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Abstract

Background: Multimorbidity, the coexistence of two or more chronic conditions is increasingly prevalent in
primary care populations. Despite reports on its adverse impact on health outcomes, functioning and well-being,
it’s association with quality of life is not well known in low and middle income countries. We assessed the health-
related quality of life (HRQoL) of primary care patients with multimorbidity and identified the influencing factors.

Methods: This cross-sectional study was done across 20 public and 20 private primary care facilities in Odisha,
India. Data were collected from 1649 adult out-patients using a structured multimorbidity assessment questionnaire
for primary care (MAQ-PC). HRQoL was assessed by the 12-item short-form health survey (SF-12). Both physical
(PCS) and mental components scores (MCS) were calculated. Multiple regression analysis was performed to
determine the association of HRQoL with socio-demographics, number, severity and typology of chronic conditions.

Results: Around 28.3% [95% CI: 25.9–30.7] of patients had multimorbidity. Mean physical component scope (PCS) and
mental component score (MCS) of QoL in the study population was 43.56 [95% CI: 43.26–43.86] and 43.69 [95% CI:
43.22–44.16], respectively. Patients with multimorbidity reported poorer mean PCS [43.23, 95% CI: 42.62–43.84] and
MCS [41.58, 95% CI: 40.74–42.43] compared to those without. After adjusting for other variables, morbidity severity
burden score was found to be negatively associated with MCS [adjusted coefficient: -0.24, 95% CI − 0.41 to − 0.08],
whereas no significant association was seen with PCS. Hypertension and diabetes with arthritis and acid peptic
diseases were found to be negatively related with MCS. Within multimorbidity, lower education was inversely
associated with mental QoL and positively associated with physical QoL score after adjusting for other variables.

Conclusion: Our findings demonstrate the diverse negative effects of multimorbidity on HRQoL and reveal that apart
from count of chronic conditions, severity and pattern also influence HRQoL negatively. Health care providers should
consider severity as an outcome measure to improve QoL especially in individuals with physical multimorbidity. Given the
differences observed between age groups, it is important to identify specific care needs for each group. Musculoskeletal
clusters need prioritised attention while designing clinical guidelines for multimorbidity.
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Introduction
Over the past decades, the combination of improved living
conditions, better prevention and management of infec-
tious diseases, continuous medical developments, along
with the overall aging of the population, have substantially
increased the prevalence of chronic non-communicable
diseases (NCD) globally [1, 2]. Consequentially, multimor-
bidity, the co-occurrence of two or more chronic diseases,
is being frequently observed in individuals and can be
regarded as an “emergent” health problem [3]. A study
conducted by Barnett has reported the prevalence of mul-
timorbidity to be around one third [4]. Studies based on
secondary data and surveys have also reported multimor-
bidity to be a prevalent phenomenon in low and middle
income countries (LMIC) given their rapid demographic
transition [5, 6]. However, until now, the corpus of re-
search output on multimorbidity is disproportionately de-
ficient in LMIC with scarce evidence from primary care
populations reflecting the existence of the ‘inverse care
law’ or the availability of appropriate health care varying
inversely with the need for it in the population served,
thus perpetuating health inequity [7].
Chronic diseases per se persist for an extended period

and affect a person’s ability to function normally. Thus,
multimorbidity has the potential to induce profound
negative effects on a person’s quality of life and well-
being [8–10]. Patients with multimorbidity frequently
present with lower functional capacity, higher health
care utilisation, increased levels of polypharmacy, and
mortality rates in addition to the risk attributable to in-
dividual disease [11, 12].
The health-related quality of life (HRQoL), a composite

index of subjective wellbeing, is currently being widely
used as a key health outcome measure [13]. HRQoL is a
patient-centred outcome that assesses the impact of health
conditions on daily living, based on the self-perception of
the individuals, and considers their social and cultural
context. Available evidence demonstrates that HRQoL is
negatively associated with multimorbidity in hospital, out-
patient clinic and community settings [14, 15]. While sev-
eral studies have described the impact of multimorbidity
on HRQoL, using the simple count of chronic conditions
in patients as a measure, the effect of severity and combi-
nations of different chronic conditions on HRQoL level is
not fully known [14, 15]. Further, compared to the western
countries, there is limited understanding regarding the
level, and contributing factors of HRQoL in multimorbid-
ity in LMIC. Our systematic review has revealed the con-
spicuous absence of any study from South Asia describing
the effect of multimorbidity on HRQoL among primary
care patients [16].
With its relatively recent entry, multimorbidity still is an

under-studied entity in India, constituting a critical know-
ledge chasm for a country witnessing an unprecedented

high rise of NCDs [17, 18]. Few studies based on health
surveys have reported the prevalence of multimorbidity to
be ranging from 8.9 to 57% and suggested that elderly
people were more likely to have inferior HRQoL [5, 19,
20]. However, these findings have limited generalisability
being based on secondary data and a population with a
small number of chronic morbidities included. In India,
since the majority of multimorbidity patients are seen in
primary care routinely [21], it is necessary to have infor-
mation on the status of HRQoL in these patients, contrib-
uting factors and the extent to which HRQoL is affected
when the number, pattern and severity of conditions
change [20].
In view of the above, we undertook a study to assess

the health-related quality of life of a primary care patient
population and its sociodemographic correlates. We fur-
ther determined the effect of count, type, severity and
combinations of chronic conditions on HRQoL within
multimorbidity. We expect that our findings would con-
tribute towards identifying subgroups having differen-
tially impaired quality of life within multimorbidity and
to designing specific care plans.

Methods
Study sample
We carried out a cross-sectional study in 20 public and
20 private primary care facilities in 10 districts of Odisha
state, India. The facilities were selected using a multi-
stage sampling process. We included private clinics
along with public primary care as considerable propor-
tion of population in India consult private practitioners
for health care [21]. Details of the sampling methodology
have been published elsewhere [6].
We did not have any studies on prevalence of multimor-

bidity from India, the required sample size was calculated
based on our pilot study while validating the multimorbid-
ity assessment tool. Considering that 23% of patients at-
tending primary health care settings have multimorbidity
[22], a sample of at least 1456 was needed to estimate this
level of prevalence within relative precision error of 12.5%
and design effect of 1.7 for multilevel cluster design. After
accounting for 13% non- response based on our pilot ex-
perience [22], the final required sample size was 1670. It
was decided to divide this number equally between private
and public primary care facilities.

