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Abstract
Background: The 2015 Global Burden of Disease Study estimated that oral conditions affect 3.5 billion people worldwide
with a higher burden among older adults and those who are socially and economically disadvantaged. Studies of
inequalities in the use of oral health services by those in need have been conducted in high-income countries but
evidence from low- and middle-income countries (LMICs) is limited. This study measures and describes socioeconomic
inequality in self-reported unmet need for oral health services in adults aged 50 years and over, in China, Ghana and India.
Methods: A cross-sectional analysis of national survey data from the WHO SAGE Wave 1 (2007–2010) was conducted.
Study samples in China (n = 1591), Ghana (n = 425) and India (n = 1307) were conditioned on self-reported need for oral
health services in the previous 12 months. The binary dependent variable, unmet need for oral health services, was derived
from questions about self-reported need and service use. Prevalence was estimated by country. Unmet need was
measured and compared in terms of relative levels of education and household wealth. The methods were logistic
regression and the relative index of inequality (RII). Models were adjusted for age, sex, area of residence, marital status, work
status and self-rated health.
Results: The prevalence of unmet need was 60, 80, and 62% in China, Ghana and India respectively. The adjusted
RII for education was statistically significant for China (1.5, 95% CI:1.2–1.9), Ghana (1.4, 95% CI: 1.1–1.7), and India
(1.5, 95% CI:1.2–2.0), whereas the adjusted RII for wealth was significant only in Ghana (1.3, 95% CI:1.1–1.6). Male
sex was significantly associated with self-reported unmet need for oral health services in India.
Conclusions: Given rapid population ageing, further evidence of socioeconomic inequalities in unmet need for
oral health services by older adults in LMICs is needed to inform policies to mitigate inequalities in the availability
of oral health services. Oral health is a universal public health issue requiring attention and action on multiple
levels and across the public private divide.
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Background
The FDI (fédération dentaire internationale) or World
Dental Federation defined oral health as a multifaceted
health state and a fundamental component of overall
health and mental well-being, reflected by the physiological,
social, and psychological attributes which are essential for
quality of life [1]. Oral diseases are among the highest
prevalent health conditions in the world and they pose
major public health challenges. The 2015 Global Burden of
Disease Study estimated that oral diseases and conditions
(untreated caries, severe periodontitis, and edentulism)
affect 3.5 billion people worldwide [2]. Disability adjusted
life-years due to oral conditions increased by 64% from
10.3 to 16.9 million between 1990 and 2015, largely as a
consequence of population growth and ageing [2].
In 2015, the global proportion of people aged 65 years
and over was 8.5%. By 2050, this segment of the population will comprise about 16.7% of the estimated total
global population of 9.4 billion people [3]. In sheer numbers this translates to an average annual increase of 27.1
million people aged 65 years and over between 2015 and
2050 [3]. With greater numbers of people living to older
age, the need for oral health services will also increase.
Because of the cumulative effect of social and economic
factors that impact on access to health care and the lack
of priority given to oral health in general, older adults
may have limited resources and opportunities to meet
their ongoing oral health care needs [4].
Inequalities in oral disease are of global public health
concern [5]. Oral health is distributed unequally between
rich and poor countries with lowest coverage in low-income countries (LICs) [6]. In the World Health Surveys
(2002–2004) the proportion of adults aged 65–74 who
reported teeth or mouth problems was 40% in LICs
compared with 30% in high-income countries (HICs),
and the proportion of people who reported receiving
oral health care was 30% in LICs in contrast to 75% in
HICs [5]. Edentulism is a marker of poor oral health in
low-and middle-income countries (LMICs) where service coverage is low. An analyses of cross sectional data
from the World Health Organization (WHO) Study on
AGEing and adult health (SAGE) Wave 1 demonstrated
that people aged 50 and over were more likely to be
edentulous in India than in China [7, 8]. Oral health
service use is influenced by the availability of trained
personnel and specialised resources. In 2015 the dentistto-population ratio was approximately 1:150,000 in
countries in the African region, compared with 1: 2000
in HICs [9–11].
There are inequalities in oral health between different
social groupings in rich and poor countries. A multicountry study of adults aged 50 years and over in fourteen European countries reported higher rates of oral
health service use among high- compared with
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low-income population groups [12]. Socioeconomic inequalities in oral health service have been reported for
HICs such as Australia [13], Denmark [14], Sweden [15]
and the United States [16]. Research in Nigeria [17] and
China [18] demonstrated that people of lower socioeconomic position had lower oral health service use compared with those who were relatively socioeconomically
advantaged. More international studies of oral health use
are needed, particularly in LMICs where dental infrastructure is limited and health burdens from oral diseases are
rising.
The same social determinants that apply to general
health also apply to oral health whereby the burden is
higher among those who, for example, have less wealth
and education, and experience poor housing and working conditions. Older people without access to adequate
social protection are a vulnerable segment of the population [19–21] and social and economic factors, such as
lower education and household wealth, are associated
with the use of dental services [7, 8].
Unmet need is one of the indicators used to monitor
inequalities in access to and use of health services. This
can be assessed by asking survey respondents whether
there was a time (usually in the prior 12 months) when
they needed health services but did not receive them
[22, 23]. Unmet need, so defined, is captured in international studies such as the Survey on Health, Ageing
and Retirement, the European Union Survey of Income
and Living Conditions, and WHO-SAGE [22, 24]. This
study investigates socioeconomic patterning of self-reported
need for oral health services in China, Ghana and India –
three LMICs at different stages of social and economic
development.
China is a rapidly developing country of 1.4 billion
people, a substantial proportion of whom are already beyond mid-age. In 2017 the proportion of China’s population aged 60 and over was 16% [25]. Since the late 1970s
China has undergone rapid economic development which
has led to increases in per capita income, declines in average poverty rates and better public health care. Yet despite
these aggregate improvements, inequalities in wealth and
health have widened in recent decades and there are well
documented social gradients in health and access to care
[26, 27]. Many poor people are living longer but experiencing chronic illnesses [28–30]. Dental caries and periodontal diseases are increasing in prevalence [31]. Although
China’s reform agenda includes universal insurance for
preventive and curative oral services [32] and increased
training positions for dental professionals, the population
remains underserved by oral health services [30].
Ghana is a lower middle-income country on the west
coast of the African continent. In 2017 the population of
Ghana was 28.8 million [25]. People are living longer, and
although infectious diseases still contribute the largest
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share of the country’s disease burden, chronic diseases are
increasing in prevalence [33, 34]. Social security protection, health insurance and health care resources are deficient, particularly for the aged. Ghana has a ratio of one
dentist per 104,000 population [35] which compares with
about one to 2000 in many HICs. In Ghana 75% of working dentists are located in urban areas and consequently
rural areas are underserved [35].
With a population of 1.3 billion people, India is the
world’s second most populous country, after China. Economic growth has been relatively slower than China’s,
and poverty rates are higher. Health care is mostly delivered through a large unregulated private sector [36]. Unlike China [29], India still faces a double burden of both
communicable and non-communicable diseases (NCDs)
[36]. Although oral health policy was introduced into India’s National Health Policy in the 1990s, progress has
been slow [37]. The poor do not use dental services to
the same extent as the rich and affordability is a barrier
for use [37, 38].
Poor oral health can have a deleterious impact on
older adults’ quality of life. Oral diseases can be chronic,
and they have many risk factors in common with other
NCDs [19, 39]. People with greater resources, generally
have relatively more opportunities to access professional
care and treatment to meet their oral health needs [5, 9].
Yet most of this evidence originates from studies conducted
in better resourced HICs [40]. Greater understanding of
these issues is important for designing and implementing
targeted policies to improve the oral health of populations
in LMICs.
The aim of this study is to measure and describe education and wealth socioeconomic inequalities in self-reported
unmet need for oral health services among adults, aged 50
and over, in China, Ghana and India. Based on our reading
of the literature, we hypothesise that inequalities in unmet
need will follow a similar pattern to that of inequalities in
oral health whereby those with lower wealth and education
have more unmet need for oral health services. Considering country income levels, we also hypothesise that unmet
need for oral health care is highest in Ghana, the poorest
of the three countries, and lowest in China, the richest of
these three countries.

