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Abstract

As life expectancies increase and healthcare improves, increasing numbers of the
population can expect to live with combinations of two or more chronic non-
communicable diseases (NCDs). Population studies suggest that more than half of
older-aged adults report having multiple chronic NCDs (multimorbidities) and two-
thirds of total health spending in high-income countries is accounted for by patients
with multimorbidities. Beyond the need to obviate the growing burden on healthcare
systems, the increasing incidence and prevalence of multimorbidity and its effects
requires further investigation. Using nationally representative data from a Russian
population survey, we examine the impact of chronic NCDs on self-assessed health,
explore the prevalence of multimorbidity and, applying an iterative partial proportional
odds estimator, examine how different combinations of chronic NCDs interact to
influence self-assessed health. Confirming that there are high levels of chronic NCDs
and associated multimorbidities, we find that the impact of these on self-assessed health
is greater than previous estimates suggested but that, where there are dual morbidities,
the effect of the additional disease is weaker than it would have been if experienced as a
single condition. We conclude that individuals possess critical adaptive psychological
mechanisms which attenuate the incremental health impact of additional chronic
NCDs. These are important for understanding the relationship between illness and
the quality of life.
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Introduction

Accounting for two-thirds of global deaths, chronic non-communicable diseases (NCDs)
are the leading cause of global mortality and morbidity (United Nations 2011). The
simultaneous experience of multiple chronic NCDs is now more prevalent than single
condition chronic morbidity (Starfield 2006; Howard et al. 2010). Population studies
suggest that over half of elderly adults are experiencing multiple chronic NCDs
(Marengoni et al. 2011), and spending on patients with more than one chronic NCD
now accounts for around two-thirds of total health spending in high-income countries
(Parekh and Barton 2010). In Russia, the focus of this research, over 40% of the
population currently report living with more than one chronic NCD (Kaneva et al. 2018).

Beyond the need to obviate the growing burden on healthcare systems, the increas-
ing incidence and prevalence of multimorbidity poses a set of questions requiring
further investigation.'! From the diagnostic perspective, multimorbidity complicates
disease pathologies, necessitates new approaches to diagnostic classification and pre-
sents major challenges in terms of treatment norms and the management of illness.
From the patient perspective, more complicated disease management protocol and the
anticipation of complex polypharmacy can impact both adherence to medication and
healthcare utilisation itself. From the public health perspective, better understanding is
needed of the socioeconomic and demographic drivers of multimorbidity (Lorig et al.
2006; Gurthrie et al. 2011), the impacts of different combinations of chronic NCDs and
the role that integrated preventive medicine can play in reducing the negative effects of
multimorbidity. From the economic perspective, for policy makers to make efficient
intervention decisions, it is essential to understand how individuals experience
multimorbidity and how it impacts on their quality of life (Hausman 2008).

Across the public health, social epidemiology, psychology, quality of life and health
economics literature, there has been a steady growth of interest in studying chronic
illnesses and their negative effect on individual well-being in different countries (Fortin
et al. 2004; Garin et al. 2016; Kaneva et al. 2018; Mavaddat et al. 2014; McDaid et al.
2013; Momtaz et al. 2010). Besides a strand within this literature which confirms the
intuitive idea that experiencing multiple illnesses is worse for individual well-being
than having a single illness (Arokiasamy et al. 2015; Kaneva et al. 2018; McDaid et al.
2013; Mavaddat et al. 2014; Momtaz et al. 2010), there is a separate body of literature
emerging which investigates whether and how internal mechanisms of adaptation and
adjustment may complicate the relationship between objective and subjective quality of
life measures at the level of the individual (Salas and Vigorito 2019). Studies of
individuals living with chronic NCDs (Cubi-Molla et al. 2017; Mathew et al. 2012;
McTaggard-Cowan et al. 2011), experiencing persistent pain (McNamee and Mendolia
2014) or coping with disability (Antonak and Livneh 1995; Brickman and Coates
1978; Oswald and Powdthavee 2008) suggest that individuals are able to adapt to their
circumstances in ways which attenuate the potential cumulative effect of multiple
chronic illnesses.

! In this paper, the term multimorbidity is used rather than comorbidity on the basis that it has a broad and less
clinically oriented interpretation, as the simultaneous presence of two or more chronic medical conditions in an
individual (Ording and Sorensen 2013).
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In the recent economics literature, adaptation has been examined through application
of econometric techniques using data on self-assessed health and well-being from
individual and household surveys. Oswald and Powdthavee (2008), drawing on life
satisfaction data from the British Household Panel Survey, find that individuals
experiencing the onset of disability recover between 30 and 50% of their pre-
disability life satisfaction in subsequent years, when living with the disability. An
Australian-based study, by McNamee and Mendolia (2014), argues that, among indi-
viduals with chronic pain, it is females that adapt more effectively. Cubi-Molla et al.
(2017), applying a dynamic econometric framework to British Cohort Studies data, find
that individuals suffering from a chronic disease are less likely to self-assess their health
positively, but that longer durations of living with the chronic disease tend to counter
balance this effect over time.

