.29 1.04 0.85, 1.26 0.94 0.56, 1.58 0.99 0.84, 1.17

≥10 (referent)

Wealth quintile

Q1 (lowest) 0.80 0.56, 1.14 0.90 0.71, 1.13 1.96 1.21, 3.16 1.20 0.90, 1.60 1.27 0.76, 2.14 0.53 0.42, 0.66

Q2 0.97 0.70, 1.35 1.07 0.85, 1.33 1.58 0.95, 2.60 1.15 0.87, 1.52 1.13 0.72, 1.78 0.72 0.58, 0.89

Q3 1.08 0.74, 1.56 1.06 0.84, 1.35 1.55 1.14, 2.10 1.05 0.82, 1.34 1.01 0.70, 1.47 0.83 0.66, 1.05

Q4 0.92 0.65, 1.30 0.96 0.78, 1.18 1.26 0.88, 1.79 1.11 0.86, 1.43 1.56 0.94, 2.58 0.89 0.74, 1.08

Q5 (highest; referent)

Country

India 0.19 0.13, 0.27 0.63 0.47, 0.85 4.44 2.52, 7.83 0.30 0.19, 0.45 1.07 0.63, 1.85 0.35 0.27, 0.46

China 0.26 0.20, 0.33 0.77 0.59, 0.99 1.05 0.64, 1.72 0.52 0.38, 0.70 0.08 0.05, 0.15 0.52 0.41, 0.66

Ghana 0.11 0.08, 0.16 0.42 0.31, 0.56 1.70 1.02, 2.83 0.03 0.02, 0.05 0.59 0.34, 1.05 0.21 0.16, 0.27

Mexico 0.06 0.03, 0.13 0.21 0.12, 0.34 0.78 0.43, 1.42 0.18 0.11, 0.30 4.35 2.08, 9.10 0.41 0.28, 0.60

South Africa 0.09 0.07, 0.14 0.63 0.46, 0.87 2.09 1.21, 3.61 0.15 0.09, 0.24 0.65 0.37, 1.13 0.37 0.28, 0.50

Russia (referent)

Age group, years

50–59 (referent)

60–69 1.49 1.14, 1.95 1.37 1.17, 1.60 1.68 1.33, 2.12 1.65 1.37, 1.99 1.17 0.85, 1.60 1.54 1.33, 1.77

≥70 2.54 1.86, 3.48 1.51 1.25, 1.84 1.76 1.34, 2.31 2.11 1.63, 2.74 0.86 0.57, 1.29 2.30 1.99, 2.65

Residence

Urban (referent)

Rural 0.89 0.70, 1.13 0.88 0.73, 1.06 0.81 0.57, 1.14 0.87 0.68, 1.12 0.97 0.54, 1.73 0.73 0.63, 0.84

Sex

Male (referent)

Female 0.92 0.69, 1.22 1.35 1.11, 1.63 0.62 0.45, 0.84 0.67 0.56, 0.79 1.38 0.93, 2.05 1.41 1.22, 1.63

Marital status

Never married (referent)

Currently married/cohabiting 1.47 0.82, 2.62 1.41 0.95, 2.09 1.43 0.84, 2.43 0.97 0.62, 1.54 1.32 0.59, 2.98 1.15 0.81, 1.62

Widow/divorced/separated 1.81 0.99, 3.34 1.56 1.02, 2.40 1.73 1.01, 2.97 0.87 0.53, 1.44 1.35 0.59, 3.08 1.21 0.84, 1.74

Current tobacco consumption

No (referent)

Yes 1.04 0.76, 1.41 0.95 0.78, 1.15 0.97 0.70, 1.34 1.13 0.91, 1.42 1.32 1.01, 1.72 0.91 0.76, 1.07

Alcohol consumption

No (referent)

Yes 0.64 0.46, 0.90 0.94 0.75, 1.18 0.83 0.61, 1.15 1.15 0.89, 1.47 0.76 0.48, 1.19 0.79 0.67, 0.95

Physical activity

Yes (referent)