Methods
Data source

The data source, WHO SAGE Wave 1 (2007–2010), is a
longitudinal study of nationally representative samples
of adults aged 50 years and over in China, Ghana, India,
Mexico, Russia and South Africa. In this study we draw
on the cross-sectional results of WHO SAGE Wave 1
national surveys implemented between 2007 and 2010 in
China, Ghana and India. Data were obtained from
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self-reported responses to validated structured household
and individual questionnaires.
WHO-SAGE Wave 1 used a stratified random sampling
frame. Sampling weights were applied to adjust for age
and sex distributions, urban and rural localities and nonresponse. In China the sample was stratified into eight nationally representative provinces. The Ghana sample was
stratified by administrative region and urban or rural locality, giving eighteen nationally representative strata. In
India states were selected in accordance with geographic
location and level of development. The sample in India
was stratified by state and urban or rural locality giving 12
nationally representative strata [41].
Data collection in Ghana and India was through faceto-face paper and pencil interviews. In China 50% of the
data were collected by face-to-face computer assisted
personal interviews and 50% by face-to-face paper and
pencil interviews [41]. A standardised questionnaire was
used in all countries. Questionnaires were translated into
local languages, validated and then back-translated. Interviews were conducted by trained interviewers in culturally appropriate settings. WHO protocols were closely
monitored throughout data collection [42].
WHO-SAGE country data sets and sampling weights,
are in the public domain. Further details of WHO-SAGE
are provided elsewhere [43].
Study population

WHO SAGE Wave 1 included 47,443 respondents aged
18 and over. This analysis covers samples drawn from
SAGE respondents aged 50 and above in China (n = 15,050),
Ghana (n = 5565) and India (n = 12,198). Response rates
were 93, 80, and 68% in respectively [44]. Respondents less
than 50 years of age in China (1636), Ghana (805) and India
(4670) were excluded as were those who did not complete
the WHO-SAGE individual questionnaire - China (n = 237),
Ghana (463) and India (968).
Respondents who completed the surveys and were
aged 50 years and over were: 13,177 in China, 4297 in
Ghana and 6560 in India. The country samples were further conditioned on self-reported need for oral health
services elicited from two key questions outlined in the
section below. Only those respondents who expressed a
need for oral health services were included giving 1607
in the China sample, 431 in the Ghana sample and 1316
in the India sample. A further 31 records were excluded
due to missing data on key variables (China 16, Ghana 6
and India 9).
The Mexican (n = 5548) Russian (n = 4947) and South
African (n = 4227) samples were not analysed here because of high percentages of missing data on the study
variables (52 and 13% in Mexico and Russia respectively)
and small sample sizes after conditioning for self-reported
need for oral health (e.g. 81 in South Africa). See Fig. 1.
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Fig. 1 Flowchart of participants in the study. Data source – WHO Study on global AGEing and adult health (SAGE) Wave 1 (2007–2010)

Dependent variable

The dependent variable, unmet need for oral health services, was derived from self-reported answers to two survey questions: 1) “Have you had any problems with your
mouth/teeth during the last 12 months?” and 2) “Have
you received any medication or treatment from a dentist
or any other oral health specialist during the last two
weeks or 12 months?” Only respondents who answered
“yes” to the first question were considered for the second question. A binary indicator variable (unmet need)
was derived from answers to the second question - those
who responded “yes” were classified as having no unmet
need for oral health services in the prior 12 months and
those who responded “no” were classified as having
unmet need in the prior 12 months.
Socioeconomic variables

Two categorical independent variables – household wealth
and education – were the socioeconomic measures used to

quantify inequality in self-reported unmet need for oral
health services.
The household wealth variable was based on information on ownership of household assets reported in the
WHO-SAGE household questionnaire. This included
ownership of durable goods (e.g. car, television, radio,
and refrigerator), household characteristics (e.g. type of
windows, roof and floor material), and access to basic
services (e.g. source of water and electricity). Principal
component analysis was used to generate weights for
household assets [45]. Wealth quintiles were produced
with quintile one representing the lowest wealth and
quintile five the highest. In this study, the wealth quintiles were recoded with quintile one representing the
highest wealth and quintile five the lowest.
The education variable was derived from two survey
questions “Have you ever been to school?” and “What is
your highest level of education completed?” The variable
indicated the highest reported level of education and
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was categorized in four groups; university or higher,
secondary, primary, and no schooling.
Covariates

Covariates were: sex (male or female); age categorized as
50–59 years, 60–69 years, 70–79 years, and 80 years and
over; area of residence (urban or rural); marital status
(never married versus married or cohabiting versus
widowed, divorced or separated); work status (never
worked versus currently working versus currently not
working), and self-rated health (good versus moderate
versus bad).
Statistical analysis

Only records with complete data on all study variables
were included in these analyses. Survey sampling weights
were used in all analyses. Descriptions of the country samples are given by absolute numbers and weighted percentages. The prevalence of unmet need was estimated with
95% confidence intervals (CIs) to allow statistical comparison between countries.
Logistic regressions were used to measure inequalities
in unmet need. Univariable models were derived separately
for household wealth and education. Multivariable models,
controlling for age, sex, area of residence, marital status,
work status, and self-rated health, were conducted separately for household wealth and education to adjust
for potential confounding. Odds ratios (ORs), 95% CIs
and p-values are reported.
The relative index of inequality (RII) was used to separately measure inequalities in unmet need for oral health
services in terms of household wealth and education.
The RII is a summary measure which quantifies relative
socioeconomic inequalities in an outcome by taking into
account the size of the population across ordered socioeconomic categories [46]. Here we have two RIIs – one
for household wealth and one for education. The RII is defined as the ratio of the estimated prevalence of unmet
need (for oral health services) between the poorest and
wealthiest or between the least educated and the most educated. If, for example, the RII for wealth is 1.6 and statistically significant this means that the estimated prevalence
of unmet need is 1.6 times higher among the poorest
group compared with wealthiest group. If the RII is close
to one (or not statistically significant) then we can say that
there is no evidence of socioeconomic inequality. If the
score is less than one and significant, for example 0.5, then
in this example, the unmet need would be 50% lower in
the poorer group.
One of the strengths of the RII is that it takes the size
of the population across socioeconomic categories into
account. In order to compute the RII it is necessary to
arrange the sample into the socioeconomic categories.
Each group is characterized by a “ridit” which corresponds
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to the average cumulative frequencies of each of the
groups [46]. The RII is computed by regressing ridit
scores on the outcome. This makes it possible to adjust
for possible confounding by undertaking multivariable
analyses. The adjusted models control for the possible
confounding effects of sex, age, area of residence, marital
status, work status and self-rated health in self-reported
unmet need.
We did not conduct a pooled multi-country analysis
with a “country” variable for a couple of reasons. First, a
large number of countries would have been needed to
estimate country effects reliably. Second, the country sample was defined in accordance with the way in which respondents answered questions about oral health services
and we were concerned that differences in the distributions of responses (to the oral health questions) in each of
the countries would have led to bias in a pooled analysis.
Coefficients were obtained by Poisson models using
the logarithmic link function expressed as exp.(β). All
statistical analyses were carried out using STATA 13
software (StataCorp, 2013).