Underpinning these empirical approaches is the idea that a respondent’s self-
evaluation of their health state may be affected by factors other than their clinical
health condition (Cubi-Molla et al. 2017). For example, a person experiencing a
chronic NCD for the first time may calibrate their well-being according to different
internal standards compared with somebody with pre-existing conditions or with
experience of living with a particular condition. In either case, a form of adaptation
or adjustment to the experience of living with chronic NCDs can produce poten-
tially positive changes in how individuals feel about their health and well-being
without any notable change in their underlying clinical condition (Ambrosio et al.
2015; Antonak and Livneh 1995; Livneh and Antonak 2005; Moss-Morris 2013;
Telford et al. 2006).

The predominant theoretical models that capture these processes of adaptation fall
into two main paradigms. The stage theory paradigm, which has been influential in the
palliative care setting, posits that individuals adapt by moving through a series of
phases, including denial, depression, anger, acknowledgment and adjustment (Antonak
and Livneh 1995; Kiibler-Ross and Kessler 2014). The second paradigm pivots around
the idea that individuals adapt by engaging with a series of adaptive tasks, which are
procedurally non-linear and are cognitively unique to the individual (Cohen and
Lazarus 1979; Corr et al. 2003; Samson and Siam 2008). Underlying both approaches
is an understanding of adaptation as “an intrapsychic process through which past,
present, and future situations and circumstances are given such cognitive and emotional
meaning that an acceptable level of well-being is achieved. Adaptation in this sense is
used for ‘psychological recuperation after a setback™ (Heynik 1993, p. 1332). In the
context of multimorbidity, the varieties of chronic illness, and the ways in which they
impact on the body and mind, shape the adaptation process, exacerbating challenges
where more severe and disabling illnesses are involved (Cubi-Molla et al. 2017) and
raising important but difficult questions concerning how different combinations and
quantities of chronic illness relate to the adaptation process.

Using the Russian data, the objective of this study is to contribute to the public
health, quality of life and health outcome literature on multimorbidity and health care
reform. We explore whether incremental morbidities are experienced synergistically or
whether there appear to be mechanisms which attenuate the impact on the individual of
an additional NCD. We explain how and why this is significant for policy makers and
medical practitioners concerned with enhancing qualify of life within their populations
of interest.
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Data and Methods

This research uses data from Phase II of the Russia Longitudinal Monitoring Survey—
Higher School of Economics household survey (hereafter RLMS), yielding a nationally
representative population sample from a repeated cross-section survey undertaken each
autumn since 1994 (other than in 1997 and 1999).> The survey is based on the principle
of ‘repeated sampling of dwellings’, in which all household members are interviewed
each year (if they can be contacted within three visits), and then the dwelling itself
(rather than the household) is followed. The survey collects data across a rich range of
socioeconomic, demographic and health characteristics of the population. We draw on
data from 2013 to 2016 inclusive, providing a total sample, with full information for the
core baseline variables and no chronic NCDs of 24,798. This sample, which we refer to
as the ‘healthy baseline population’, is increased by up to 1750 observations as we add
respondents reporting different chronic NCDs.

The dependent variable is derived from a standard survey instrument: ‘Tell me, please:
how would you evaluate your health?” (very good, good, average, bad or very bad). From
this, we create a three-level health state variable (SAH) by merging the categories ‘very
good’ and ‘good’ into a category ‘good health’ (67.8% in the ‘healthy’ baseline regression),
‘bad’ and “very bad’ into a category ‘bad health’ (0.6% in the ‘healthy’ baseline regression),
with the remainder classified as ‘average health’ (31.7% in the baseline regression). The
main independent variables of interest are those pertaining to 17 self-reported chronic
NCDs,3 the prevalence of which is illustrated in Fig. 1.

Chronic NCDs are common among the Russian population but consistent with what
we know about the greater engagement that females have with healthcare systems; for
all 17 diseases, the reported prevalence is higher among females. For both males and
females, the most commonly reported NCD is hypertensive heart disease (high blood
pressure), with almost one-third of women and one-fifth of men reporting high blood
pressure. The other NCDs, among the top five, are joint disease, gastrointestinal
disease, spinal problems and heart disease, with prevalence rates ranging between 15
and 25% for women, compared with 9% and 14% for men. Given that cardiovascular
disease is the leading cause of male mortality in Russia (Kaneva et al. 2018), it is likely
that the (relatively low) reported prevalence rates for high blood pressure and heart
disease reflect the failure of males to present to the healthcare system and thus to have
learned about their conditions.