No 1.22 1.04, 1.44 1.15 1.00, 1.32 1.56 1.24, 1.96 1.31 1.10, 1.55 1.33 0.88, 2.00 1.09 0.96, 1.23

Obesity

No (referent)

Yes 1.87 1.36, 2.58 1.64 1.26, 2.13 1.53 1.05, 2.21 1.46 1.09, 1.96 1.10 0.71, 1.70 2.96 2.29, 3.83

Abbreviations: CI, confidence interval; OR, odds ratio; Q, quintile.
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Table 4. Odds Ratios (Logit Model Estimates) for Factors Associated With the Prevalence of Algorithm/Measured Test-Based Chronic
Diseases in the Study on Global Ageing and Adult Health (Wave 1), 2007–2010

Covariate
Angina Arthritis Asthma Chronic Lung

Disease Depression Hypertension

OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI

Socioeconomic status

Years of schooling

No schooling 1.50 1.12, 2.01 1.35 1.09, 1.66 1.56 1.13, 2.15 1.65 1.23, 2.20 1.29 0.98, 1.69 1.04 0.91, 1.20

1–5 1.54 1.16, 2.04 1.33 1.09, 1.64 1.45 1.09, 1.93 1.53 1.25, 1.88 1.05 0.78, 1.40 1.17 0.99, 1.36

6–9s 1.46 1.04, 2.04 1.24 0.94, 1.64 1.29 0.98, 1.70 1.29 0.99, 1.68 1.11 0.77, 1.61 1.17 1.00, 1.37

≥10 (referent)

Wealth quintile

Q1 (lowest) 1.29 0.86, 1.94 1.04 0.84, 1.30 1.63 1.22, 2.17 1.63 1.27, 2.09 1.78 1.40, 2.27 0.84 0.72, 0.99

Q2 1.27 0.90, 1.78 1.21 0.98, 1.50 1.51 1.14, 1.98 1.40 1.08, 1.83 1.85 1.45, 2.38 0.91 0.76, 1.08

Q3 1.36 0.94, 1.98 1.12 0.89, 1.42 1.53 1.12, 2.09 1.49 1.14, 1.96 1.75 1.24, 2.49 0.95 0.77, 1.16

Q4 1.11 0.76, 1.62 1.10 0.88, 1.37 1.18 0.88, 1.59 1.20 0.93, 1.56 1.40 1.11, 1.76 1.08 0.93, 1.25

Q5 (highest; referent)

Country

India 0.30 0.20, 0.46 0.65 0.48, 0.88 1.73 1.10, 2.72 0.63 0.44, 0.89 2.98 1.74, 5.10 0.29 0.22, 0.38

China 0.13 0.10, 0.18 0.54 0.40, 0.72 0.57 0.38, 0.85 0.36 0.27, 0.47 0.28 0.16, 0.47 0.76 0.58, 0.99

Ghana 0.18 0.13, 0.25 0.62 0.47, 0.82 0.51 0.32, 0.79 0.12 0.08, 0.17 1.25 0.75, 2.09 0.65 0.50, 0.86

Mexico 0.16 0.08, 0.32 0.24 0.16, 0.38 0.48 0.27, 0.85 0.40 0.26, 0.60 2.23 1.11, 4.50 0.59 0.40, 0.87

South Africa 0.07 0.05, 0.11 0.58 0.43, 0.77 0.76 0.48, 1.21 0.22 0.15, 0.32 0.67 0.40, 1.10 1.38 1.01, 1.88

Russia (referent)

Age group, years

50–59 (referent)

60–69 1.55 1.27, 1.88 1.22 1.04, 1.42 1.56 1.28, 1.91 1.63 1.41, 1.89 1.25 0.98, 1.59 1.45 1.27, 1.66

≥70 2.27 1.83, 2.81 1.35 1.12, 1.63 1.79 1.45, 2.21 1.90 1.57, 2.31 1.35 1.06, 1.71 2.01 1.77, 2.28

Residence

Urban (referent)

Rural 0.94 0.67, 1.31 0.99 0.83, 1.19 1.04 0.78, 1.38 1.03 0.83, 1.28 0.87 0.60, 1.26 1.07 0.94, 1.20