Results
The final country samples of adults aged 50 years and
over with complete data on all study variables were 1591
in China, 425 in Ghana, and 1307 in India. See Fig. 1.
Sample characteristics

The distribution of selected demographic and socioeconomic characteristics in the country samples is given in
Table 1. The proportions of females to males were just
above 50% in China and India and just under 50% in
Ghana. Just over one-third of the adults were aged 50–
59 years. Approximately 62% in China and Ghana, and
73% in India were rural residents. Around 20% of the
adults belonged to the lowest wealth group in each
country. A high proportion had no schooling; just over
50% in India and Ghana, and about 32% in China; about
3% had university level education in all three countries.
Socio-demographic characteristics and prevalence of
self-reported unmet need

Table 2 shows the weighted prevalence of self-reported
unmet need for oral health among adults aged 50 years
and over in China, Ghana, and India. Prevalence was
highest in Ghana (80%) followed by India (62%) and
then China (60%). In China the prevalence of unmet
need was higher in females (52% versus 48% in males),
in Ghana the prevalence was higher in males (55% versus
45% in females) and in India the prevalence was approximately equal for males and females. Unmet need was
more prevalent in rural areas in all three countries. In
China the prevalence was 71% in rural areas and 29% in
urban areas, in Ghana the prevalence was 66% in rural
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Table 1 Socio-demographic descriptors of respondents who self-reported oral health problems in year prior, adults aged 50 years
and over in China, Ghana, and India, 2007-2010a
China (1591)
Sex

Age (years)

Residence

Marital status

Household wealth (quintiles)

Education

Work status

Self-rated health

Ghana (425)

India (1307)
n (%)

n (%)

n (%)

Male

725 (47.85)

218 (54.20)

614 (48.23)

Female

866 (52.15)

207 (45.80)

693 (51.77)

50–59

508 (34.50)

149 (36.75)

452 (39.74)

60–69

491 (32.79)

109 (25.04)

455 (32.51)

70–79

437 (24.54)

111 (25.99)

285 (20.63)

80+

155 (08.16)

56 (12.22)

115 (07.11)

Urban

606 (37.73)

162 (37.06)

285 (27.30)

Rural

985 (62.27)

263 (62.94)

1022 (72.70)

Never married

13 (01.08)

3 (00.95)

16 (00.93)

Married/cohabiting

1241 (80.77)

224 (57.13)

870 (70.93)

Divorced/separated

337 (18.15)

198 (41.92)

421 (28.14)

1 (Highest)

242 (16.40)

81 (19.24)

273 (22.79)

2

297 (21.21)

88 (21.59)

253 (17.95)

3

323 (22.13)

84 (21.37)

260 (20.32)

4

330 (19.97)

78 (16.86)

270 (18.68)

5 (Lowest)

399 (20.29)

94 (20.94)

251 (20.26)

University

58 (03.43)

13 (03.20)

36 (03.56)

Secondary

351 (22.50)

91 (21.56)

190 (17.22)

Primary

631 (41.93)

81 (20.71)

343 (25.90)

No-school

551 (32.14)

240 (54.53)

738 (53.33)

Never worked

126 (06.61)

1 (00.17)

381 (26.83)

Current worker

681 (45.34)

281 (67.13)

447 (37.73)

Non-current worker

784 (48.06)

143 (32.70)

479 (35.44)

Good

377 (25.27)

140 (34.39)

260 (23.10)

Moderate

715 (43.15)

170 (39.90)

642 (46.01)

Bad

499 (31.58)

115 (25.71)

405 (30.89)

Data source – WHO Study on global AGEing and adult health (SAGE). [n (%)] Absolute number and weighted percent

a

areas and 34% in urban areas, and in India the prevalence
was 73% in rural areas and 27% in urban areas.
Unadjusted logistic regression: Household wealth and
self-reported unmet need

Unadjusted logistic regression models for household
wealth and education are presented in Table 3. In China,
respondents in the poorest household wealth group were
significantly almost three times more likely to report unmet need, compared with those in the richest household
group (OR 2.85: 95% CI: 1.90–4.27). In Ghana respondents in the poorest household wealth group were significantly three times more likely (OR 2.96: 95% CI: 1.20–
7.23) to report unmet need. In India respondents in the
poorest household wealth group were 40% more likely to
report unmet need (OR 1.44: 95% CI: 0.83–2.50) although
this estimate was not statistically significant.

Unadjusted logistic regression: Education and self-reported
unmet need

The least educated in China were significantly six
times more likely to report unmet need (OR 6.06:
95% CI: 2.27–16.17), and over six times more likely
in Ghana (OR 6.39: 95% CI: 2.31–17.71). In India
the least educated were almost five and a half times
more likely to report unmet need (OR 5.40: 95% CI:
1.53–19.05).

Unadjusted logistic regression: Covariates and self-reported
unmet need

Age was significant and inversely associated with self-reported unmet need in China and India, rural residence
was significantly associated with unmet need in China as
was “bad” self-reported health.
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Table 2 Prevalence of self-reported unmet need for oral health services by characteristics, adults aged 50 years and over in China,
Ghana, and India, 2007-2010a
China
N = 1591
Unmet need
Total
Sex

Age (years)

Residence

Marital status

Wealth status

Education

Work status

Self-rated health

n

% (CI)

927

60.00 (56.18–63.70)

Male

422

47.79 (43.99–51.61)

Female

505

52.21 (48.39–56.01)

Ghana
N = 425
p-value
0.961
p < 0.001

n

% (CI)

348

80.34 (75.42–84-48)

182

55.05 (48.51–61.42)

166

44.95 (38.58–51.49)

India
N = 1307
p-value
0.507

% (CI)

810

61.97 (56.92–66.77)

395

50.43 (44.41–56.43)

415

49.57 (43.57–55.59)

50–59

242

29.91 (27.24–32.72)

118

34.83 (28.41–41.86)

237

33.15 (29.10–37.47)

60–69

278

32.52 (29.67–35.50)

94

26.73 (21.93–32.14)

283

33.17 (28.58–38.11)

70–79

291

26.81 (22.71–31.35)

87

25.11 (20.11–30.86)

202

24.83 (20.62–29.57)

80+

116

10.77 (08.11–14.15)

49

13.34 (09.88–17.77)

88

08.85 (06.60–11.78)

121

34.27 (28.26–40.82)

227

65.73 (59.18–71.74)

Urban

276

29.09 (24.83–33.76)

Rural

651

70.91 (66.24–75.17)

No-married

9

01.28 (00.66–02-48)

Married

693

78.73 (75.58–81.58)

Divorce

225

19.98 (17.42–22.82)

1(Highest)

111

13.55 (10.53–17.27)

2

150

3

182

4
5(Lowest)

p < 0.001
0.031

1

00.29 (00.01–02.02)

186

57.58 (51.33–63.74)

161

42.03 (35.87–48.44)

56

15.59 (11.72–20.45)

18.77 (15.33–22.77)

71

22.48 (17.27–28-73)

72

195

20.28 (16.88–24.16)

289

24.92 (20.90–29.43)

p < 0.001

p < 0.001

0.128

n

0.049

0.024

158

26.72 (17.88–37.90)

652

73.28 (62.10–82.12)

13

01.38 (00.56–03.36)

521

68.75 (63.87–73.25)

276

29.87 (25.52–34.62)

152

20.98 (16.91–25.71)

21.69 (16.62–27.79)

160

17.84 (14.47–21.79)

22.71 (17.30–29.21)

156

20.59 (15.00–27.59)

66

17.93 (13.69–23.14)

176

19.12 (15.46–23.41)

83

22.08 (17.83–27.00)

166

21.47 (16.76–27.07)

0.021

University

18

01.84 (00.95–03.56)

7

01.98 (00.92–04.21)

10

01.53 (00.60–03.84)

Secondary

152

18.02 (14.74–21.84)

73

20.89 (16.11–26.64)

0.004

104

16.70 (12.56–21.86)

Primary

356

40.40 (36.57–44.35)

60

18.55 (13.99–24.17)

195

24.89 (20.70–29.60)

No school

401

39.74 (36.29–43.29)

208

58.58 (51.46–65.36)

501

56.89 (49.97–63.55)

0

0.00

222

27.14 (22.75–32.03)

228

66.82 (60.30–72.75)

253

33.37 (28.44–38.70)

120

33.18 (27.25–39.70)

112

33.41 (27.73–39.61)

Never work

91

08.24 (05.45–12.29)

working

383

45.37 (39.93–50.93)

Not current

453

46.38 (41.23–51.61)

Good

199

24.13 (20.58–28.07)

0.024

0.007

0.217

0.753

335

39.49 (34.57–44.63)

147

21.16 (14.58–29.68)

Moderate

399

40.40 (37.01–43.88)

141

40.67 (34.44–47.21)

410

47.66 (42.07–53.30)

Bad

329

35.48 (31.57–39.59)

95

25.92 (20.97–31.59)

253

31.18 (25.85–37.06)

p-value
0.2175
p < 0.0001

0.8069

0.0250

0.6890

0.0118

0.0065

0.4663

Data source – WHO Study on global AGEing and adult health (SAGE), 2007–2010
[n] Number of respondents who self-reported unmet need for oral health services
[%(CI)] Weighted percent and Confidence Interval
Statistical significance set at p < 0.05
All significant estimates are bolded

a

Adjusted logistic regression: Household wealth and
self-reported unmet need

The adjusted logistic regression analysis for household
wealth is shown in Table 4. In China, the household
wealth variable attenuated to non-significance after controlling for age, sex, area of residence, marital status,
work status, and self-rated health. In Ghana however,
the association remained significant after controlling for
potential confounders; those in the poorest household
wealth group were almost three times more likely to report unmet need compared with those in the richest
household wealth group (OR 2.84: 95% CI: 1.14–7.11).
Household wealth was not significant in India.