Data collection
All adult patients (aged 18 years and above) attending the
sampled facilities who met the predefined inclusion and ex-
clusion criteria were approached through systematic sam-
pling method. Comatose patients were excluded. Selected
patients were interviewed using a structured multimorbid-
ity assessment questionnaire for primary care (MAQ-PC)
in local language, by four trained nurses. Given the absence
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of a standardised uniform tool to assess multimorbidity in
primary care, we had previously developed MAQ PC
through an iterative process and evaluated its reliability and
internal consistency. The questionnaire entails assessment
of self-reported multimorbidity in which respondents
reacted to a list of common chronic diseases. The develop-
ment and validation of the tool and its components have
been detailed in a previously published article [22]. The
socio-demographic section of the questionnaire elicited
information on age, gender, place of birth, residence, eth-
nicity, religion, educational level, marital status, poverty
status as per state guideline, current housing and house-
hold composition.
The multimorbidity assessment section of the ques-

tionnaire elicited the presence of any of the 18 listed
self-reported chronic diseases. The list of chronic condi-
tions was prepared based upon the findings from our
pilot study, extensive literature search, chart review and
expert consultations [22, 23]. There were open options
for additional conditions if any to be added by the pa-
tient. To evaluate depression, along with physician-
diagnosed self-report, we included the Patient Health
Questionnaire (PHQ-9) validated for the Indian popula-
tion [24]. The prevalence of diagnosed depression in pri-
mary care has been reported to be extremely low in
India; moreover, depression has fluctuating symptoms
and is amenable to long-term treatment; therefore, we
assessed current depressive symptoms with a short and
already validated screening test rather than relying only
on a diagnosis of depression [25, 26].
We additionally assessed severity of each of the re-

ported chronic illnesses. Respondents rated each condi-
tion on a 5-point scale from 1 (interferes with daily
activities “not at all”) to 5 (interferes with daily activities
“a lot”). The total score representing level of morbidity
(which we also refer to as severity burden score) was the
sum of the weights of the diseases by the level of inter-
ference for each condition [27].
The SF-12 questionnaire was used to measure partici-

pants’ functional status and health-related quality of life.
The SF-12 generates eight subscales which measures dif-
ferent dimension of health [28]: The Physical Function-
ing (PF) scale describes whether health limits the ability
to perform physical activities. The Bodily Pain (BP) scale
describes the extent to which normal work activities are
hampered by pain. The General Health (GH) scale de-
scribes the person’s self-rated health. The Vitality scale
(VS) captures ratings of energy level. The Social Func-
tioning (SF) scale measures the impact of either physical
or emotional problems on social activities. The Role
Physical (RP) and Role Emotional scale (RE) denote
physical and mental health-related role limitations, re-
spectively. The Mental Health (MH) scale measures psy-
chological distress and well-being. The eight subscales

are calibrated to have an average of 50 and a standard
deviation of 10 in the general the United States (US)
population (norm-based scoring), making it possible to
meaningfully compare scores across domains. The tool
has been used in Indian population and has been vali-
dated in local language (Odia) [22, 29].

Data analysis
Three more chronic diseases arose from the additional
list and were added to the previous list of 18 thus total-
ling to 21 chronic diseases. We followed the prescribed
guidelines for analysis of PHQ-9 towards diagnosing de-
pression and a score of 10 or more was taken as a cut-
off value for depression [30].
Analysis was carried out using sampling weight which

was calculated taking account of the complex nature of
the sample, i.e. different sampling fraction in each CHC
or private facility and taking account of clustering by fa-
cility by using the ‘svy’ command in STATA (Version
12.0, Stata crop, TX). Because of two-stage design na-
ture, the probability weight is calculated as f1f2, which
means that the inverse of the sampling fraction for the
first stage (i.e. using the formula N/n, where N = the
number of elements in the population and n = the num-
ber of elements in the sample) is multiplied by the in-
verse of the sampling fraction for the second stage.
Percentages in this paper are weighted for sample and
cluster adjusted for multilevel sampling. Confidence in-
tervals of prevalence were calculated and the independ-
ent t- test or ANOVA test was performed for univariate
analysis. We defined ‘multimorbidity’ as the presence of
any two or more co-occurring chronic or long-term dis-
eases or conditions. Patterns (dyads and triads) were deter-
mined by employing a simple matrix approach, exhaustive
analysis of all possible combination of two or three co-
morbid conditions using a simple explorative method based
on the frequency [31].
We included conditions which had a prevalence of more

than 1% in the analysis, since the number of cases below
this was negligible. Age was categorized into two groups,
less than or equal to 50 years and more than 50 years.
Both physical component score (PCS) and mental compo-
nent score (MCS) was calculated across the age group.
Data was tested for normality, homoscedasticity, and ab-
sence of multi-collinearity using P-P plot and variance in-
flation factors (VIFs) for linear regression analysis. We
estimated the factors associated with both PCS and MCS
using linear regression analysis overall and the model-fit
was evaluated by the F-value (< 0.05). To test the differ-
ence, we described each component score for major pat-
terns of diseases in both the age group. A correlation
matrix was developed for HRQoL, count of the chronic
conditions and severity burden score. As we had multiple
hypothesis to test, the expected p value was suspected to
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have high false discovery rate. In order to adjust the mul-
tiple testing problem, the adjusted p value was calculated
using ‘Benjamini-Hochberg’ method [2, 32].

Results
Out of the 1675 primary care patients approached, 1649
agreed to participate and were interviewed; 921 were
men and 728 were women representing 6128 men and
4682 women after considering sampling weight. The
average age of the sample was 44.0 years [95% CI: 43.2–
44.9] and men’s [Mean 44.60, 95%CI: 43.50–45.70] age
was slightly higher than women’s [Mean 43.30 95%CI:
42.00–44.50]. Even though nearly equal numbers of pa-
tients were recruited from both public and private facil-
ities, weighted analysis shows slightly more than 2/3rd
of the patients were recruited from public health facil-
ities during their visits. Table 1 describes the socio-
demographic distribution of the study participants.
Around 28.30% (95% CI: 25.90–30.70) had multimor-

bidity while more than one-half (54.7%) had at least one
chronic condition. Leading chronic conditions in men
were acid peptic disease (28.40%), hypertension (15%),
arthritis (13.40%), chronic back pain (10.60%) and diabetes
(6.70%) whereas for women the most prevalent conditions
were acid peptic disease (33.70%), hypertension (18.20%),
arthritis (17.90%), chronic back pain (13.10%) and visual
impairment (6.80%) were found to be leading. Details of
the distribution of pattern of chronic conditions can be
found in a previous paper [20].
Mean physical component score (PCS) and mental

component score (MCS) of QoL in the study population
was 43.56 [95% CI: 43.26–43.86] and 43.69 [95% CI:
43.22–44.16], respectively. Patients with multimorbidity
reported poorer mean PCS [43.23, 95% CI: 42.62–43.84]
and MCS [41.58, 95% CI: 40.74–42.43] compared to pa-
tients without multimorbidity (Table 1).
The effect of multimorbidity on SF-12 PCS and MCS is