Sex

Male (referent)

Female 1.29 1.01, 1.63 1.39 1.15, 1.68 0.66 0.54, 0.83 0.81 0.68, 0.96 1.29 1.06, 1.56 1.14 1.03, 1.26

Marital status

Never married (referent)

Currently married/cohabiting 2.30 1.32, 4.00 1.65 1.06, 2.56 0.81 0.44, 1.50 0.79 0.50, 1.24 1.33 0.77, 2.31 0.90 0.66, 1.23

Widow/divorced/separated 2.38 1.30, 4.37 1.69 1.09, 2.63 0.86 0.46, 1.58 0.81 0.50, 1.30 1.42 0.81, 2.49 0.99 0.72, 1.40

Current tobacco consumption

No (referent)

Yes 1.04 0.82, 1.33 1.02 0.85, 1.22 1.04 0.85, 1.22 1.18 1.00, 1.40 1.11 0.91, 1.34 0.90 0.80, 1.01

Alcohol consumption

No (referent)

Yes 0.70 0.52, 0.94 0.93 0.76, 1.14 0.93 0.72, 1.19 0.85 0.70, 1.04 0.80 0.62, 1.03 1.23 1.07, 1.40

Physical activity

Yes (referent)

No 1.25 1.05, 1.48 1.04 0.93, 1.16 1.38 1.15, 1.64 1.29 1.14, 1.47 0.90 0.72, 1.13 1.07 0.96, 1.18

Obesity

No (referent)

Yes 2.00 1.38, 2.89 1.77 1.34, 2.32 1.69 1.27, 2.25 1.29 0.98, 1.72 1.06 0.73, 1.53 1.35 0.84, 2.17

Abbreviations: CI, confidence interval; OR, odds ratio; Q, quintile.
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to assess the reliability of self-reported disease estimates in
LMICs against other measures, such as algorithm-based as-
sessments or more objective measurements, to ascertain
how well self-reported disease corresponds to a more object-
ive assessment across multiple countries (26, 27).

Further, the estimates of chronic disease prevalence from
algorithm/measured test-based assessment in this study
were higher than the prevalence estimates for LMICs re-
ported in other contemporary studies for angina (28–32),
arthritis (30, 33), asthma (34, 35), and depression (36).

Rates of undiagnosed hypertension were also high in
each SAGE country, with the highest undiagnosed preva-
lence of hypertension being observed in South Africa. China
had the lowest prevalence of undiagnosed disease for all 6
chronic conditions, except hypertension. India had the high-
est prevalences of undiagnosed angina, asthma, and depres-
sion. Except for hypertension, South Africa and Mexico had
more or less similar prevalences of undiagnosed NCDs. The
rates of untreated morbidity were remarkably high for all 6
diseases in all SAGE countries.

Table 5. Odds Ratios (Logit Model Estimates) for Factors Associated With the Prevalence of Undiagnosed Chronic Diseases in the Study on
Global Ageing and Adult Health (Wave 1), 2007–2010

Covariate
Angina Arthritis Asthma Chronic Lung

Disease Depression Hypertension

OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI

Socioeconomic status

Years of schooling

No schooling 1.85 1.27, 2.70 1.69 1.09, 2.62 1.77 1.20, 2.61 2.18 1.46, 3.23 1.44 1.05, 1.99 1.40 1.18, 1.66

1–5 1.79 1.20, 2.67 1.29 0.85, 1.96 1.59 1.08, 2.35 2.03 1.45, 2.84 1.11 0.79, 1.56 1.34 1.11, 1.61

6–9 1.41 0.91, 2.16 1.35 0.88, 2.06 1.40 0.99, 1.98 1.64 1.14, 2.36 1.24 0.80, 1.91 1.23 1.04, 1.45

≥10 (referent)

Wealth quintile

Q1 (lowest) 2.13 1.46, 3.11 1.33 0.99, 1.78 1.36 0.95, 1.95 1.64 1.23, 2.19 1.74 1.31, 2.30 1.37 1.13, 1.65