Sex was not significantly associated with self-reported
unmet need except in India where males were 60% more
likely to report unmet need than females (OR 1.61: 95%
CI 1.02–2.54). Sex was not significant in either China,
Ghana or India in the unadjusted analyses (See Table 3).
In China those in the 80+ year age group were almost
three and half times more likely to report unmet need
(OR 3.41: 95% CI 1.83–6.35) compared with those in the
50–59 year age group. In India those in the 80+ year age
group were almost three times more likely to report unmet need compared with the 50–59 year age group (OR
2.89: 95% CI 1.39–5.98). However, the age gradient was
not statistically significant in Ghana. Work status was
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Table 3 Unadjusted associations with self-reported unmet need for oral health services, adults aged 50 years and over in China,
Ghana, and India, 2007-2010a
China (N = 1591)
Unadjusted Model
OR (CI)
Household wealth (quintiles)

Education

Sex

Age (years)

Residence

Marital status

Work status

Self-rated health

Ghana (N = 425)
Unadjusted Model
p-value

OR (CI)

India (N = 1307)
Unadjusted Model
p-value

p-value

1.00

2

1.15 (0.84–1.58)

0.377

2.24 (1.09–4.63)

0.029

1.21 (0.76–1.92)

0.427

3

1.59 (0.97–2.59)

0.064

3.13 (1.24–7.90)

0.016

1.27 (0.76–2.13)

0.361

4

1.59 (0.97–2.59)

0.064

3.15 (1.43–6.92)

0.005

1.31 (0.76–2.26)

0.334

5 (Lowest)

2.85 (1.90–4.27)

p < 0.001

2.96 (1.20–7.23)

0.019

1.44 (0.83–2.50)

0.197

0.144

3.56 (1.05–12.02)

0.041

4.17 (1.20–14.49)

University

1.00

Secondary

1.95 (0.79–4.82)

1.00

OR (CI)

1 (Highest)

1.00

1.00

1.00
0.025

Primary

2.89 (1.15–7.26)

0.025

2.60 (0.82–8.26)

0.104

4.08 (1.15–14.40)

0.029

No school

6.06 (2.27–16.17)

0.001

6.39 (2.31–17.71)

p < 0.001

5.40 (1.53–19.05)

0.009

0.961

1.19 (0.71–1.99)

0.507

1.26 (0.87–1.83)

Female

1.00

Male

0.99 (0.77–1.28)

50–59

1.00

60–69

1.36 (1.04–1.77)

1.00

1.00

1.00
0.026

1.88 (0.97–3.65)

0.218

1.00
0.060

1.61 (1.10–2.34)

0.014

70–79

1.76 (1.21–2.55)

0.004

1.09 (0.58–2.04)

0.797

2.74 (1.85–4.07)

p < 0.001

80+

3.50 (2.10–5.83)

p < 0.001

2.22 (0.87–5.67)

0.093

3.15 (1.61–6.16)

0.001

Urban

1.00

Rural

2.50 (1.85–3.39)

p < 0.001

1.80 (0.99–3.26)

0.051

1.08 (0.58–2.01)

Married

1.00

Divorce

1.38 (1.08–1.77)

0.012

Never married

1.77 (0.62–5.07)

0.280

Current worker

1.00

1.00

1.00

1.00

0.807

1.00

0.96 (0.59–1.59)

0.886

0.08 (0.01–0.85)

0.037

1.00

1.28 (0.95–1.73)

0.108

7.05 (1.31–38.12)

0.023

1.00

Non-current

0.92 (0.69–1.21)

0.531

1.11 (0.62–1.97)

0.732

1.84 (1.29–2.61)

0.001

Never worked

1.98 (1.20–3.29)

0.009

n/a

n/a

1.39 (0.89–2.16)

0.149

Good

1.00

Moderate

0.96 (0.75–1.22)

0.710

1.27 (0.67–2.43)

0.464

1.36 (0.75–2.49)

0.309

Bad

1.54 (1.17–2.04)

0.003

1.20 (0.58–2.47)

0.621

1.27 (0.67–2.40)

0.457

1.00

1.00

Data source – WHO Study on global AGEing and adult health (SAGE), 2007–2010
[OR (CI)] Unadjusted Odds Ratios and 95% Confidence Intervals
Statistical significance set at p < 0.05 (logistic regression)
[n/a] No result due to no observation in the “never worked” group
All significant estimates are bolded

a

statistically significant only in India. Compared with
current workers, non-current workers were 50% more
likely to report unmet need (OR 1.51: 95% CI 1.01–2.25)
and those who had never worked were 75% more likely to
report unmet need (OR 1.75: 95% CI 1.01–3.05).
Adjusted logistic regression: Education and self-reported
unmet need

The adjusted logistic regression analysis for education is
shown in Table 5. In China education attenuated but
remained significant, whereby the least educated were three
times more likely to report unmet need compared with the
most educated (OR 2.87: 95% CI 1.04–7.89) after controlling
for age, sex, area of residence, marital status, work status,

and self-rated health. In Ghana the odds of unmet need
were over eight times higher in the no schooling group
compared with the university group after controlling for the
confounders, although the wide confidence interval indicates
low precision (OR 8.26: 95% CI 2.81–24.31). In India those
who identified in the no schooling group were seven times
more likely to report unmet need compared with those with
university education (OR 7.05: 95% CI 2.14–23.19) after
controlling for age, sex, area of residence, marital status,
work status, and self-rated health.
In this education model sex was again significantly
associated with self-reported unmet need only in
India where males were twice as likely to report unmet need as females (OR 2.11: 95% CI 1.27–3.50). In
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Table 4 Adjusted logistic regression of household wealth and self-reported unmet need for oral health services, adults aged
50 years and over in China, Ghana, and India, 2007-2010a
China (N = 1591)
Adjusted Model
OR (CI)
Household wealth (quintiles)

Sex

Age (years)

Residence

Marital status

Work status

Self-rated health

1 (Highest)

Ghana (N = 425)
Adjusted Model
p-value

1.00

OR (CI)

India (N = 1307)
Adjusted Model
p-value

1.00

OR (CI)

p-value

1.00

2

0.82 (0.56–1.18)

0.275

2.05 (0.98–4.27)

0.055

1.23 (0.79–1.92)

0.357

3

1.01 (0.59–1.72)

0.978

2.70 (1.10–6.65)

0.030

1.30 (0.76–2.23)

0.335

4

0.79 (0.46–1.36)

0.338

2.90 (1.32–6.37)

0.008

1.40 (0.84–2.34)

0.202

5 (Lowest)

1.23 (0.80–1.90)

0.340

2.84 (1.14–7.11)

0.026

1.65 (0.91–3.00)

0.098

Female

1.00

Male

1.04 (0.81–1.34)

0.762

1.39 (0.67–2.87)

0.369

1.61 (1.02–2.54)

50–59

1.00

60–69

1.24 (0.97–1.58)

0.082

1.75 (0.86–3.60)

0.124

1.48 (1.02–2.14)