displayed in Table 2. In the final model this effect was ad-
justed for age, sex, place of residence, educational level, so-
cial class, and facility visit, separately for patients aged less
than 50 years, more than and equal to 50 years and overall.
Among patients aged less than 50 years, presence of multi-
morbidity decreases the MCS by 2.63 units [95% CI: − 3.89
to − 1.32], compared to non-multimorbids. In older adults
(50 years or more), both PCS and MCS was negatively asso-
ciated with multimorbidity, which reduces by 0.99 and 2.79
units, respectively after adjusting for other variables. A
similar association was seen in an adjusted model for the
whole study population, where multimorbidity had more
inverse impact on MCS [regression coefficient: -2.76, 95%
CI − 3.77 to − 1.75] compared to PCS [regression coeffi-
cient: -0.28, 95% CI − 0.98 to − 0.04] (Table 2).
Adjusted linear regression models for eight HRQoL-

components with disease count are described in Additional

file 1: Table S1. RP (Role Physical), BP (Bodily Pain), SF (So-
cial Functioning), RE (Role Emotional) and MH (Mental
Health) subscales were found to be negatively associated
with the count of chronic conditions. Figure 1 depicts the
relationship of severity burden score with PCS and MCS,
across the morbidity count. After adjusting for other vari-
ables, severity score was found to be negatively associated
with MCS [regression coefficient: -0.24, 95% CI − 0.41 to −
0.08], whereas no significant association was seen with
PCS. (Additional file 1: Table S1).
Within multimorbidity, physical QoL was seen to be

better among those with no formal education and lower
education, and mental QoL was inversely associated with
illiteracy and lower education after adjusting for other
socio-demographic variables (Table 3).
Table 4 describes the multimorbidity typology-related

prediction of QoL adjusted for other variables. Among
single chronic conditions, arthritis, chronic lung diseases,
chronic back pain, epilepsy and depression are negatively
associated with PCS, whereas, arthritis, hypertension, acid
peptic disease, vision problem, epilepsy, tuberculosis, filar-
iasis and depression had inverse relationships with MCS.
Presence of arthritis with chronic back pain and vision im-
pairment had poorer both PCS and MCS after adjusting
for socio-demographic variables. Among triads, coexist-
ence of acid peptic disease, hypertension and chronic back
pain had adjusted coefficient of − 1.45 [95% CI − 3.23 to −
0.33], arthritis + hypertension + chronic back pain and
arthritis + chronic back pain + chronic lung disease had
negative adjusted coefficient for PCS. Hypertension and
diabetes with arthritis and acid peptic diseases were found
to be negatively related with MCS (Table 4).

Discussion
Multimorbidity, the concurrent presence of two or more
chronic medical conditions, is consistently associated with
a series of adverse health outcomes, and most notably
evokes a negative effect on quality of life and wellbeing
[8]. An important objective of any health care system is to
increase the span of life years while maintaining an opti-
mal quality of life, thus making HRQoL a primary concern
of patients, clinicians, and policy interest [13].It is largely
unknown how the HRQoL is influenced by multimorbid-
ity among primary care population in India, with no stud-
ies reporting the effect of disease severity and pattern [16].
We undertook the first-ever study to assess HRQoL of In-
dian primary care patients with multimorbidity and the
factors contributing to its impairment with the aim of pro-
viding insights towards designing multimorbidity-specific
interventions. This is particularly relevant since in India,
as in other countries, the clinical guidelines are usually
configured to manage single diseases and rarely account
for multimorbidity [33] and the therapeutic plan is mostly
additive rather than integrative.
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We found an inverse association between multimorbid-
ity and HRQoL in consistence with that reported from
both high and low income settings [34, 35]. Recent studies

from countries like Brazil and China have reiterated the
linear negative relationship between number of chronic
conditions and HRQoL [36, 37]. The increase in number

Table 1 Socio-demographic distribution of the patients attending facilities

Characteristics. Total (n = 1649)
(Weighted %)

Percentage with multimorbidity (>2conditions)
Weighted % [95%CI]

Mean PCS
[95% CI]

Mean MCS
[95% CI]

Age Group (in
years)

18–29 373[22.6] 5.8[1.99–9.6] 44.21
[43.57–44.85]

43.65
[42.64–44.66]

30–39 297[18.1] 22.2[15.1–29.4] 43.57
[42.84–44.29]

44.59
[43.47–45.71]

40–49 346[20.5] 24.3[17.7–30.9] 43.12
[42.55–43.69]

43.41
[42.46–44.35]

50–59 266[16.7] 36.2[27.9–44.5] 43.56
[42.86–44.26]

43.09
[41.98–44.20]

60–69 236[14.6] 36.9[28.1–45.8] 43.49
[42.61–44.37]

43.92
[42.56–45.27]

≥70 131[07.5] 44.4[33.0–55.8] 42.92
[41.73–44.12]

43.30
[41.50–45.11]

Gender Men 921[55.8] 25.1[22.1–28.0] 43.61
[43.23–44.00]

43.48
[42.88–44.08]

Women 728[44.2] 32.5[29.0–35.9] 43.50
[43.02–43.97]

43.96
[43.21–44.71]

Place of living Rural 1493[90.4] 25.5[23.2–27.8] 43.56
[43.25–43.88]

43.55
[43.05–44.04]

Urban 156[9.6] 28.5[27.8–29.3] 43.55
[41.61–44.49]

45.01
[43.38–46.64]

Ethnicity Aboriginal 471[28.0] 27.7[26.3–29.2] 44.30
[43.71–44.88]

43.66
[42.76–44.55]

Non-aboriginal 1178[71.4] 28.5[27.6–29.4] 43.27
[42.93–43.62]

43.70
[43.15–44.26]

Socio-economic
status

Below poverty
line

1035[61.6] 28.8[27.8–29.7] 43.59
[43.21–43.97]

44.04
[43.45–44.63]

Above poverty
line

601[38.4] 27.5[26.2–28.8] 43.52
[43.03–44.00]

43.14
[42.35–43.92]

Schooling No School 642[38.1] 35.0[33.7–36.3] 45.33
[44.14–46.52]

44.03
[42.35–45.70]

Primary
completed

514[30.7] 28.3[27.1–29.5] 43.93
[43.42–44.43]

41.54
[40.85–42.23]

Secondary and
above

493[31.1] 20.1[19.6–21.1] 43.76
[43.16–44.36]

43.55
[42.61–44.49]

Marital Status Currently
married

1321[79.8] 29.3[28.5–30.1] 43.49
[43.17–43.81]

43.39
[42.88–43.89]

Currently not
married

328[20.2] 24.3[22.0–26.6] 43.83
[43.03–44.63]

44.88
[43.69–46.07]

Facility Public 849[61.0] 28.1[27.1–29.1] 43.54
[43.13–43.96]

43.23
[42.60–43.96]

Private 800[39.0] 28.6[27.5–29.7] 43.59
[43.17–44.00]

44.41
[43.72–45.11]

Non
multimorbidity

1082[71.7] 43.69
[43.35–44.03]

44.52
[43.96–45.08]

Multimorbidity 567[28.3] 43.23
[42.62–43.84]

41.58
[40.74–42.43]

Total 1649[100] 28.3[25.9–30.7] 43.56
[43.26–43.86]

43.69
[43.22–44.16]