Q2 1.60 1.16, 2.22 1.38 1.07, 1.78 1.47 1.07, 2.02 1.33 0.94, 1.89 1.74 1.33, 2.29 1.20 1.00, 1.43

Q3 1.78 1.22, 2.59 1.19 0.91, 1.55 1.40 0.95, 2.06 1.60 1.13, 2.28 1.70 1.19, 2.43 1.14 0.97, 1.34

Q4 1.51 1.05, 2.15 1.36 0.86, 2.16 1.06 0.76, 1.47 1.25 0.91, 1.71 1.27 0.99, 1.63 1.26 1.05, 1.50

Q5 (highest; referent)

Country

India 1.72 1.07, 2.74 0.80 0.47, 1.34 0.94 0.56, 1.59 0.88 0.58, 1.34 3.70 2.19, 6.25 0.75 0.56, 0.99

China 0.19 0.13, 0.28 0.40 0.24, 0.66 0.43 0.27, 0.68 0.23 0.15, 0.34 0.33 0.20, 0.55 1.68 1.29, 2.19

Ghana 1.18 0.78, 1.78 1.17 0.72, 1.90 0.28 0.16, 0.48 0.19 0.12, 0.30 1.37 0.85, 2.21 2.56 1.92, 3.41

Mexico 1.42 0.68, 2.98 0.54 0.31, 0.92 0.59 0.32, 1.12 0.69 0.42, 1.13 0.70 0.41, 1.19 1.71 1.12, 2.61

South Africa 0.49 0.31, 0.79 0.59 0.36, 0.95 0.51 0.30, 0.85 0.30 0.19, 0.47 0.59 0.34, 1.01 3.07 2.32, 4.07

Russia (referent)

Age group, years

50–59 (referent)

60–69 1.39 1.17, 1.65 1.02 0.83, 1.25 1.36 1.10, 1.70 1.46 1.20, 1.78 1.27 0.96, 1.67 1.04 0.93, 1.17

≥70 1.31 0.99, 1.74 1.01 0.77, 1.32 1.54 1.19, 2.00 1.73 1.37, 2.20 1.31 1.00, 1.73 1.00 0.88, 1.15

Residence

Urban (referent)

Rural 0.95 0.61, 1.50 1.28 0.84, 1.93 1.16 0.73, 1.84 1.07 0.82, 1.39 0.94 0.64, 1.39 1.41 1.22, 1.63

Sex

Male (referent)

Female 1.78 1.38, 2.29 1.33 0.99, 1.78 0.78 0.63, 0.96 0.98 0.81, 1.19 1.20 1.00, 1.45 0.79 0.72, 0.87

Marital status

Never married (referent)

Currently married/cohabiting 2.07 1.15, 3.70 1.64 0.75, 3.61 0.67 0.31, 1.44 0.83 0.43, 1.62 1.03 0.60, 1.77 0.76 0.55, 1.03

Widow/divorced/separated 1.74 0.95, 3.18 1.33 0.62, 2.84 0.68 0.32, 1.48 0.87 0.44, 1.71 1.16 0.67, 2.00 0.81 0.58, 1.14

Abbreviations: CI, confidence interval; OR, odds ratio; Q, quintile.
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Prevalences of self-reported, algorithm/measured test-
based, and undiagnosed chronic disease were higher in older
age groups. However, the age associations were less consis-
tent for untreated chronic diseases. Overall, women had
higher prevalences of self-reported, algorithm/measured
test-based, undiagnosed, and untreated NCDs. Higher levels
of education and wealth significantly reduced the odds of
undiagnosed conditions and untreated morbidity. This was
reported in earlier studies examining inequalities in health-
care access and receipt of treatment for NCDs (37, 38).