1.00

1.00

1.00

0.042

1.00
0.038

70–79

1.77 (1.29–2.44)

0.001

0.97 (0.48–1.97)

0.937

2.52 (1.61–3.95)

p < 0.001

80+

3.41 (1.83–6.35)

p < 0.001

1.86 (0.62–5.65)

0.268

2.89 (1.39–5.98)

0.004

Urban

1.00

Rural

2.99 (2.03–4.42)

p < 0.001

1.38 (0.74–2.56)

Married

1.00

Divorce

0.97 (0.74–1.26)

0.790

1.10 (0.54–2.26)

0.791

1.02 (0.69–1.50)

0.920

Never married

1.25 (0.26–5.96)

0.777

0.08 (0.01–1.19)

0.067

5.17 (0.86–31.07)

0.073

Current worker

1.00

1.00

1.00
0.310

1.00

1.02 (0.58–1.79)

0.955

1.00

1.00

1.00

Non-current

1.33 (0.89–1.99)

0.162

1.19 (0.58–2.43)

0.628

1.51 (1.01–2.25)

0.042

Never worked

1.75 (0.99–3.08)

0.052

n/a

n/a

1.75 (1.01–3.05)

0.049

Good

1.00

Moderate

0.97 (0.73–1.29)

0.850

1.41 (0.71–2.79)

0.321

1.19 (0.69–2.03)

0.529

Bad

1.23 (0.93–1.63)

0.143

1.02 (0.45–2.28)

0.965

0.89 (0.49–1.60)

0.689

1.00

1.00

Data source – WHO Study on global AGEing and adult health (SAGE), 2007–2010
[OR (CI)] Adjusted Odds Ratios and 95% Confidence Intervals
Statistical significance set at p < 0.05 (logistic regression)
[n/a] No result due to no observation in the “never worked” group
All significant estimates are bolded

a

China those who identified in the 80+ year age group
were almost three times more likely to report unmet
need (OR 2.76: 95% CI 1.50–5.07) compared with
those in the 50–59 year age group. In India those in
the 80+ year age group were two and a half times
more likely to report unmet need compared with the
50–59 year age group (OR 2.53: 95% CI 1.20–5.30).
As in the wealth model, the age gradient was not significant in Ghana. Work status was again only statistically significant in India. Compared with current
workers, those who had never worked were about
70% more likely to report unmet need (OR 1.69:95%
CI 1.01–2.83).

unmet need among adults in the poorest household
wealth group were significantly 60% higher than those in
the richest wealth group (RR 1.61: 95% CI: 1.32–1.96).
In Ghana the unadjusted relative risks were significant
and 30% higher with the same comparison (RR 1.29:
95% CI: 1.04–1.61). The unadjusted RII was not statistically significant for household wealth in India.
The unadjusted relative risks of self-reported unmet
need in the least educated group were significantly twice
that of the highest educated group in China (RR 2.05:
95% CI: 1.65–2.56) and significantly one third higher in
Ghana (RR 1.33: 95% CI: 1.09–1.61).
Adjusted RIIs: Household wealth and education

Unadjusted RIIs: Household wealth and education

Table 6 shows unadjusted RIIs for household wealth and
education. In China the relative risks of self-reported

Table 7 gives adjusted RIIs for household wealth and
education, after controlling for possible confounding effects by age, sex, area of residence, marital status, work

Kailembo et al. International Journal for Equity in Health (2018) 17:99

Page 10 of 14

Table 5 Adjusted logistic regression of education and self-reported unmet need for oral health services, adults aged 50 years and
over in China, Ghana, and India, 2007-2010a
China (N = 1591)
Adjusted Model
p-value

OR (CI)
Education

University

Ghana (N = 425)
Adjusted Model
OR (CI)

1.00

India (N = 1307)
Adjusted Model
p-value

1.00

OR (CI)

p-value

1.00

Secondary

1.59 (0.64–3.95)

0.321

3.86 (1.05–14.15)

0.042

4.29 (1.44–12.77)

0.009

Primary

1.70 (0.64–4.49)

0.281

3.44 (1.04–11.35)

0.042

4.44 (1.38–14.27)

0.013

0.041

8.26 (2.81–24.31)

p < 0.001

7.05 (2.14–23.19)

0.001

No schooling

2.87 (1.04–7.89)

Sex

Female

1.00

Male

1.19 (0.91–1.56)

Age (years)

50–59

1.00

60–69

1.22 (0.92–1.61)

0.171

1.67 (0.84–3.33)

0.141

1.39 (0.96–2.02)

0.083

70–79

1.53 (1.09–2.15)

0.015

0.69 (0.33–1.46)

0.330

2.40 (1.48–3.89)

p < 0.001

0.002

1.26 (0.41–3.92)

0.685

2.53 (1.20–5.30)

0.014

Residence

Marital status

Work status

Self-rated health

1.00
0.209

1.67 (0.79–3.51)

1.00
0.178

1.00

80+

2.76 (1.50–5.07)

Urban

1.00

Rural

2.54 (1.82–3.56)

Married

1.00

1.57 (0.85–2.90)

0.004

1.00

1.00
p < 0.001

2.11 (1.27–3.50)

1.00
0.152

1.00

0.92 (0.53–1.59)

0.768

1.00

Divorce

0.93 (0.71–1.22)

0.597

1.20 (0.59–2.47)

0.608

1.02 (0.70–1.49)

0.908

Never married

1.18 (0.32–4.44)

0.800

0.08 (0.01–1.64)

0.099

4.78 (0.82–27.88)

0.082

1.11 (0.55–2.25)

0.767

1.49 (0.99–2.22)

0.053

n/a

n/a

1.69 (1.01–2.83)

0.047

Current worker

1.00

Non-current

1.31 (0.88–1.96)

0.179

1.00

Never worked

1.64 (0.92–2.90)

0.091

Good

1.00

1.00

1.00

1.00

Moderate

1.01 (0.75–1.33)

0.992

1.59 (0.82–3.08)

0.172

1.09 (0.63–1.89)

0.749

Bad

1.23 (0.92–1.64)

0.162

1.21 (0.55–2.65)

0.635

0.86 (0.47–1.57)

0.620

Data source – WHO Study on global AGEing and adult health (SAGE), 2007–2010
[OR (CI)] Adjusted Odds Ratios and 95% Confidence Intervals
Statistical significance set at p < 0.05 (logistic regression)
[n/a] No result due to no observation in the “never worked” group
All significant estimates are bolded

a

1.49: 95% CI: 1.18–1.88) in China, significantly almost 40%
higher in Ghana (RR 1.37: 95% CI: 1.12–1.67) and just over
50% higher in India (RR 1.53: 95% CI: 1.18–1.97).
Comparing the adjusted and unadjusted models, we
see positive attenuation in China and negative attenuation
in India. The net effects of older age, rural residence,
never having worked and having bad self-rated health contributed to the education inequality in China, (Table 3).
However, in India the net effects of the confounders offset

status, and self-rated health. In this adjusted analysis the
RII for household wealth was statistically significant
only in Ghana (p < 0.05) where the relative risk of unmet
need among adults in the poorest compared with the richest household wealth groups was almost 30% higher (RR
1.28: 95% CI 1.04–1.56).
The adjusted relative risks of self-reported unmet need
among the least educated compared with the highest educated group, were significantly almost 50% higher (RR

Table 6 Unadjusted RIIs for self-reported unmet need for oral health services by household wealth and education, adults aged
50 years and over in China, Ghana, and India, 2007-2010a
China (N = 1591)
Unadjusted Model

Ghana (N = 425)
Unadjusted Model

India (N = 1307)
Unadjusted Model

RR (CI)

p-value

RR (CI)

p-value

RR (CI)

p-value

Household wealth

1.61 (1.32–1.96)

p < 0.001

1.29 (1.04–1.61)

0.021

1.17 (0.92–1.50)

0.209

Education

2.05 (1.65–2.56)

p < 0.001

1.33 (1.09–1.61)

0.004

1.37 (0.99–1.88)