Following the previous literature (e.g. Garin et al. 2016), we identify complex
associative multimorbidities in our data, and to capture the scale and range of (dual)
multimorbidities, we present them in tabular form in Appendix Figure 2, in which the
size of the shaded circle mirrors the prevalence of the respective dual morbidity.* There

2 The RLMS is conducted by the National Research University ‘Higher School of Economics’ and ZAO
‘Demoscope’ together with Carolina Population Center, University of North Carolina at Chapel Hill and the
Institute of Sociology RAS, www.cpc.unc.edu/projects/rims-hse and www.hse.ru/org/hse/rlms.

3 Heart disease, lung disease, liver disease, kidney disease, gastrointestinal disease, spinal conditions, endo-
crine disease and diabetes, hyperintensive heart/blood pressure, joint disease, disease of the upper respiratory
tract, neurological disease, eye disease, allergies, varicose veins, skin disease, oncological disease, urogenital
system disease.

4 An ‘associative multimorbidity” refers to diseases with a statistical association not known to be causal or not
known to share common pathogenic mechanisms or origins (Starfield 2006).
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NCD prevalence in males and females
(RLMS, 2013-2016)
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Fig. 1 Prevalence of chronic illness reported in the Russia Longitudinal Monitoring Survey, 2013-2016

are 18 combinations with prevalence of over 50%, an additional 25 with prevalence
between 40 and 50%, a further 62 with prevalence between 25 and 40% and 167 with
less than 25% prevalence. The strongest dual morbidities involve combinations with
high blood pressure and joint disease. For these two conditions alone, all related dual
morbidities are at least 35%, and two-thirds of them are greater than 50%. The
categories of heart disease, gastrointestinal disease and spinal conditions are also
strongly featured among the common combinations we observe. In these data, heart
disease exhibits dual morbidity rates of over 40% with liver disease, diabetes, high
blood pressure, oncological disease and urogenital system disease, as well as high
multimorbidity rates with kidney, neurological and joint disease. To maximise cell size
and produce plausible estimates, in our econometric work, we focus on the 18 dual
multimorbidities with prevalence of over 50%.

The independent variables comprise of a typical set of explanatory variables, including
gender, age, marital status, education, work status, religious affiliation, individual income
quintile, presence of children in the household, houschold size, regional location and
settlement type. These allow us to explore how socioeconomic and demographic charac-
teristics influence self-assessed health outcomes in the presence of chronic NCDs and the
related combinations of NCDs. The healthy baseline sample is evenly split in terms of
gender. The largest age group is the 14-34 age group (46%), with 30% in the 35-49 age
bracket and just 3% aged over 64. Almost two-thirds of the sample are married, and a
similar proportion have children, while the average household size is 3.77. Concerning
education, 25% of the respondents have a university degree and around one-fifth have
incomplete secondary education. Two-thirds of the sample are active in the labour market,
while a fifth are formally outside of the labour force, either on maternity (or other) leave or
in full-time education. The sample is distributed across the income quintiles, with higher
representation among the lowest and highest quintiles. Full variable definitions and
descriptive statistics are presented in Appendix Table 4.
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As explained above, we have merged the categories ‘bad’ and ‘very bad’, and ‘good’
and ‘very good’ to form a dependent variable (SAH) with three categories (good,
average and bad) which are ordered so that higher values are associated with progres-
sively less good health conditions. We apply an iterative partial proportional odds
model—a special case of the generalized ordered logit model—of the following form:

NP _ep(y+XB) B
P(Y,>j)—g(Xﬁj)—l+{exp(aj+Xiﬁj)},]—1,2,...,M1 (1)

In (1), the probabilities of the dependent variable, ¥, taking on each of the values 1,..M, where M is the
number of categories, is equal to:

Bi1)—g(XifB;),j=2,..M-1 (2)

When M > 2, the model becomes equivalent to a series of binary logistic regressions, in
which the categories of the dependent variables are combined (Williams 2006). In this
analysis, where M =3, for the J=1 case, category one (good health) is contrasted with
categories two and three (average health and bad health) and for the J=2 case,
categories one and two (good health and average health) are contrasted with category
three (bad health). That is, when there are three categories, the generalized ordered logit
model (following an iterative process which ends once all the possible parallel lines
assumptions have been tested) produces two sets of odds ratios for each relationship
which violates the parallel lines assumption. The first set of estimates represents the
impact that a unit change in the independent variable has on the odds ratio of being in
‘bad or average health’ rather than ‘good health’ (i.e. not good health), while the second
set refers to the corresponding impact on the odds ratio of being in ‘bad health’ rather
than ‘average and good health’.