PCS Physical component score, MCS Mental component score
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of chronic conditions in an individual lead to higher
healthcare utilisation and expenditure, and impairs both
physical and mental health, thus resulting in poorer QoL
[38–40].
In our study, multimorbidity was found to adversely

affect both physical and mental QoL, among patients aged
50 years or more after controlling for confounding vari-
ables. The deteriorating effect of multimorbidity in elderly
age groups has been well established across multiple

geographic and practice settings [41, 42]. This finding has
two major corollaries in the Indian context. First, it directs
the attention towards age-specific care planning for multi-
morbidity. Second, it indicates the potential role of Na-
tional Program for the Care of the Elderly (NPCE) in the
context of multimorbidity. The program has been broadly
designed to improve the overall health and wellbeing of
elderly population in India. With the given impact of mul-
timorbidity on wellbeing, the geriatric program has to

Table 2 Linear regression for QoL (PCS and MCS) across the age group

Less than 50 year (n = 1103) More than 50 year (n = 546) Overall (n = 1649)

PCS Adjusted
coefficient [95%CI]
Constant =43.32

MCS Adjusted
coefficient [95%CI]
Constant = 44.92

PCS Adjusted
coefficient [95%CI]
Constant = 45.21

MCS Adjusted
coefficient [95%CI]
Constant =42.12

PCS Adjusted
coefficient [95%CI]
Constant =43.15

MCS Adjusted
coefficient [95%CI]
Constant =44.23

Multimorbidity No Reference Reference Reference Reference Reference Reference

Yes 0.15 [− 0.66 to 0.98] − 2.63
[− 3.89 to − 1.37]*

− 0.99
[− 2.19 to − 0.02]*

− 2.79
[−4.46 to − 1.11]*

− 0.28
[− 0.98 to − 0.04]*

− 2.76
[− 3.77 to − 1.75]*

0.708 0.000 0.023 0.001 0.03 0.0001

*significant false discovery rate adjusted p value < 0.05, adjusted for Age, Gender, Caste, Education, Income, Marital status, place of living and Facility
For analysis survey command ‘svy’ was used

Fig. 1 Relationship between burden score and QoL across number of chronic conditions (adjusted linear regression model). Adjusted coefficient
0.12 [− 0.01 to 0.24], p value = 0.054. Adjusted for sex, age, location, ethnicity, socioeconomic status. Education, marital status and multimorbidity
using linear regression model. Adjusted coefficient − 0.24 [− 0.41 to − 0.08], p value = 0.003. Adjusted for sex, age, location, ethnicity,
socioeconomic status. Education, marital status and multimorbidity using linear regression model
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construe its guidelines responsive to the diverse care
needs [43].
To date, a major share of multimorbidity research has

been carried out in ageing populations, thus resulting in
deficient understanding of QoL in midlife population [44]
In our study, the mental component of QoL was found to
decline in people aged less than 50 years having multimor-
bidity. The impairment of mental QoL in a relatively
younger and productive age group is concerning and indi-
cates and increased level of psychological problems among
these population groups. Considering the findings on
magnitude of multimorbidity in younger population, fu-
ture studies should specifically investigate the QoL and its
correlates in this particular demographic group.
Our finding provides ample reasoning for a collaborative

patient-centred model to address the dual physical and
mental care needs in multimorbidity. However, in India,
the National Mental Health Program operates vertically
separate from the NCD control program [45]. Thus, there
could be a scope for collaborative entwining of the two pro-
grams at the primary care level. An implementation trial
could be undertaken to test such integrated model within
the newly created “Health and Wellness Centres” in pri-
mary care settings [46, 47].

We could not find a significant difference between
gender and HRQoL. Many previous studies have also
demonstrated sparse evidence on sex specific differences
in quality of life in multimorbidity [48].
Socio-economic factors are known to exert significant

influence on multimorbidity prevalence and outcome
[49–51]. In our study, lower education was inversely as-
sociated with mental QoL and positively associated with
physical QoL score after adjusting for other variables. A
systematic review has documented the universal effect of
literacy on multimorbidity [52]. Access to education has
been identified as one of the key social determinants of
health (SDH) by the World Health Organisation [53].
Future multimorbidity work may explore how social de-
terminants like literacy mediate the effect of multimor-
bidity on quality of life.
It is well established that QoL often decreases with in-

crease in the number of chronic conditions. Our findings
too resonate with this global observation. However, mul-
timorbidity studies in high income countries have identi-
fied severity of the condition as an important driver of
QoL than simple count alone [54]. We found increase in
severity score to be negatively associated with mental
QoL particularly. The severity was measured by the level

Table 3 Multivariate regression model for factors associated with QoL (PCS and MCS) in multimorbidity population

Variables Categories PCS Adjusted coefficient [95%CI] Constant =43.15 MCSAdjusted coefficient [95%CI] Constant =41.36

Gender Men Reference Reference

Women 0.43 [− 0.97 to 1.84] 0.74 [−1.13 to 2.66]

Place of living Urban Reference Reference

Rural −0.80 [− 2.69 to 1.09] − 0.74 [− 3.82 to 2.34]

Ethnicity Aboriginal Reference Reference

Non-aboriginal 1.43 [−0.19 to 3.06] −0.89 [− 3.12 to 1.33]

Education Secondary and above Reference Reference

Illiterate 1.84 [0.14 to 3.54]* −2.71 [−5.21 to −0.24]*

Primary completed 1.23 [−0.21 to 2.67] − 3.43 [−5.54 to −1.32]*

Socio-economic status Below poverty line Reference Reference

Above poverty line −0.24 [−1.56 to 1.08] 0.23 [−1.60 to 2.06]

Marital status Married Reference Reference

Unmarried 0.42 [−1.96 to 2.81] −0.44 [− 3.63 to 2.76]

Facility Public Reference Reference

Private 0.69 [−0.42 to 1.81] −0.38 [−1.95 to 1.20]

Age group (years) 18–29 Reference Reference

30–39 −0.26 [−2.71 to 2.20] 4.62 [− 0.38 to 9.62]

40–49 −1.14 [−3.36 to 1.07] 2.84 [− 2.10 to 7.79]

50–59 −0.56 [− 2.92 to 1.80] 1.67 [− 3.32 to 6.66]

60–69 − 0.95 [− 3.37 to 1.47] 3.05 [− 2.06 to 8.17]

≥70 − 0.86 [− 3.53 to 1.81] 2.68 [−2.67 to 8.05]