0.051

Data source – WHO Study on global AGEing and adult health (SAGE), 2007–2010
[RR (CI)] Relative Risk Ratios and 95% Confidence Intervals
Statistical significance set at p < 0.05 (Relative Index of Inequality)
All significant estimates are bolded

a
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Table 7 Adjusted RIIs for self-reported unmet need for oral health services by household wealth and education, adults aged
50 years and over in China, Ghana, and India, 2007-2010a
China (N = 1591)
Adjusted Model

Ghana (N = 425)
Adjusted Model

India (N = 1307)
Adjusted Model

RR (CI)

p-value

RR (CI)

p-value

RR (CI)

p-value

Household wealth

1.09 (0.89–1.32)

0.401

1.28 (1.04–1.56)

0.018

1.23 (0.97–1.57)

0.089

Education

1.49 (1.18–1.88)

0.001

1.37 (1.12–1.67)

0.002

1.53 (1.18–1.97)

0.001

Data source – WHO Study on global AGEing and adult health (SAGE), 2007–2010
[RR (CI)] Adjusted Relative Risk Ratios and 95% Confidence Intervals
Statistical significance set at p < 0.05 (Relative Index of Inequality)
All significant estimates are bolded

a

the inequality because when they are held constant (in the
adjusted analysis) the inequality increased to significance.
This is also attributed to interaction between sex and education in the India sample. Men were generally more
highly educated than women, and education is negatively
associated unmet need, yet men were more likely to report
unmet need for oral health care. In India therefore, association between education and unmet need was modified by
sex.

Discussion
The prevalence of self-reported unmet need was 60%,
80% and 62% in China, Ghana, and India respectively,
which is consistent with studies that include younger
populations. An analysis of data collected (from adults aged
18 and over) in the World Health Surveys (2002–2004) reported unmet need for oral health services in China at 56%,
Ghana 68%, and India 52% [6]. The proportions of adults
aged 65–74 years with unmet need for oral health care have
been estimated at 70% in the African region and 60% in the
Asian region [47].
When adjusted for age, sex, area of residence, marital
status, work status and self-rated health, the estimated
education RIIs in China and India were similarly high
(1.49 and 1.53 respectively) and significant (p < 0.01). The
lower education RII was in the poorest of the three countries, Ghana (1.37). However, this result may underestimate
“true” unmet need in Ghana where many older, poorer and
less educated people may be unaware of their oral health
service needs. The finding that higher education was protective of unmet need for oral health care in China and
India is consistent with what is known about the take-up
of health promotion messages by more highly educated
groups [48, 49]. China has introduced awareness of oral
health care and illness prevention through mass media
programs such as “National Teeth Day” [30, 50]. A recent
review of oral public health in India concluded that priorities should be directed towards preventive oral health care
by strengthening oral health education and combining oral
health programs with general health care programs [51].
In China, household wealth was protective of unmet
need for oral health services only in the unadjusted regression, suggesting that the confounders contributed to

the wealth inequality. In China oral health care is delivered by a large government controlled public sector with
over 85% of the total expenses covered by patients’ out-of-pocket payments. In recent years the numbers of
dentists and oral health institutions in China have increased although oral health services are not being utilised efficiently [30]. It is important that oral health
services target specific population sub-groups, such as
those who are older, sicker, less educated and living in
rural areas.
The Chinese health care insurance system is undergoing major reforms that are intended to improve access
to affordable health care for all and alleviate inequalities
in access to care that exist for rural residents, low income
households and older adults [52]. Medical insurance for
oral health, including preventive services is a part of the
policy mix. However regardless of improvements in the
average health status of the population in recent decades,
socio-demographic factors contribute to inequalities in
physical and oral health [30].
The RIIs for education and household wealth in Ghana
were consistent across the adjusted and unadjusted
models. Ghana’s government has only recently begun to
prioritise NCDs as an emerging public health threat because the country’s health burden still includes infectious communicable conditions. A study of NCDs in
adults aged 50 and over in Ghana found that 45% reported
having oral health problems compared with 33% who reported hypertension [53]. In Ghana there are major medical workforce shortages with oral health no exception.
Older poorer adults are a vulnerable segment of the population [33]. Many older people in Ghana live in poverty
without access to social services or pensions and as a consequence, face barriers in accessing and using oral and
general health care [35].
The study results did not show significant association
between household wealth and unmet need in India. On
one hand this may be surprising because under India’s
privately controlled health sector, health care is not affordable for a large segment of the population [54, 55].
Yet this can be explained in part by factors that were
not included in the models, for example social and cultural norms and practices. In India there is widespread
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acceptance of self-medication for oral problems and a
common view that tooth loss is a natural and acceptable
part of the ageing process that does not require clinical
intervention [51]. This is compatible with the view in
India that oral health is the responsibility of the individual rather than the state. A national assessment of
oral health care in India from 2004 to 2014 which identified neglect in public health policy and government
responsibility also acknowledged that in addition to
socio-economic factors, customs, cultural values and
attitudes impact on oral health [37].
In the Indian sample the RII for education was not statistically significant in the unadjusted model, but was
significant (p < 0.001) in the presence of age, sex, area of
residence, marital status, work status, and self-rated health.
This can be explained by the interaction between sex and
education with men more highly educated than women,
but also reporting more unmet need. This is indicative of
gender issues in a country in which there is still much discrimination against women [56]. Males are valued more
highly and this impacts on the reporting of health needs.
In addition, oral health policy making in India is fraught
with challenges that include enhancing primary oral health
care, breaking down taboos and myths about oral hygiene
and developing tailored education programs that take into
account the diversity of ethnic groups and their social and
geographic distribution across a very large and widespread
population.
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samples were conditioned according to responses to two
particular questions on oral health. We therefore acknowledge the possibility of sampling bias in the way in which
unmet need was interpreted by respondents. The poor for
example, may not be aware of their oral health needs
because they have more important priorities such as
obtaining and providing sufficient food and clean water
for their families. Although our analyses showed for example that women in India reported less unmet need
than men, we cannot infer from this that women’s oral
health needs were met.
The analyses focused on curative oral health services
in older adults. This was necessary because of data availability however we acknowledge that there is also the need
for preventive interventions and services and that oral
health applies across all age groups. This topic, as well as
gender issues mentioned above, could be the subject of future research using qualitative as well as quantitative
methodologies.
There are many factors associated with the measurement
of oral health in LMICs and we were unable to cover them
all. Psychosocial determinants such as social networks, social capital, self-efficacy, the environment, cultural attitudes
and perceptions and also structural factors including physical infrastructure and supply of health services, medical
insurance and distance to available oral health facilities, are
some areas of follow up for future research.
Policy implications

Strengths and limitations

The study has a number of strengths. In addition to extending the public health literature on oral health inequalities, the analyses contribute evidence of self-reported
unmet need for oral health care by adults aged 50 and
over in three contrasting LMICs. The data were captured
and measured using validated WHO survey instruments.
Survey questions pertaining to self-reported unmet need
are consistent with those used by other international studies including the Survey on Health, Ageing and Retirement and the European Union Survey of Income and
Living Conditions (22). Household wealth, as measured
here using principal component analysis, is stable indicator of socioeconomic position in LMICs [57]. A further
strength is the use of the RII which is a recognised robust
measure of socioeconomic status in populations. Finally,
given the global debates about universal health coverage
and financing, these results can provide a basis for discussion about the need for publicly funded oral health
services [58].
However, there are also some limitations. This was a
cross-sectional analysis and causation cannot be claimed.
Although WHO-SAGE used a stratified multi-stage sampling design to ensure that the country samples were
representative of their national populations, the country

The numbers of older adults will continue to increase in
all parts of the world and LMICs are no exception [3].
The findings suggest questions for policy makers such
as: How will unmet need for oral health care be met?
What strategies are currently available? Given what is
known about the links between NCDs, risk factors and
oral health, what possible joint contributions can oral
health and public health professionals make? [59]. How
will preventive services and oral health education be integrated with curative services? How can taboos and
myths about oral health be changed?
This study establishes the importance of education in
seeking oral health care and supports the case for integrating oral health into general health promotion and
education programmes in LMICs. Lessons should be
learnt from the HICs where the take-up of health promotion messages has been greater among the more highly educated. New ways of targeting less well educated groups
in LMICs with health promotion messages, are needed.
There is now more than ever a need to integrate oral
health into public health policies [7, 60, 61]. New policies
must be backed by sufficient human and other resources
so that unmet need can be firstly recognised, and secondly,
met through skilled service providers. The three countries
in this study are all at different stages of development with
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regard to public oral health and they all face different challenges with regard to identifying and meeting the needs of
their populations. Resources must be committed to oral
health care infrastructure, education, data collection, the
training and location of oral health professionals and oral
health promotion. The goals of universal health coverage must explicitly include oral health. Political commitment and support is needed in all countries. This
resonates with issues raised in the literature regarding
the need for serious policy commitment to dentistry
and oral health worldwide [62].