We first estimate a baseline model to ensure that the relationships between the
independent socioeconomic and demographic variables and the dependent SAH vari-
able are consistent with the literature, and so that we can observe any important changes
in these relationships when we increase the sample size to incorporate those respon-
dents reporting chronic NCDs. We then estimate the baseline regression 13 times,
incorporating the 13 most common chronic NCDs associated with the 18 most
frequently observed dual NCD morbidities. In estimating these models, we take care
to ensure that the anchor category is correctly specified and that we obtain the ‘pure’
effect of each individual condition. Put differently, we ensure that the comparator group
for each chronic condition consists of all the individuals who have not reported having
a chronic NCD (i.e. those in full health). This ensures that the reported odds ratios
reflect the ‘quality of life’ impact of having a specific chronic NCD versus having no
chronic conditions at all. Following a similar logic, we then estimate the series of 18
common combinations, comparing the impact of having one of a given pair of chronic
NCDs, and having both of those NCDs, against a baseline population with no chronic
NCDs. Obtaining the ‘pure’ effects excludes all respondents reporting any other
individual NCD or combination of NCDs in a manner that facilitates direct comparison
between the effect sizes of different conditions and combined morbidities. Since these
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excluded respondents are more likely to report bad health, the ‘cost’ of obtaining the
pure effects of each NCD and combination of NCDs is that the proportion of individ-
uals in the anchor category who report having bad health is reduced. As robustness
checks, we therefore repeat the estimates without these strict exclusion criteria and
obtain the gross effects of each condition and combination of conditions.

Results

Table 1 presents the odds ratios and associated confidence intervals for estimates of the
baseline model described above. The results are consistent with the previous literature for
Russia (Kaneva 2016; Kaneva et al. 2018) and elsewhere (Cairney 2000; Monden and
Uunk 2013), finding strong evidence that males, those with higher education and income
levels, those ‘on leave’ from the labour market, those associating with Islam and those in
the major metropolis areas (Moscow and St. Petersburg) are less likely to report average or
bad health compared with good health. In contrast, the likelihood of reporting bad or
average health increases with age, is higher among married individuals and pensioners
(even controlling for age) and increases for the residents of oblast centres and regions
outside of Moscow and St. Petersburg. The partial proportional odds model allows us to
distinguish an additional set of effects demonstrating that pensioners, the unemployed,
respondents in smaller households and those with the lowest level of education are
especially likely to report bad health rather than average or good health.”

Note that, the baseline regression is estimated on a sub-sample that reports no
chronic NCDs because, in contrast to previous literature, we want to explore what
the pure effect is of incorporating into the baseline sample those reporting specific
NCDs and combinations of NCDs. Table 2 therefore reports the corresponding odds
ratios for the 13 chronic NCDs that produce the 18 most common dual morbidities.

As expected, the odds ratios are all considerably greater than one, demonstrating that the
likelihood of reporting bad and average health rather than good health for those with
individual chronic NCDs is significantly increased compared to the sample of individuals
without chronic NCDs. These odds ratio range from 15.46 for cancer to 1.81 for varicose
veins and are all strongly statistically significant. Table 2 also indicates that there are six
cases in which the proportional odds vary between the two dependent variable classifica-
tions and that in each case, the odds for reporting bad (rather than average/good) health are
higher than the odds of reporting bad or average (rather than good) health. In these cases
(heart, lung, liver, spinal, neurological and cancer), the identification of the pure effect of
experiencing one specific chronic NCD provides overwhelming evidence that the most
severe NCDs are associated with a very strong likelihood of reporting the lowest level of
self-assessed health (e.g. OR for cancer is 82.72).

These reported effects are ‘pure’ effects in the sense that they capture the impact of
conditions experienced by an individual not reporting any other illnesses and interpreted
relative to a sample that reports no chronic conditions at all. To identify the impact of the
dual morbidities on self-assessed health, we interact each NCD with its partner NCD to

* Note that, due to the small cell size, the proportional odds model is unable to estimate the second category
for the religious denomination variables, and we therefore constrain these to be equal across categories. This
has no qualitative impact on our results.
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Table 1 Generalized ordered logit model for self-assessed health, baseline regression. Russia Longitudinal
Monitoring Survey, 2013-2016