*false discovery rate adjusted P value < 0.05

Pati et al. Health and Quality of Life Outcomes          (2019) 17:116 Page 7 of 11



of activity limitation, which is a proxy indicator of func-
tional impairment affecting PCS [27] As most of the
chronic diseases causing direct physical impairment such
as osteoarthritis and lung diseases are age related, a
non-significant association of multimorbidity with PCS
is justified after adjustment of age and other factors.
However, its inverse association with MCS after control-
ling for other variables is an interesting finding, which
merits further investigation. Given the larger impact of
severity on the mental QoL, it is necessary to identify
those individual chronic conditions contributing to
higher severity score.
Our study made a further contribution by investigating

the impacts of different multimorbidity patterns on QoL.
Most frequently occurring multimorbidity patterns were
identified and their association with QoL was estimated
while controlling for other socio-demographic variables.
Most of the available studies on multimorbidity patterns
and their association with QoL are confined to the elderly
population (≥65 years); thus, it is difficult to draw com-
parison of our results [16]. In our study, patterns having
arthritis have impaired PCS of QoL after controlling for
other variables. Similar findings have been reported from
other studies, where presence of osteoarticular disease had
an inverse association with PCS [55]. Among triads, pres-
ence of arthritis and chronic back pain had a similar in-
verse significant association. This could be explained by
the limiting effect of the disease on physical functioning,
body function, self-care ability, social adaptability. Besides,
patients with hypertension, diabetes, and lung diseases
were found to have a decline in mental QoL. Conditions
like hypertension and diabetes are related with stress, and
coexistence of these conditions might have accentuated
the impact on psychological wellbeing owing to chronic
care demand [56]. Thus, identification of specific patterns
could help to understand the impact of multimorbidity on
different dimensions of QoL and prioritise patient groups
for improving QoL.

Strengths and limitations
The present study has certain limitations worth men-
tioning. The first refers to the cross-sectional design,
where respondents were analysed at a given time and
that cannot establish a causal relationship. Second, the
information was collected through self-report and omis-
sions may have occurred. To address this, the presence
of chronic diseases was confirmed by the use of medi-
cines and information on prescriptions. Third, we did
not record the duration of the chronic illness and health
care expenditure which might have had some influence
on HRQoL. Nevertheless, our study using a validated
questionnaire with a comprehensive list of chronic con-
ditions captured the first ever information on the effect
of number of chronic diseases, and pattern and severity

Table 4 linear regression model for PCS and MCS for typology
of multimorbidity

PCS MCS

Coefficient [95% CI] Coefficient [95% CI]

Arthritis − 0.93 [− 1.81 to − 0.05]* − 0.69 [− 2.02 to − 0.03]*

Diabetes 0.39 [− 1.10 to 1.90] 1.12 [− 0.69 to 2.93]

Hypertension 0.09 [− 0.68 to 0.86] −2.09 [− 3.23 to − 0.95]*

CLD −1.56 [− 3.03 to − 0.10* −0.48 [− 3.40 to 2.45]

APD 0.15 [− 0.50 to 0.80] −2.11 [− 3.11 to − 1.10]*

CBA −0.50 [− 1.51 to − 0.05]* −0.21 [− 1.71 to 1.29]

Vision problem − 0.01 [− 1.46 to 1.43] −2.92 [−4.55 to − 1.30]*

Deafness 0.89 [− 2.87 to 4.66] − 1.94 [−6.43 to 2.54]

Epilepsy − 2.85 [− 4.56 to − 1.14]* −3.26 [− 6.50 to − 0.03]*

Alcohol problem 0.75 [− 2.68 to 4.18] −2.82 [− 5.37 to − 0.28]*

Thyroid 0.89 [−1.76 to 3.54] − 0.06 [− 5.03 to 4.89]

Tuberculosis − 1.69 [− 3.91 to 0.52] −3.84 [− 6.25 to − 1.44]*

Filariasis 1.31 [− 1.40 to 4.04] − 3.44 [− 5.03 to − 1.84]*

Depression 3.59 [0.68 to 6.50]* −6.77 [− 12.51 to − 1.02]*

Hypotension −1.79 [− 4.01 to 0.41] −0.58 [− 4.51 to 3.34]

APD + HTN −1.39 [− 2.65 to − 0.13]* 1.55 [− 0.29 to 3.40]

APD + ART − 0.0 [− 1.26 to 1.06] 0.50 [−1.26 to 2.26]

APD + CBA 0.26 [−0.83 to 1.35] − 0.03 [− 1.85 to 1.78]

APD + VI 0.09 [− 1.66 to 1.86] −0.04[− 2.13 to 2.04]

APD + DI −0.31 [− 2.21 to 1.59] 1.07 [− 2.14 to 4.30]

APD + CLD 0.52[− 2.73 to 3.76] 2.22 [−1.43 to 5.89]

APD + DF − 1.81 [− 4.72 to 1.08] 3.19 [− 2.60 to 9.00]

HTN + ART − 0.87 [− 2.74 to 1.01] 1.11 [−1.43 to 3.67]

HTN + DI 0.63 [− 125 to 2.52] −1.28 [− 2.74 to − 0.30]*

HTN + CBA −1.11[− 2.72 to 0.49] −0.06 [− 2.52 to 2.38]

HTN + VI −0.47 [− 2.98 to 2.04] −1.84 [− 4.14 to 0.45]

ART + CBA − 0.65 [− 1.09 to − 0.09]* −0.79 [− 1.27 to − 0.06]*

ART + VI −0.31 [− 1.13 to − 0.06]* −0.33 [− 1.72 to − 0.05]*

ART + DI 0.07 [− 2.91 to 3.05] 0.80 [− 3.73 to 5.34]

APD + HTN + CBA −1.45 [−3.23 to − 0.33]* −0.18 [− 2.90 to 2.35]

APD + HTN + DI −1.28 [− 3.85 to 1.27] −1.80 [− 4.68 to − 0.09]*

HTN + ART+CBA −0.89 [− 3.19 to − 0.32]* 1.23 [− 2.16 to 4.63]

HTN + ART+DI 2.75 [− 0.10 to 5.61] −3.14 [− 6.32 to − 0.03]*

APD_ART_VI −0.56 [− 2.89 to 1.75] −0.60 [− 3.36 to 2.15]

ART+CBA + CLD −3.13 [− 9.24 to − 0.09]* 2.66 [− 3.37 to 8.71]

ART+CBA + VI −0.54 [− 3.26 to 2.17] 0.23 [− 3.74 to 4.20]

APD + CBA + VI −1.46 [− 3.81 to 0.88] 0.95 [− 2.87 to 4.77]

*Significant false discovery rate adjusted p value < 0.05; adjusted for age, sex,
caste, education, income, marital status, religion, multimorbidity, place of
living and Facility
APD Acid peptic disease, HTN Hypertension, ART Arthritis, DI Diabetes, CBA
Chronic backache, VI Visual impairment, DF Deafness, CLD Chronic
lungs disease
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of multimorbidity on health related quality of life. The
use of a representative sample of the primary care popu-
lation, an iterative process for study tool development
and validation, training of interviewers, and the fact of
being the first Indian study to investigate the association
between chronic disease multimorbidity and HRQoL in
adult primary care patients are the key strengths.