Conclusions
The findings show that educational attainment is protective
of unmet need for oral health services in three countries at
different levels of social and economic development. Clearly
more oral health needs can be met with increased supply of
oral health professionals – trained with awareness about inequalities - implementing appropriate targeted education
programs directed at all socioeconomic groups, regardless
of wealth and education. Universally oral health is a public
health issue requiring attention and action on multiple
levels and across the public private divide.
Abbreviations
Cis: Confidence intervals; FDI: Fédération dentaire internationale; HICs: Highincome countries; LICs: Low-income countries; LMICs: Low- and middle-income
countries; NCDs: Non-communicable diseases; ORs: Odds ratios; RII: Relative
index of inequality; SAGE: Study on global AGEing and adult health;
WHO: World Health Organization
Acknowledgements
We are grateful to the respondents of SAGE Wave 1 in China, India, Ghana
and South Africa and to the WHO for making the WHO-SAGE dataset publicly
available. Support for the SAGE-Wave 1 was provided by the United States
National Institute on Aging (NIA) Division of Behavioral and Social Research
(BSR) through Interagency Agreements (YA1323–08-CN-0020; Y1-AG-1005–01).
The authors wish to thank their reviewers for providing excellent critical
comment and feedback.
Funding
There are no funding sources to declare regarding the development and
preparation of this manuscript.
Availability of data and materials
The anonymised datasets are in the public domain: http://apps.who.int/
healthinfo/systems/surveydata/index.php/catalog/central
SAGE is committed to the public release of study instruments, protocols and
meta- and micro-data: access is provided upon completion of the Users
Agreement available through WHO’s SAGE website: www.who.int/healthinfo/
systems/sage
The questionnaires and other materials can be found at:
http://www.who.int/healthinfo/sage/cohorts/en/index2.html
Authors’ contributions
AK conceived the study, developed the first draft and undertook the statistical
analyses. RP advised on oral health context. JSW provided direction, expert
advice and critical intellectual input at all stages, reviewed and edited work-inprogress, led the response to the reviewers, and wrote the final version of the
manuscript which was read and approved by all three authors.
Ethics approval and consent to participate
The SAGE study was approved by the Ethics Review Committee, World
Health Organization, Geneva, Switzerland and the individual ethics committees

Page 13 of 14

in each of the SAGE countries. Written informed consent was freely obtained
from each individual participant. Confidential records of participants’ consent
are maintained by WHO-SAGE country teams.
Consent for publication
The data used in this study were provided after completion of User’s agreement
available through World Health Organization website. Informed consent was
obtained from all respondents before the interviews were initiated.
Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Author details
1
Oral Health Programme, Non-Communicable Diseases Cluster, World Health
Organization, PO Box 9292, Dar Es Salaam, Tanzania. 2Umeå International
School of Public Health, Unit of Epidemiology and Global Health,
Department of Public Health and Clinical Medicine, Faculty of Medicine,
Umeå University, SE-90185 Umeå, Sweden. 3Research Centre for Generational
Health and Ageing, Faculty of Health, University of Newcastle, New Lambton
Heights, NSW 2305, Australia.
Received: 13 October 2017 Accepted: 27 June 2018

References
1. Glick M, Williams D. A New Definition of Oral Health: Executive Summary
2016 [Available from: http://www.fdiworldental.org/media/96503/oral_
health_definition-exec_summary-en.pdf.
2. Kassebaum NJ, Smith AGC, Bernabe E, Fleming TD, Reynolds AE, Vos T, et al.
Global, regional, and National Prevalence, incidence, and disability-adjusted
life years for oral conditions for 195 countries, 1990-2015: a systematic
analysis for the global burden of diseases, injuries, and risk factors. J Dent
Res. 2017;96(4):380–7.
3. He W, Goodkind D, Kowal P. Census Bureau, international population
reports. P95/16-1, An Aging World: 2015. Washington: US government
publishing office; 2016.
4. Petersen PE, Yamamoto T. Improving the oral health of older people: the
approach of the WHO global oral health Programme. Community Dent Oral
Epidemiol 33. Denmark2005. p. 81–92.
5. Petersen PE, Kwan S. Equity, social determinants and public health
programmes–the case of oral health. Community Dent Oral Epidemiol.
2011;39(6):481–7.
6. Hosseinpoor AR, Itani L, Petersen PE. Socio-economic inequality in oral
healthcare coverage: results from the world health survey. J Dent Res.
2012;91(3):275–81.
7. Kailembo A, Preet R, Stewart Williams J. Common risk factors and edentulism
in adults, aged 50 years and over, in China, Ghana, India and South Africa:
results from the WHO study on global AGEing and adult health (SAGE). BMC
Oral Health. 2016;17(1):29.
8. Peltzer K, Hewlett S, Yawson AE, Moynihan P, Preet R, Wu F, et al. Prevalence of
loss of all teeth (edentulism) and associated factors in older adults in China,
Ghana, India, Mexico, Russia and South Africa. Int J Environ Res Public Health.
2014;11(11):11308–24.
9. Petersen PE, Bourgeois D, Ogawa H, Estupinan-Day S, Ndiaye C. The global
burden of oral diseases and risks to oral health. Bulletin of the World Health
Organization. 2005;83(9):661–669.
10. Marcenes W, Kassebaum NJ, Bernabe E, Flaxman A, Naghavi M, Lopez A, et
al. Global burden of oral conditions in 1990-2010: a systematic analysis. J
Dent Res 92. United States2013. p. 592–597.
11. FDI. The challenge of oral disease - a call for global action. The oral health
atlas. Second edition ed. Geneva: World Dental Federation; 2015.
12. Listl S. Income-related inequalities in dental service utilization by Europeans
aged 50+. J Dent Res. 2011;90(6):717–23.
13. Do LG, Roberts-Thomson KF. Dental caries experience in the Australian
adult population. Aust Dent J. 2007;52(3):249–51.
14. Petersen PE, Kjoller M, Christensen LB, Krustrup U. Changing dentate status
of adults, use of dental health services, and achievement of national

Kailembo et al. International Journal for Equity in Health (2018) 17:99

15.

16.

17.
18.
19.

20.
21.
22.
23.

24.
25.
26.

27.
28.

29.

30.
31.
32.

33.
34.
35.

36.

37.

38.