Bad and ave. vs good Bad vs. good and ave.
OR CIL OR CIL
Gender 0.74 (0.68-0.81)
Age 2 1.56 (1.42-1.72)
Age 3 2.95 (2.59-3.36) 1.17 (0.72-1.91)
Age 4 4.11 (3.17-5.33)
Single 0.77 (0.68-0.88)
Divorced 0.96 (0.83-1.11)
Widowed 0.93 (0.76-1.15)
Kids 1.33 (1.18-1.49)
Household size 0.94 (0.91-0.96) 0.79 (0.67-0.92)
Basic education 0.83 (0.55-1.25) 337 (1.65-6.88)
Incomplete secondary 0.95 (0.85-1.07)
Technical & medical 0.89 (0.80-0.98)
University 0.80 (0.72-0.89)
Pensioner 1.55 (1.28-1.88) 5.18 (3.18-8.42)
Out of labour force 0.70 (0.62-0.80)
Unemployed 1.06 (0.93-1.22) 2.66 (1.48-4.76)
Income decile 1 1.26 (1.10-1.44)
Income decile 2 1.31 (1.16-1.49)
Income decile 3 1.23 (1.10-1.38) 0.64 (0.36-1.16)
Income decile 4 1.04 (0.94-1.15)
Orthodox denomination 1.11 (1.00-1.24)
Islamic denomination 0.39 (0.32-0.49)
Other religion 0.95 (0.65-1.40)
PGT 0.49 (0.41-0.58) 0.98 (0.55-1.78)
Rural 0.82 (0.74-0.91)
Town 0.78 (0.71-0.87)
North and Northwest 2.07 (1.70-2.51)
Central & Central BE 2.08 (1.78-2.43)
Volga & Volga-Vyatski 1.45 (1.24-1.69)
North Caucasus 0.98 (0.82-1.18)
Urals 1.31 (1.11-1.54)
Western Siberia 1.54 (1.28-1.85)
Eastern Siberia & Far East 1.20 (1.01-1.43)
2014 1.01 (0.94-1.08)
2015 0.97 (0.90-1.04)
2016 0.88 (0.82-0.95)
Wald chi-squared (43) 1977.13
Total observations 24,798

Only the coefficients that differ to category 1 are listed in the second column
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Table 2 Generalized ordered logit models, regressions for 13 chronic NCDs (baseline + condition), dependent
variable SAH, Russia Longitudinal Monitoring Survey, 2013-20162

Bad and average vs. good Bad vs. good and average

Odds ratios CI Odds ratios CI
Heart disease 7.51b (5.77-9.78) 18.87 (12.43-26.66)
Lung disease 5.28 (4.26-6.54) 11.73 (7.84-17.56)
Liver disease 4.46 (3.37-5.90) 9.08 (5.21-15.82)
Kidney disease 3.34 (2.66-4.20)
Gastro disease 3.46 (2.95-3.80)
Spinal disease 3.45 (2.96-4.02) 6.97 (4.60-10.56)
Endocrine/diabetes 5.46 (4.07-7.30)
High blood pressure 3.57 (3.10-4.10)
Joint disease 3.70 (3.00-4.55)
Neurological disease 6.76 (4.92-9.29) 2443 (15.85-37.64)
Eye disease 2.56 (1.90-2.67)
Varicose veins 1.81 (1.43-2.29)
Cancer 15.46 (5.30-45.10) 82.72 (36.35-188.21)
Urogenitary disease 3.28 (5.09-2.16)

2 Same regressors as in baseline regressions (Table 1)

Only the coefficients that differ to category 1 are listed in the second column

obtain the interaction effects reported in Table 3. The contribution of the partner condition,
to the self-assessment, can then be isolated by multiplying the main effect of that condition
by the interaction effect. If the interaction effect is greater than one, the combined effect of
the NCDs is more than the sum of the individual NCDs (what we call, ‘synergy’); while, if
the interaction effect is less than one, the combined effect of the NCDs is below the sum of
the individual NCDs (what we call, ‘adaptation”’).

While Table 2 clearly shows that each chronic NCD significantly and negatively impacts
on self-assessed health, Table 3 shows that, where there are dual morbidities, there is no
evidence in support of a synergistic effect. Specifically, in nearly all cases, the interaction
term is well below one, is statistically significant and covers a relatively narrow range
between 0.20 (cancer interacted with blood pressure) and 0.58 (diabetes interacted with
blood pressure). In the former case, this suggests that the impact of high blood pressure on
the likelihood of reporting bad/average health (rather than good health), given the individual
has self-reported cancer, is about one-fifth what the effect would have been (OR =3.57) had
the individual been in otherwise full health. In the case of diabetes and blood pressure, the
impact of the second disease, in the presence of the first, is around half what it would have
been had the first not existed. Put differently, in nearly all cases, the effect of one of the
diseases of interest on self-assessed health is much weaker in the presence of another disease
than it would be if experienced alone as a single chronic NCD.°