Implications for policy, practice and research
Our study provides the first ever report on health related
quality of life in multimorbidity in an Indian primary care
population. We found an inverse relationship between the
number of chronic conditions and HRQoL, for both phys-
ical and mental domains. However, the number of chronic
diseases and severity correlate better with quality of well-
being than count alone. Thus, assessment of multimorbid-
ity burden should include severity along with the number
of individual chronic conditions.
Given the significantly high impairment of physical

and mental QoL in patients with multimorbidity aged
above 50 years, it is important to ascertain the care
needs and design plans specific for this age group.
This necessitates a functional amalgamation between
three national level programs in the country i.e. geri-
atric care, NCD Control and mental health towards
an horizontally integrated care model for elderly pa-
tients with multimorbidity under the umbrella of pri-
mary care.

Conclusion
Specific combinations of chronic conditions appear to
have differential effects on HRQoL. The amplified effect
of musculoskeletal condition on QoL has strong policy
implications since the extant national NCD control
program is yet to include arthritic conditions under its
ambit. While designing clinical management guidelines
for multimorbidity, priority is to be accorded to clusters
having musculoskeletal diseases tailored therapeutic
plans. These need to be tested in primary care practice.
It may be prudent to include severity as an intermedi-
ary patient reported outcome measure to evaluate the
effectiveness of these interventions. Future research
should consider pursuit of a primary care cohort of
multimorbidity, follow the trajectory and analyse the
interactions of conditions. This would provide a strong
methodological setting to investigate the long-term ef-
fects of strategies to improve HRQoL in different sub-
groups and inform primary care policy.

Additional file

Additional file 1: Table S1. Linear regression model for eight
components of SF-12 for number of chronic conditions. (DOCX 14 kb)

Abbreviations
ANOVA: Analysis of covariance; BP: Bodily pain; CHC: Community Health
Centre; CI: Confidence interval; GH: General Health; HRQoL: Health related
quality of life; LMIC: Low and Middle Income Countries; MAQ –
PC: Multimorbidity assessment questionnaire-primary care; MCS: Mental
component score; MH: Mental Health; NCD: Non communicable diseases;
PCS: Physical component score; PF: Physical functioning; PHQ − 9: Patient
Health Questionnaire-9; QoL: Quality of life; RP: Role physical; SDH: Social
Determinants of Health; SE: Role social emotional; SF: Social functioning;
US: United States; VIF: Variation inflation factor; VS: Vitality scale

Acknowledgements
The authors are grateful to Prof Chris Salisbury, Centre for Academic Primary
Care, NIHR School for Primary Care Research, Bristol Medical School,
University of Bristol, Bristol, UK for his insightful inputs towards the study
design and data collection and management and helpful guidance. We
sincerely thank the State Health & Family Welfare Department, Odisha the
Indian Medical Association, Odisha for their kind support. The authors would
like to express special thanks to all participating patients and primary care
practitioners for providing valuable information and sharing their
experiences.

Authors’ contributions
SP conceptualized the study and designed the manuscript. SS, JK, JM and
MA contributed to study design. SS performed the data management; MVA
contributed to the statistical analysis. JK, JM, SS and MA contributed
substantially to the interpretation. All authors were involved in drafting the
manuscript and reviewing. All authors have approved the manuscript.

Funding
This work was supported by a Wellcome Trust Capacity Strengthening
Strategic Award to the Public Health Foundation of India and a consortium
of UK universities. The funders had no role in the study design, data
collection and analysis, data interpretation, decision to publish, or
preparation of the manuscript. The corresponding author, who is the
principal investigator of the study, had full access to all the data in the study
and had final responsibility for the decision to submit for publication.

Availability of data and materials
The datasets used and/or analysed during the current study are available
from the corresponding author upon valid request.

Ethics approval and consent to participate
The study adhered to the Declaration of Helsinki principles and was
approved by the Institutional Ethics Committee of Public Health Foundation
of India, New Delhi (Vide no. TRC-IEC-173/13). The physicians in charge of
the health facilities were contacted and their permission was obtained in
prior. Written informed consent was obtained from all respondents following
an explanation of the study aims and procedures. All necessary measures
were taken to preserve patient anonymity and confidentiality.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1ICMR Regional Medical Research Centre, Bhubaneswar, Department of
Health Research, Chandrasekharpur, Indian Council of Medical Research,
Bhubaneswar, Odisha 751023, India. 2Indian Institute of Public Health,
Bhubaneswar, Public Health Foundation of India, And School of Medicine,
University of Nottingham, Clinical Sciences Building, City Hospital,
Nottingham, UK. 3Dept. Family Medicine, School Caphri, Maastricht
University, Maastricht, The Netherlands. 4Academic Centre of General
Practice/Department of Public Health and Primary Care, KU Leuven, Leuven,
Belgium. 5Institute of General Practice, Johann Wolfgang Goethe University,
Frankfurt am Main, Germany.

Pati et al. Health and Quality of Life Outcomes          (2019) 17:116 Page 9 of 11

https://doi.org/10.1186/s12955-019-1180-3


Received: 8 February 2019 Accepted: 11 June 2019

References
1. Boutayeb A, Boutayeb S. The burden of non communicable diseases in

developing countries. Int J Equity Health. 2005;4, 2.
2. NCD Alliance Report 2012-2013. Putting non-communicable diseases on the

global agenda [Internet]. WHO; 2012 [cited 2013 May 30]. Available from:
www.ncdalliance.org/Report2012.

3. van den AM, Buntinx F, Knottnerus JA. Comorbidity or multimorbidity. Eur J
Gen Pract. 1996;2(2):65–70.

4. Barnett K, Mercer SW, Norbury M, Watt G, Wyke S, Guthrie B. Epidemiology
of multimorbidity and implications for health care, research, and medical
education: a cross-sectional study. Lancet. 2012;380(9836):37–43.

5. Arokiasamy P, Uttamacharya, Jain K. Multi-Morbidity, Functional limitations,
and self-rated health among older adults in India. SAGE Open 2015 [cited
2015 Apr 23];5(1). Available from: http://sgo.sagepub.com/content/5/1/
2158244015571640

6. Pati S, Swain S, Hussain MA, Kadam S, Salisbury C. Prevalence, correlates,
and outcomes of multimorbidity among patients attending primary Care in
Odisha, India. Ann Fam Med. 2015;13(5):446–50.

7. Mercer SW, Watt GCM. The inverse care law: clinical primary care
encounters in deprived and affluent areas of Scotland. Ann Fam Med. 2007;
5(6):503–10.

8. Fortin M, Lapointe L, Hudon C, Vanasse A, Ntetu AL, Maltais D.
Multimorbidity and quality of life in primary care: a systematic review.
Health Qual Life Outcomes. 2004;2:51.

9. Ryan A, Wallace E, O’Hara P, Smith SM. Multimorbidity and functional
decline in community-dwelling adults: a systematic review. Health Qual Life
Outcomes. 2015;13:168.

10. Kanesarajah J, Waller M, Whitty JA, Mishra GD. Multimorbidity and quality of
life at mid-life: a systematic review of general population studies. Maturitas.
2018;109:53–62.