Our finding of high prevalence of undiagnosed and un-
treated NCDs points to multiple gaps in NCD health-care pro-
vision in LMICs. Such gaps are known to exist in all the
building blocks of the health system—namely governance,
policies and plans, health-care delivery, health information sys-
tems, the health workforce, and access to essential technologies
and medicines (1, 4, 39, 40). For example, a large proportion
of people with high cardiovascular risk remain undiagnosed
(41, 42), and even those diagnosed have insufficient access to
treatment at the primary-care level (39). One of the major

Table 6. Socioeconomic and Demographic Covariates of Untreated Morbidity in the Past 12 Months for Each of 6 Chronic Diseases in the Study
on Global Ageing and Adult Health (Wave 1), 2007–2010

Covariate
Angina Arthritis Asthma Chronic Lung

Disease Depression Hypertension

OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI

Socioeconomic status

Years of schooling

No schooling 1.93 1.20, 3.09 1.32 0.88, 1.98 1.28 0.72, 2.27 1.70 1.13, 2.54 2.92 1.44, 5.96 1.67 1.29, 2.15

1–5 1.19 0.77, 1.84 0.96 0.63, 1.47 1.31 0.77, 2.22 1.48 1.03, 2.12 1.35 0.74, 2.47 1.45 1.13, 1.87

6–9 0.91 0.60, 1.38 1.20 0.83, 1.72 1.24 0.77, 1.99 1.20 0.85, 1.68 1.18 0.60, 2.30 1.23 0.99, 1.52

≥10 (referent)

Wealth quintile

Q1 (lowest) 2.25 1.43, 3.55 1.33 0.92, 1.93 0.94 0.58, 1.53 1.18 0.81, 1.71 1.27 0.64, 2.52 2.43 1.77, 3.35

Q2 1.88 1.20, 2.95 1.15 0.81, 1.62 1.30 0.84, 2.01 1.30 0.84, 2.02 0.64 0.33, 1.27 1.74 1.31, 2.32

Q3 1.24 0.74, 2.08 1.09 0.78, 1.53 0.98 0.59, 1.64 1.23 0.84, 1.80 0.91 0.43, 1.93 1.47 1.13, 1.91

Q4 1.32 0.79, 2.22 1.19 0.76, 1.88 0.76 0.50, 1.17 1.53 1.07, 2.21 0.39 0.18, 0.82 1.35 1.03, 1.77

Q5 (highest; referent)

Country

India 9.83 6.11, 15.81 1.61 0.99, 2.62 0.48 0.24, 0.96 2.37 1.20, 4.71 2.81 1.25, 6.31 2.60 1.85, 3.66

China 0.85 0.55, 1.32 1.05 0.68, 1.63 0.89 0.48, 1.65 0.39 0.25, 0.61 2.39 1.04, 5.50 2.76 2.08, 3.67

Ghana 11.71 7.13, 19.22 3.10 1.91, 5.04 0.53 0.27, 1.06 4.95 2.50, 9.82 2.12 0.96, 4.68 6.99 4.99, 9.78

Mexico 32.66 10.32, 103.4 3.05 1.45, 6.40 2.32 0.90, 5.97 6.80 3.52, 13.12 1.08 0.37, 3.15 3.38 2.18, 5.25

South Africa 3.70 2.11, 6.48 1.01 0.64, 1.59 0.32 0.16, 0.63 1.44 0.78, 2.67 0.42 0.19, 0.90 3.32 2.44, 4.53

Russia (referent)

Age group, years

50–59 (referent)

60–69 0.96 0.68, 1.35 0.82 0.64, 1.05 0.78 0.53, 1.14 1.04 0.76, 1.43 1.59 0.85, 2.95 0.69 0.59, 0.81

≥70 0.48 0.32, 0.71 0.79 0.59, 1.06 0.75 0.54, 1.04 1.01 0.71, 1.42 0.88 0.46, 1.69 0.51 0.42, 0.60

Residence

Urban (referent)

Rural 1.01 0.69, 1.48 1.28 0.90, 1.83 1.30 0.75, 2.24 1.23 0.78, 1.95 0.89 0.49, 1.62 1.45 1.18, 1.79

Sex

Male (referent)

Female 1.75 1.20, 2.55 1.05 0.78, 1.41 1.12 0.80, 1.58 1.57 1.20, 2.04 0.66 0.37, 1.16 0.55 0.46, 0.65

Marital status

Never married (referent)