® The proportional odds model is unable to produce estimates for the interaction of urogenitary disease and
blood pressure, and we therefore constrain these to be equal across categories. This has no qualitative impact
on our results.
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Table 3 Generalized ordered logit models, regressions with interactions for 18 most common comorbidities
regressions for 13 chronic NCDs (baseline + condition), dependent variable SAH, Russia Longitudinal
Monitoring Survey, 2013-2016*

Bad and average vs. good Bad vs. good and average
Odds ratios CI Odds ratios CI
Heart x pressure 0.34 (0.24-0.49)
Liver x pressure 0.45 (0.23-0.88)
Kidney X pressure 0.41 (0.21-0.81)
Spine x pressure 0.42 (0.28-0.63)
Diabetes x pressure 0.58 (0.36-0.92)
Joint x pressure 0.38 (0.28-0.53)
Neurological x pressure 0.51 (0.28-0.90)
Eye x pressure 0.43 (0.29-0.65)
Varicose veins X pressure 0.68 (0.39-1.19)
Cancer x pressure 0.20 (0.06-0.62)
Urogenitary x pressure 1.06 (0.49-2.31)
Liver x gastro 0.51 (0.31-0.86)
Heart x joint 0.79 (0.24-2.56) 0.20 (0.10-0.43)
Liver x joint 0.51 (0.31-0.86)
Spinal x joint 0.46 (0.32-0.66)
Neurological x joint 0.26 (0.12-0.56)
Varicose Veins x joint 0.48 (0.29-0.81)
Urogenitary x joint 0.42 (0.11-1.52)

2 Individual effect assumed to be as per the regressions in Table 2 above; only interactions reported

Only the coefficients that differ to category 1 are listed in the second column

Finally, these results are robust to different specifications and different approaches to
identify the anchor condition as well as returning plausible results concerning the relation-
ship between self-assessed health and socioeconomic and demographic indicators, which
are consistent across specifications and sub-samples and are robust to different combinations
of independent variables being used within the empirical framework. In results excluded
from this paper due to space constraints, we estimate the impact of an individual reporting a
new chronic condition, controlling for existing conditions and then examining an interaction
effect of the new NCD and the existing number of NCDs. We find that a new NCD is bad
for self-assessed health, having more NCDs is also bad for self-assessed health but—in an
echo of our main results—the interaction effects produce odds ratios of less than one. That
is, the new NCD has a lower incremental impact on SAH than it would have done in the
absence of other NCDs.

Discussion

This paper explored the relationship between 17 chronic NCDs, their associated
multimorbidities and self-assessed health in Russia. The prevalence of chronic NCDs
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and combinations of more than one NCD is high in Russia. Almost one-third of women
and one-fifth of men report having high blood pressure; prevalence rates for joint
disease, gastrointestinal disease, spinal problems and heart disease, range between 15
and 25% for women, and 9 and 14% for men; and there are 18 dual combinations of
chronic NCDs with prevalence higher than 50%.

The pure effects (on the likelihood of not reporting good health) of each individual
NCD are strongly statistically significant, with odds ratios considerably greater than
one, ranging from 15.46 for cancer to 1.81 for varicose veins. In comparison with the
odds ratios reported by Kaneva et al. (2018), these reported ratios are an order of
magnitude higher, and unlike in that paper, we find significant effects for seemingly
less severe NCDs such as allergies, eye disease and varicose veins. This is because we
are specifically identifying the pure effect of having exactly one NCD relative to a
sample baseline with no other NCDs. This represents an important difference between
our approach and that typical in the literature. It allows us to see, for example, that in
comparison with a (healthy) baseline group with no chronic NCDs, having varicose
veins does have real negative effects on health satisfaction.

Turning to multimorbidity, we find that the odds ratios for the interaction effects
between common morbidities are significant and less than one, indicating that the total
effect of any two NCDs is smaller than would be the case, were we to simply aggregate
the two corresponding individual effects. To illustrate, the independent pure effects (in
odds ratios) of heart disease and high blood pressure are respectively 7.51 and 3.57,
while the interaction effect is 0.34. Ignoring the interaction effect implies an odds ratio
of 26.8 for this combination of conditions, while factoring in the interaction effect,
produces an alternative and much reduced odds ratio of 9.12.

This is a significant finding, reflecting that, when an individual suffers from a
chronic condition, there is both a direct (physical) and an indirect (psychological) effect
of the illness. The indirect effect includes factors relating to lifestyle changes, the costs
of adhering to complex treatment regimens, the diminished ability to participate in
activities and the ongoing anxiety regarding the prognosis. These results (Table 3)
reflect that, even if the direct (physical) effects are synergistic, individuals are better
equipped (psychologically) for adapting to the indirect psychological costs of a second
illness. Moreover, this adaptation effect is bigger the more severe one of the NCDs is.
In other words, individuals make significant adaptations as they accumulate additional
NCDs—a process, which most plausibly stems from the indirect, psychological effects
of illness, rather than the direct physical effects.