11. Nunes BP, Flores TR, Mielke GI, Thumé E, Facchini LA. Multimorbidity and
mortality in older adults: a systematic review and meta-analysis. Arch
Gerontol Geriatr. 2016;67:130–8.

12. Bowling CB, Plantinga L, Phillips LS, McClellan W, Echt K, Chumbler N, et al.
Association of Multimorbidity with mortality and healthcare utilization in
chronic kidney disease. J Am Geriatr Soc. 2017;65(4):704–11.

13. Fayers P, Machin D. Quality of life the assessment, analysis and
interpretation of patient-reported outcomes [internet]. New York, NY: John
Wiley & Sons; 2013. [cited 2018 Nov 28]. Available from: http://nbn-
resolving.de/urn:nbn:de:101:1-20141008320

14. Alonso-Morán E, Nuño-Solinís R, Orueta JF, Fernandez-Ruanova B, Alday-
Jurado A, Gutiérrez-Fraile E. Health-related quality of life and multimorbidity
in community-dwelling telecare-assisted elders in the Basque Country. Eur J
Intern Med. 2015;26(3):169–75.

15. Arokiasamy P, Uttamacharya U, Jain K, Biritwum RB, Yawson AE, Wu F, et al.
The impact of multimorbidity on adult physical and mental health in low-
and middle-income countries: what does the study on global ageing and
adult health (SAGE) reveal? BMC Med. 2015;13:178.

16. Pati S, Swain S, Hussain MA, van den Akker M, Metsemakers J, Knottnerus
JA, et al. Prevalence and outcomes of multimorbidity in South Asia: a
systematic review. BMJ Open. 2015;5(10):e007235.

17. Arokiasamy P. India’s escalating burden of non-communicable diseases.
Lancet Glob Health. 2018;6(12):e1262–3.

18. WHO | Global status report on noncommunicable diseases 2014 [Internet].
WHO. [cited 2018 May 12]. Available from: http://www.who.int/nmh/
publications/ncd-status-report-2014/en/

19. Banjare P, Pradhan J. Socio-economic inequalities in the prevalence of
multi-morbidity among the rural elderly in Bargarh District of Odisha (India).
PLoS One. 2014;9(6):e97832.

20. Pati S, Swain S, Metsemakers J, Knottnerus JA, van den Akker M. Pattern and
severity of multimorbidity among patients attending primary care settings
in Odisha, India. PLoS One. 2017;12(9):e0183966.

21. Jain N, Kumar A, Nandraj S, Furtado KM. NSSO 71st round same data,
multiple interpretations. Economic & Political Weekly. 2015;I:46–7.

22. Pati S, Hussain MA, Swain S, Salisbury C, Metsemakers JFM, Knottnerus JA, et
al. Development and validation of a questionnaire to assess multimorbidity
in primary care: an Indian experience. BioMed Res Int [Internet]. 2016 [cited

2016 Aug 16];2016. Available from: http://www.ncbi.nlm.nih.gov/pmc/
articles/PMC4761379/

23. Swain S, Pati S, Pati S. A chart review of morbidity patterns among adult
patients attending primary care setting in urban Odisha, India: an
international classification of primary care experience. J Fam Med Prim Care.
2017;6(2):316.

24. Poongothai S, Pradeepa R, Ganesan A, Mohan V. Reliability and validity of a
modified PHQ-9 item inventory (PHQ-12) as a screening instrument for
assessing depression in Asian Indians (CURES-65). J Assoc Physicians India.
2009;57:147–52.

25. Avasthi A, Ghosh A. Depression in primary care: challenges & controversies.
Indian J Med Res. 2014;139(2):188–90.

26. Amin G, Shah S, Vankar GK. The prevelance and recognition of depression
in primary care. Indian J Psychiatry. 1998;40(4):364–9.

27. Bayliss EA, Ellis JL, Steiner JF. Subjective assessments of comorbidity
correlate with quality of life health outcomes: initial validation of a
comorbidity assessment instrument. Health Qual Life Outcomes. 2005;
3(1):51.

28. Ware J, Kosinski M, Keller SD. A 12-item short-form health survey:
construction of scales and preliminary tests of reliability and validity. Med
Care. 1996;34(3):220–33.

29. Sinha R, van den Heuvel WJA, Arokiasamy P. Validity and reliability of MOS
short form health survey (SF-36) for use in India. Indian J Community Med
Off Publ Indian Assoc Prev Soc Med. 2013;38(1):22–6.

30. Forkmann T, Gauggel S, Spangenberg L, Brähler E, Glaesmer H. Dimensional
assessment of depressive severity in the elderly general population:
psychometric evaluation of the PHQ-9 using Rasch analysis. J Affect Disord.
2013;148(2–3):323–30.

31. Steinman MA, Lee SJ, John Boscardin W, Miao Y, Fung KZ, Moore KL, et al.
Patterns of multimorbidity in elderly veterans. J Am Geriatr Soc. 2012;60(10):
1872–80.

32. Benjamini Y, Yekutieli D. The control of the false discovery rate in multiple
testing under dependency. Ann Stat. 2001;29:1165–88.

33. Thakur J, Prinja S, Garg CC, Mendis S, Menabde N. Social and economic
implications of noncommunicable diseases in India. Indian J Community
Med Off Publ Indian Assoc Prev Soc Med. 2011;36(Suppl 1):S13–22.

34. Hunger M, Thorand B, Schunk M, Döring A, Menn P, Peters A, et al.
Multimorbidity and health-related quality of life in the older population:
results from the German KORA-age study. Health Qual Life Outcomes.
2011;9:53.

35. Fortin M, Bravo G, Hudon C, Lapointe L, Almirall J, Dubois M-F, et al.
Relationship between multimorbidity and health-related quality of life of
patients in primary care. Qual Life Res Int J Qual Life Asp Treat Care Rehabil.
2006;15(1):83–91.

36. de Nóbrega TCM, Jaluul O, Machado AN, Paschoal SMP, Jacob Filho W. Quality
of life and multimorbidity of elderly outpatients. Clinics. 2009;64(1):45–50.

37. Chin WY, Choi EPH, Wan EYF, Lam CLK. Health-related quality of life
mediates associations between multi-morbidity and depressive symptoms
in Chinese primary care patients. Fam Pract. 2016;33(1):61–8.

38. Lee JT, Hamid F, Pati S, Atun R, Millett C. Impact of noncommunicable disease
multimorbidity on healthcare utilisation and out-of-pocket expenditures in
middle-income countries: cross sectional analysis. PLoS One. 2015;10(7):e0127199.

39. Pati S, Agrawal S, Swain S, Lee JT, Vellakkal S, Hussain MA, et al. Non
communicable disease multimorbidity and associated health care utilization
and expenditures in India: cross-sectional study. BMC Health Serv Res
[Internet]. 2014 Oct 2 [cited 2015 Apr 23];14(1). Available from: http://www.
biomedcentral.com/1472-6963/14/451/abstract

40. Afshar S, Roderick PJ, Kowal P, Dimitrov BD, Hill AG. Multimorbidity and the
inequalities of global ageing: a cross-sectional study of 28 countries using
the world health surveys. BMC Public Health. 2015;15:776.