Currently married/
cohabiting

1.79 0.82, 3.90 1.20 0.65, 2.22 0.64 0.27, 1.51 1.27 0.64, 2.53 0.36 0.10, 1.25 0.87 0.56, 1.34

Widow/divorced/
separated

1.53 0.69, 3.39 0.91 0.48, 1.74 0.51 0.21, 1.24 1.27 0.61, 2.65 0.45 0.14, 1.51 0.88 0.55, 1.40

Abbreviations: CI, confidence interval; OR, odds ratio; Q, quintile.
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problems with NCD care in LMICs is the model of care,
which is basically hospital-centered, where chronic conditions
are treated as serial acute episodes with multiple visits to the
hospital (4). Since chronic diseases need continuity of care, a
hospital-centered approach may force patients to discontinue
treatment or not seek treatment at all on account of financial
constraints and limitations in access. Alongside systematic de-
ficiencies in health-care delivery, persistent poverty and socio-
economic disparities in access to social and material resources
in LMICs cause underutilization of health-care, which in turn
leads to undiagnosed and untreated diseases (43).

These findings should be viewed in the light of following
limitations. Undiagnosed disease prevalence was estimated as
the proportion of older adults who failed to report having a
disease yet exhibited a positive algorithm/measured test-
based diagnosis. Given the limitations of algorithm-based
measures (22), the symptom-based estimates used here may
not have measured the prevalence of the undiagnosed chronic
diseases with complete accuracy. However, more accurate
clinical diagnostic procedures are often not feasible in large
population-based surveys; thus, well-tested symptom-based
assessments provide a pragmatic alternative (22). Import-
antly, these findings provide some insight into the undiag-
nosed prevalence of 6 chronic diseases. It is also noteworthy
that cases of asthma and chronic obstructive pulmonary dis-
ease might overlap somewhat, as these 2 conditions share
similar symptoms. Despite these limitations, this study pro-
vides new evidence of the high burden of undiagnosed and
untreated diseases among older adults in a set of LMICs. It
dispels the myth that these conditions impose a high health
burden primarily in high-income countries and points to the
marked treatment gap that exists in these countries as they
move towards providing universal health coverage.

Alongside these limitations, this study had a number of
strengths. First, the SAGE data set provided nationally rep-
resentative estimates of the undiagnosed and untreated
prevalence of 6 major chronic conditions in 6 LMICs. These
6 countries were home to 42% of the world’s 1.4 billion
people aged 50 years or older in 2010, 40% of the 771 mil-
lion persons aged 60 years or older, and 38% of the 354 mil-
lion people aged 70 years or older (44). Given that these are
representative data, the findings presented here would be
likely to represent around 50% of the world’s older adult
population. Additionally, the SAGE countries were stra-
tegically selected to capture populations from LMICs from
all continents: According to the 2007 World Bank classifica-
tion, Ghana and India were considered low-income coun-
tries and China, Mexico, Russia, and South Africa were
considered middle-income countries (45). In addition, the
prevalences of undiagnosed and untreated NCDs provided
in this study were not available from previous studies; there-
fore, these findings have vital implications for health-care
planning regarding NCDs in these countries.

In conclusion, LMICs face a substantial burden of chronic
diseases, much of it undiagnosed and thus underestimated
by self-reporting alone. This study revealed much higher
algorithm/measured test-based prevalence rates of angina,
chronic lung disease, depression, and hypertension than have
been indicated by self-reports alone (21, 22). Furthermore, the
high prevalence of undiagnosed NCDs and the even higher

proportion of untreated NCDs demonstrate the inadequacy of
current NCD diagnosis and management strategies in LMIC
health-care systems. The results also show not only a higher
burden of disease among women and low-SES individuals but
also higher odds of undiagnosed and untreated disease among
these groups, indicating inequities in health management as
well as in disease risk. Future studies should incorporate more
objective NCD measures to obtain an accurate measurement
of chronic disease burden and to refine symptom-based algo-
rithms based on robust validations; these efforts will also help
ensure that all persons with a health condition receive proper
diagnosis and treatment, ultimately alleviating the consider-
able burden of NCDs internationally.
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