This is the central finding of our paper, and it is important for at least three reasons.
First, it provides empirical evidence consistent with theories of indirect psychological,
physical and lifestyle adaptation to major life transitions. The results demonstrate that
an accumulation of NCDs gives rise to processes that reflect the idea of adaptation as
‘an intrapsychic process in which past, present, and future situations and circumstances
are given such cognitive and emotional meaning that an acceptable level of well-being
is achieved’ (Heynik 1993). Second, adaptation is also consistent with economic
models of health (Grossman 1972) which are predicated on a non-linear health
production function. Adaptation should therefore be factored into the management of
multimorbidity, the measurement of quality of life and the allocation of scarce re-
sources, in addition to incorporation within complex disease management and other
clinical protocol (Hausman 2008). Third, the global advance of multimorbidity opens
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up new demands for healthcare intervention. Indeed, as we grow to understand the
qualitative impact that multimorbidity has on individual lives, the complex implications
for policy making and resource allocation will also merit greater consideration.

The study is not without limitations. First, this is a population study and not a patient
study. While it is not inconceivable that a hospital study of patients would identify
different processes of adaptation, our concern is specifically with the adaptation of the
population to common illnesses they encounter. Second, in identifying the pure effect
of chronic NCDs, we necessarily sacrifice sample size, but we argue that this is a
necessary trade-off in order to identify the actual effects on self-assessed health of
specific diseases. Third, there are those that caution against self-assessed measures of
health. However, not only has previous research shown that it is a good predictor of
both morbidity and mortality (Mossey and Shapiro 1982; Kaplan and Camacho 1983)
but there is a strong argument, beyond this, that how individuals feel about their health
is important regardless of clinical diagnosis. Indeed, this argument lies at the heart of
Health Technology Assessment techniques (WHO 2015).

Conclusion

With ageing populations, higher life expectancies and growing technological opportu-
nities, multiple chronic illness is becoming one of the foremost health system chal-
lenges of the twenty-first century. Aside from growing and complex demands on
healthcare systems, growing numbers of people will be faced with the task of adapting
to life with multiple chronic NCDs. In this context, understanding how and whether
processes of adaptation impact on individual health-related quality of life becomes a
critical issue for policy makers, health economists and healthcare managers. This has
particular importance for Russia where, in 2014, legislative reforms (Law No. 429-FZ)
were introduced which formally embraced Health Technology Assessment and resulted
in the Ministry of Health establishing a ‘Center for Healthcare Quality Assessment and
Control’. This now serves as the main official agency in Russia charged with delivering
improved processes, guidelines, transparency and public education in the field of
healthcare decision making (Khabibullina and Gerry 2019).

In conclusion, we have provided the first estimates capturing adaptation to disease
using individual level data from Russia. We have documented high levels of chronic
NCDs and combinations of chronic NCDs; we have identified the pure effect of these
conditions and a subset of their associated multimorbidities on self-reported health, and
through exploring interaction effects, have presented compelling evidence that individ-
uals do adapt in the face of accumulating chronic NCDs. If this is the case then, through
its impact on quality of life, adaptation has implications for healthcare resource
management, clinical practice and the way in which health economics is used in public
health. Understanding how combinations of disease impact upon individuals and how
positive experiences of adaptation—within and across diseases—can be promoted, is a
multidisciplinary and multisectorial challenge, spanning the disciplines of the natural
and social sciences and calling on stakeholders from the public and private sectors.
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Fig. 2 Comorbidity in the RLMS, 2013-2016. Percentage of patients with the row NCD who also have the
column NCD. To illustrate, 73% (54%) of those reporting heart disease (row 1) report high blood pressure
(joint disease).
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Table 4 Descriptive statistics (healthy baseline sample; N =24,798)