41. Jackson CA, Jones M, Tooth L, Mishra GD, Byles J, Dobson A. Multimorbidity
patterns are differentially associated with functional ability and decline in a
longitudinal cohort of older women. Age Ageing. 2015;44(5):810–6.

42. Marengoni A, Angleman S, Melis R, Mangialasche F, Karp A, Garmen A, et al.
Aging with multimorbidity: a systematic review of the literature. Ageing Res
Rev. 2011;10(4):430–9.

43. Verma R, Khanna P. National Program of health-Care for the Elderly in India:
a Hope for healthy ageing. Int J Prev Med. 2013;4(10):1103–7.

44. Makovski T, Schmitz S, van den Akker M, Zeegers M, Stranges S.
Multimorbidity and quality of life - systematic literature review and meta-
analysis. Rev DÉpidémiologie Santé Publique. 2018;66:S327.

Pati et al. Health and Quality of Life Outcomes          (2019) 17:116 Page 10 of 11

http://www.ncdalliance.org/Report2012
http://sgo.sagepub.com/content/5/1/2158244015571640
http://sgo.sagepub.com/content/5/1/2158244015571640
http://nbn-resolving.de/urn:nbn:de:101:1-20141008320
http://nbn-resolving.de/urn:nbn:de:101:1-20141008320
http://www.who.int/nmh/publications/ncd-status-report-2014/en/
http://www.who.int/nmh/publications/ncd-status-report-2014/en/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4761379/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4761379/
http://www.biomedcentral.com/1472-6963/14/451/abstract
http://www.biomedcentral.com/1472-6963/14/451/abstract


45. National Mental Health Programme | National Health Portal Of India
[Internet]. [cited 2018 Nov 28]. Available from: https://www.nhp.gov.in/
national-mental-health-programme_pg

46. Golechha M. The National Health Assurance Mission for India. Lancet. 2014
Sep 27;384(9949):1185–6.

47. India : International Health Care System Profiles [Internet]. [cited 2018
Nov 28]. Available from: https://international.commonwealthfund.org/
countries/india/

48. Kim K, Lee JH, Kim C-H. Impaired health-related quality of life in elderly
women is associated with multimorbidity: results from the Korean National
Health and nutrition examination survey. Gend Med. 2012;9(5):309–18.

49. Chung RY, Mercer S, Lai FTT, Yip BHK, Wong MCS, Wong SYS.
Socioeconomic determinants of multimorbidity: a population-based
household survey of Hong Kong Chinese. PLoS ONE [Internet]. 2015;10(10)
Available from: https://www.scopus.com/inward/record.uri?eid=2-s2.0-
84948655798&doi=10.1371%2fjournal.pone.0140040&partnerID=40&md5=
d162d861d61e438c524960d62acb6ab6.

50. Jackson CA, Dobson AJ, Tooth LR, Mishra GD. Lifestyle and socioeconomic
determinants of multimorbidity patterns among mid-aged women: a
longitudinal study. PLoS ONE [Internet]. 2016;11(6) Available from: https://
www.scopus.com/inward/record.uri?eid=2-s2.0-84974831060&doi=10.
1371%2fjournal.pone.0156804&partnerID=40&md5=16e5617fb0081e349
1e16c712987bf53.

51. Jensen NL, Pedersen HS, Vestergaard M, Mercer SW, Glümer C, Prior A. The
impact of socioeconomic status and multimorbidity on mortality: a
population-based cohort study. Clin Epidemiol. 2017;9:279–89.

52. Pathirana TI, Jackson CA. Socioeconomic status and multimorbidity: a
systematic review and meta-analysis. Aust N Z J Public Health. 2018;
42(2):186–94.

53. WHO | About social determinants of health [Internet]. WHO. [cited 2018
Nov 28]. Available from: http://www.who.int/social_determinants/sdh_
definition/en/

54. Larsen FB, Pedersen MH, Friis K, Glümer C, Lasgaard M. A latent class
analysis of multimorbidity and the relationship to socio-demographic
factors and health-related quality of life. A National Population-Based Study
of 162,283 Danish adults. PLoS One. 2017;12(1):e0169426.

55. Prados-Torres A, Calderón-Larrañaga A, Hancco-Saavedra J, Poblador-Plou B,
van den Akker M. Multimorbidity patterns: a systematic review. J Clin
Epidemiol. 2014;67(3):254–66.

56. Tann SS, Yabiku ST, Okamoto SK, Yanow J. Triadd: The risk for alcohol abuse,
depression, and diabetes multimorbidity in the American Indian and Alaska
native population. Am Indian Alsk Native Ment Health Res. 2007;14(1):1–23.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Pati et al. Health and Quality of Life Outcomes          (2019) 17:116 Page 11 of 11

https://www.nhp.gov.in/national-mental-health-programme_pg
https://www.nhp.gov.in/national-mental-health-programme_pg
https://international.commonwealthfund.org/countries/india/
https://international.commonwealthfund.org/countries/india/
https://www.scopus.com/inward/record.uri?eid=2-s2.0-84948655798&doi=10.1371%2fjournal.pone.0140040&partnerID=40&md5=d162d861d61e438c524960d62acb6ab6
https://www.scopus.com/inward/record.uri?eid=2-s2.0-84948655798&doi=10.1371%2fjournal.pone.0140040&partnerID=40&md5=d162d861d61e438c524960d62acb6ab6
https://www.scopus.com/inward/record.uri?eid=2-s2.0-84948655798&doi=10.1371%2fjournal.pone.0140040&partnerID=40&md5=d162d861d61e438c524960d62acb6ab6
https://www.scopus.com/inward/record.uri?eid=2-s2.0-84974831060&doi=10.1371%2fjournal.pone.0156804&partnerID=40&md5=16e5617fb0081e3491e16c712987bf53
https://www.scopus.com/inward/record.uri?eid=2-s2.0-84974831060&doi=10.1371%2fjournal.pone.0156804&partnerID=40&md5=16e5617fb0081e3491e16c712987bf53
https://www.scopus.com/inward/record.uri?eid=2-s2.0-84974831060&doi=10.1371%2fjournal.pone.0156804&partnerID=40&md5=16e5617fb0081e3491e16c712987bf53
https://www.scopus.com/inward/record.uri?eid=2-s2.0-84974831060&doi=10.1371%2fjournal.pone.0156804&partnerID=40&md5=16e5617fb0081e3491e16c712987bf53
http://www.who.int/social_determinants/sdh_definition/en/
http://www.who.int/social_determinants/sdh_definition/en/

	Abstract
	Background
	Methods
	Results
	Conclusion

	Introduction
	Methods
	Study sample
	Data collection
	Data analysis

	Results
	Discussion
	Strengths and limitations
	Implications for policy, practice and research

	Conclusion
	Additional file
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