39.
40.

dental health goals in Denmark by the year 2000. J Public Health Dent.
2004;64(3):127–35.
Molarius A, Engstrom S, Flink H, Simonsson B, Tegelberg A. Socioeconomic
differences in self-rated oral health and dental care utilisation after the
dental care reform in 2008 in Sweden. BMC Oral Health. 2014;14:134.
Sabbah W, Tsakos G, Sheiham A, Watt RG. The role of health-related
behaviors in the socioeconomic disparities in oral health. Soc Sci Med.
2009;68(2):298–303.
Adegbembo AO. Household utilization of dental services in Ibadan. Nigeria
Community Dent Oral Epidemiol. 1994;22(5 Pt 1):338–9.
Lo EC, Lin HC, Wang ZJ, Wong MC, Schwarz E. Utilization of dental services
in southern China. J Dent Res. 2001;80(5):1471–4.
Sheiham A, Alexander D, Cohen L, Marinho V, Moyses S, Petersen PE, et al.
Global oral health inequalities: task group–implementation and delivery of
oral health strategies. Adv Dent Res 23. United States2011. p. 259–267.
Marmot M, Bell R. Social determinants and dental health. Adv Dent Res.
2011;23(2):201–6.
Watt RG. Social determinants of oral health inequalities: implications for
action. Community Dent Oral Epidemiol. 2012;40(Suppl 2):44–8.
Allin S, Masseria C. Unmet need as an indicator of health care access. Eur
Secur. 2009;15(3):7.
Gulliford M, Figueroa-Munoz J, Morgan M, Hughes D, Gibson B, Beech R, et
al. What does 'access to health care' mean? J Health Serv Res Policy. 2002;
7(3):186–8.
Shi L, Stevens GD. Vulnerability and unmet health care needs. The influence
of multiple risk factors. J Gen Intern Med. 2005;20(2):148–54.
United Nations. World Population Prospects: The 2017 Revision, Key
Findings and Advance Tables. UN; 2017.
Strauss J, Hong H, Lei X, Li L, Park A, Yang L, et al. Healthcare and insurance
among the elderly in China: evidence from the CHARLS pilot. In: Smith JP,
Majmundar M, editors. National Research Council (US) panel on policy
research and data needs to meet the challenge of aging in Asia.
Washington (DC): National Academies Press (US); 2012. p. 342–70.
Yang W, Kanavos P. The less healthy urban population: income-related
health inequality in China. BMC Public Health. 2012;12:804.
Kunna R, San Sebastian M, Stewart Williams J. Measurement and
decomposition of socioeconomic inequality in single and multimorbidity in
older adults in China and Ghana: results from the WHO study on global
AGEing and adult health (SAGE). Int J Equity Health. 2017;16(1):79.
Shanghai Municipal Center For Disease Control & Prevention. Study on
global AGEing and adult health (SAGE) wave 1 China National Report.
Geneva: WHO; 2012.
Hu DY, Hong X, Li X. Oral health in China–trends and challenges. Int J Oral
Sci. 2011;3(1):7–12.
Zhou X, Xu X, Li J, Hu D, Hu T, Yin W, et al. Oral health in China: from vision
to action. Int J Oral Sci. 2018;10(1):1.
Xiao N, Long Q, Tang X, Tang S. A community-based approach to noncommunicable chronic disease management within a context of advancing
universal health coverage in China: progress and challenges. BMC Public
Health. 2014;14(Suppl 2):S2.
Biritwum R, Mensah G, Yawson A, Minicuci N. Study on global AGEing and
adult health (SAGE) wave 1 Ghana National Report. Geneva: WHO; 2013.
Ogunbodede EO. Population ageing and the implications for oral health in
Africa. Gerodontology. 2013;30(1):1–2.
Hewlett SA, Calys-Tagoe BN, Yawson AE, Dako-Gyeke P, Nakua E, Folson G,
et al. Prevalence and geographic distribution of edentulism among older
Ghanaians. J Public Health Dent. 2015;75(1):74–83.
Gwatidzo SD, Stewart Williams J. Diabetes mellitus medication use and
catastrophic healthcare expenditure among adults aged 50+ years in China
and India: results from the WHO study on global AGEing and adult health
(SAGE). BMC Geriatr. 2017;17(1):14.
Kothia NR, Bommireddy VS, Devaki T, Vinnakota NR, Ravoori S, Sanikommu
S, et al. Assessment of the status of National Oral Health Policy in India. Int J
Health Policy Manag. 2015;4(9):575–81.
Shah N, Sundaram KR. Impact of socio-demographic variables, oral hygiene
practices, oral habits and diet on dental caries experience of Indian elderly:
a community-based study. Gerodontology. 2004;21(1):43–50.
Sheiham A, Watt RG. The common risk factor approach: a rational basis for
promoting oral health. Community Dent Oral Epidemiol. 2000;28(6):399–406.
Bhandari B, Newton JT, Bernabe E. Social inequalities in adult oral health in
40 low- and middle-income countries. Int Dent J. 2016;66(5):295–303.

Page 14 of 14

41. Naidoo N. WHO Study on global AGEing and adult health (SAGE) waves 0
and 1 sampling information for China, Ghana, India, Mexico, Russia and
South Africa: World Health Organization; 2012.
42. World Health Organization. WHO SAGE survey manual: the WHO study on
global AGEing and adult health (SAGE). Geneva: World Health Organization;
2006.
43. Kowal P, Chatterji S, Naidoo N, Biritwum R, Fan W, Lopez Ridaura R, et al.
Data resource profile: the World Health Organization Study on global AGEing
and adult health (SAGE). Int J Epidemiol 41. England2012. p. 1639–1649.
44. He W, Muenchrath MN, Kowal P. U.S. Census Bureau, Shades of Gray: A
Cross-Country Study of Health and Well-Being of the Older Populations
inSAGE Countries, 2007–2010. Washington, DC: U.S. Government Printing
Office; 2012.
45. Filmer D, Pritchett LH. Estimating wealth effects without expenditure
data—or tears: an application to educational enrollments in states of India*.
Demography. 2001;38(1):115–32.
46. Schneider MC, Castillo-Salgado C, Bacallao J, Loyola E, Mujica OJ, Vidaurre
M, et al. Methods for measuring health inequalities (part III). Epidemiol Bull.
2005;26(2):12–5.
47. Petersen PE, Kandelman D, Arpin S, Ogawa H. Global oral health of
older people–call for public health action. Community Dent Health.
2010;27(4 Suppl 2):257–67.
48. Brothwell DJ, Jay M, Schonwetter DJ. Dental service utilization by
independently dwelling older adults in Manitoba, Canada J Can Dent Assoc
2008;74(2):161-f.
49. Kiyak HA, Reichmuth M. Barriers to and enablers of older adults' use of
dental services. J Dent Educ. 2005;69(9):975–86.
50. Lin HC, Wong MC, Wang ZJ, Lo EC. Oral health knowledge, attitudes, and
practices of Chinese adults. J Dent Res. 2001;80(5):1466–70.
51. Gambhir RS, Brar P, Singh G, Sofat A, Kakar H. Utilization of dental care: an
Indian outlook. J Nat Sci Biol Med. 2013;4(2):292–7.
52. Li C, Hou Y, Sun M, Lu J, Wang Y, Li X, et al. An evaluation of China's new
rural cooperative medical system: achievements and inadequacies from
policy goals. BMC Public Health. 2015;15:1079.
53. Ayernor P. Diseases of ageing in Ghana. Ghana Medical Journal. 2012;46(2):18–22.
54. Chatterjee P. India tries to break cycle of health-care debt. Bull World Health
Organ. 2010;88:486–7.
55. Kumar K, Shukla A, Singh A, Ram F, Kowal P. Association between wealth
and health among older adults in rural China and India. The Journal of the
Economics of Ageing. 2016;7:43–52.
56. Lukacs JR. Gender differences in oral health in South Asia: metadata imply
multifactorial biological and cultural causes. Am J Hum Biol. 2011;23(3):398–411.
57. Galobardes B, Shaw M, Lawlor DA, Lynch JW, Davey Smith G. Indicators
of socioeconomic position (part 2). J Epidemiol Community Health.
2006;60(2):95–101.
58. Bristol N. Global action toward universal health coverage. Washington DC:
Center for Strategic and Int Stud; 2014.
59. Preet R. Health professionals for global health: include dental personnel
upfront! Glob Health Action. 2013;6:21398.
60. NCD Alliance and FDI Joint Policy Brief: Accelerating Action on Oral Health
and NCDs - Achieving an Integrated Response. [press release]. Madrid: FDI
World Dental Congress 2017.
61. Preet R, Khan N, Blomstedt Y, Nilsson M, Williams JS. Assessing dental
professionals' understanding of tobacco prevention and control: a qualitative
study in Västerbotten County, Sweden. BDJ Open. 2016;2:16009.
62. Cohen LC, Dahlen G, Escobar A, Fejerskov O, Johnson NW, Manji F. Dentistry
in crisis: time to change. La Cascada declaration. Aust Dent J. 2017;62(3):258–60.