Variable name Definition Mean (SD)
SAH Self-assessed health (1 = good health; 2 = average health; 3 = bad health) 1.33 (0.48)
Gender 0= female; 1 = male 0.51 (0.50)
Age 1% Age group 1 0.46 (0.50)
1 = individuals below 34; 0 = otherwise
Age 2 Age group 2 0.30 (0.46)
1 = individuals are aged 35-49; 0 = otherwise
Age 3 Age group 3 0.13 (0.33)
1 = individuals are aged 50—-64; 0 = otherwise
Age 4 Age group 4 0.03 (0.17)
1 = if individuals are 65-102; 0 = otherwise
Sing 1 = single; 0 = otherwise 0.27 (0.44)
Div 1 = divorced or married but not living together; 0 = otherwise 0.06 (0.25)
Wid 1 = widowed; 0 = otherwise 0.03 (0.17)
Mard* 1 = married; 0 = otherwise 0.64 (0.48)
Kids 1 = has children; 0 = otherwise 0.64 (0.48)
HH size Number of people in household (1-16) 3.78 (1.75)
Basic 1 = basic education, 6 grades or fewer; 0 = otherwise 0.01 (0.09)
Inscec 1 = incomplete secondary education; 0 = otherwise 0.20 (0.40)
Second* 1 = secondary education; 0 = otherwise 0.32 (0.47)
Tecmed 1 = technical and medical education below university education; 0 = 0.22 (0.42)
otherwise
Uni 1 = higher education or graduate degree; 0 = otherwise 0.25 (0.44)
Work* 1 = employed; 0 = otherwise 0.63 (0.48)
Pens 1 = retired; 0 = otherwise 0.06 (0.23)
Out_If 1 = out of labour force; 0 = otherwise 0.21 (0.41)
Unemp 1 = unemployed; 0 = otherwise 0.10 (0.30)
perc5_inc_duml 1= first income quintile; 0 = otherwise 0.27 (0.45)
percS_inc dum2 1= second income quintile; 0 = otherwise 0.14 (0.35)
percS_inc_dum3 1= third income quintile; 0 = otherwise 0.15 (0.36)
percS_inc dum4 1= forth income quintile; 0 = otherwise 0.24 (0.43)
percS_inc_dum5* 1 = fifth income quintile; 0 = otherwise 0.20 (0.40)
Orthod 1 = religion is Orthodoxy; 0 = otherwise 0.80 (0.41)
Isl 1 = religion is Islam; 0 = otherwise 0.09 (0.28)
Reloth 1 = another religion (not Islam or Orthodoxy); 0 = otherwise 0.01 (0.08)
Athe* 1 = atheism 0 = otherwise 0.11 (0.31)
Ob_centr* 1 = regional (oblast) centre; 0 = otherwise 0.38 (0.48)
Pgt 1 = urban-type settlement; 0 = otherwise 0.08 (0.27)
Rural 1 = rural settlement; 0 = otherwise 0.28 (0.45)
Town 1 = town; 0 = otherwise 0.27 (0.44)
North 1 = resident in North or Northwest; 0 = otherwise 0.06 (0.24)
Centr 1 = resident in Central/Central Black Earth; 0 = otherwise 0.19 (0.39)
Volga 1 = resident in Volga or Volga-Vyatski; 0 = otherwise 0.18 (0.38)
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Table 4 (continued)

Variable name Definition Mean (SD)
Cauca 1 = resident in North Caucasus; 0 = otherwise 0.16 (0.37)
Ural 1 = resident in Urals; 0 = otherwise 0.15 (0.35)
West 1 = resident in West Siberia; 0 = otherwise 0.08 (0.27)
East 1 = resident in East Siberia or Far East; 0 = otherwise 0.09 (0.29)
Capit* 1 = resident in Moscow or St. Petersburg; 0 = otherwise 0.09 (0.14)
Additional descriptive statistics for samples incorporating respondents with chronic NCDs

Heart 1 = heart disease; 0 = otherwise (N=25,283) 0.02 (0.14)
Joint 1 = joint disease; 0 = otherwise (N=25,561) 0.03 (0.17)
Hypertension 1 = hypertension; 0 = otherwise (N=26,446) 0.06 (0.24)
Gastrointestinal 1 = gastrointestinal disease; 0 = otherwise (N=26,548) 0.07 (0.25)
Spine 1 = spine problems; 0 = otherwise (N=25,932) 0.04 (0.21)
Liver 1 = liver disease; 0 = otherwis (N=25,170) 0.02(0.12)
Lung 1 = lung disease; 0 = otherwise (N=25,486) 0.03 (0.16)
Kidney 1 = kidney disease; 0 = otherwise (N=23,339) 0.02 (0.14)
Neurological 1 = neurological disease; 0 = otherwise (N=25,174) 0.02 (0.12)
Diabetes 1 = diabetes; 0 = otherwise (N=25,200) 0.02 (0.13)
Cancer 1 = cancer;0 = otherwise (N=24,889) 0.004 (0.06)
Eye 1 = eye disease; 0 = otherwise (N=25,822) 0.04 m (0.20)
Vein 1 = varicose veins; 0 = otherwise (N=25,178) 0.02 (0.12)

*Denotes reference category in the regression estimates
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