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OBJECTIVES: To determine the association between mul-
tiple chronic conditions and risk of incident mild cognitive
impairment (MCI) and dementia.

DESIGN: Prospective cohort study.
SETTING: Olmsted County, Minnesota.

PARTICIPANTS: Cognitively normal individuals
(N = 2,176) enrolled in the Mayo Clinic Study of Aging
(MCSA).

MEASUREMENTS: Participants were randomly selected
from the community, evaluated by a physician, and under-
went neuropsychometric testing at baseline and at 15-
month intervals to assess diagnoses of MCI and dementia.
Information on International Classification of Diseases,
Ninth Revision codes for chronic conditions in the 5 years
before enrollment was electronically captured using the
Rochester Epidemiology Project medical records linkage
system. Multimorbidity was defined as having two or more
chronic conditions, and the association between multimor-
bidity and MCI and dementia was examined using Cox
proportional hazards models.

RESULTS: Of 2,176 cognitively normal participants
(mean age + standard deviation 78.5 4+ 5.2; 50.6% male),
1,884 (86.6%) had multimorbidity. The risk of MCI or
dementia was higher in persons with multimorbidity (haz-
ard ratio (HR)=1.38, 95% confidence interval
(CI) = 1.05-1.82) than in those with one or no chronic
condition. The HR was of greater magnitude in persons
with four or more conditions (HR =1.61, 95%
CI = 1.21-2.13) than in those with two or three condi-
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tions (HR = 1.03, 95% CI = 0.76-1.39) and for men with
multimorbidity(HR = 1.53, 95% CI = 1.01-2.31) than for
women with  multimorbidity (HR = 1.20, 95%
CI = 0.83-1.74), compared to those with one or no
chronic condition.

CONCLUSION: In older adults, having multiple chronic
conditions is associated with greater risk of MCI and
dementia. This is consistent with the hypothesis that multi-
ple etiologies may contribute to MCI and late-life demen-
tia. Preventing chronic diseases may be beneficial in
delaying or preventing MCI and dementia. ] Am Geriatr
Soc 63:1783-1790, 2015.
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ultimorbidity, defined as the coexistence of two or
more chronic conditions in an individual,' is highly
prevalent in older adults.” Estimates of prevalence increase
with age and range from 55% to 98% in populations aged
60 and older." Advances in the management of chronic
conditions have resulted in slower disease progression and
delayed mortality, resulting in an increase in the preva-
lence of multimorbidity.®> The risk of disability, functional
decline, premature death, poor quality of life, polypharma-
cy, more medical consultations, more hospitalizations,
longer hospital stays, greater use of emergency care, and
higher healthcare costs are all greater in individuals with
multimorbidity.™* Certain chronic conditions may also
enhance the development of additional chronic condi-
tions.>
With the growing number of individuals aged 65 and
older in the United States and worldwide, the implications
of the effect of multimorbidity on risk of age-related con-
ditions such as mild cognitive impairment (MCI) and
dementia are highly relevant for public health planning,
allocation of resources, and development of strategies to
reduce risk of these conditions. In particular, multimorbid-
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ity may contribute to greater risk of MCI, an important
precursor to Alzheimer’s disease and other dementias,®®
but the association has not been comprehensively investi-
gated in a population-based setting. The primary objective
of this study was to determine the association between
multimorbidity and incident MCI and dementia in a
cohort of cognitively normal individuals enrolled in the
prospective population-based Mayo Clinic Study of Aging
(MCSA).

METHODS

Study Cohort at Baseline

Details of the study design and methodology of the MCSA
have previously been published.”!? Briefly, residents of
Olmsted County, Minnesota, aged 70 to 89 on the preva-
lence (index) date (October 1, 2004) were identified using
the medical records linkage system of the Rochester Epide-
miology Project (REP).!! An age- and sex-stratified random
sample of eligible subjects (without dementia, not termi-
nally ill or in hospice) was invited to participate in person
or over the telephone. To maintain the study sample size,
recruitment is ongoing. This study includes additional par-
ticipants recruited from an enumeration of the county pop-
ulation on March 1, 2008, and on November 1, 2009,
2010, and 2011 using the same protocols as in 2004. The
current study was restricted to participants who were evalu-
ated in person (between 2004 and 2011), were cognitively
normal at the baseline evaluation, and had at least one fol-
low-up evaluation (N = 2,176).

Identification of MCI and Dementia

A nurse or study coordinator and a physician evaluated
participants, and they also underwent neuropsychometric
testing administered by a trained psychometrist. The inter-
view by the coordinator included ascertainment of demo-
graphic information, questions about memory were
administered to the participant, and the Clinical Dementia
Rating scale’® and the Functional Activities Questionnaire
were administered to an informant.'®> Demographic infor-
mation was also ascertained in the interview. The physician
evaluation included administration of the Short Test of
Mental Status,'* a medical history review, and a complete
neurological examination. Neuropsychological testing was
performed using nine tests to assess performance in four
cognitive domains: memory, executive function, language,
and visuospatial skills.”'*'>  Apolipoprotein E (APOE)
genotype was assessed from blood drawn at baseline.

The study coordinator and physician who saw the
participant and a neuropsychologist who reviewed the
psychometric testing data reviewed all information col-
lected for each participant, and a diagnosis of MCI,
dementia, or normal cognition was made by consensus.
Diagnoses of MCI were based on previously published
criteria,”!®!® and diagnoses of dementia were based on
Diagnostic and Statistical Manual of Mental Disorders,
Fourth Edition, criteria.'” Participants were classified as
cognitively normal if they performed in the normative
range and did not meet criteria for MCI or demen-

tia.9’10’16

Longitudinal Follow-Up

Follow-up was performed at 15-month intervals using the
same clinical protocol for evaluation and diagnosis as at
baseline. To avoid potential bias, clinical and cognitive
findings from previous evaluations were not considered in
making a diagnosis. Subjects who participated at baseline
but declined an in-person evaluation at follow-up were
invited to participate in a telephone interview that
included the Telephone Interview of Cognitive Status-mod-
ified (TICS-m),'® the Clinical Dementia Rating Scale,'
and the Neuropsychiatric Inventory Questionnaire.'?

Identification of Chronic Conditions

For each MCSA participant, the diagnostic indices of the
REP were searched electronically to identify the Interna-
tional Classification of Diseases, Ninth Revision (ICD-9)
codes associated with any healthcare visit within 5 years
before enrollment (5-year capture frame). The REP cap-
tures all persons who have resided in Olmsted County,
Minnesota, at any time from 1966 to the present; only
2% of residents refuse to participate at all healthcare
providers. Approximately 90% of residents aged 70 and
older return for a follow-up visit within 1 year after their
baseline visit, ensuring excellent ascertainment of diag-
nosed medical conditions over the years.”® Specific ICD-9
codes for the 19 chronic conditions (excluding dementia)
that the U.S. Department of Health and Human Services
proposed in 2010 for studying multimorbidity were iden-
tified for each individual.>! A person was considered to
have a specific chronic condition if they had been
assigned two ICD-9 codes for the given condition sepa-
rated by more than 30 days within the 5-year capture
frame.?” There were no cases of autism spectrum disorder
or human immunodeficiency virus, resulting in a possible
maximum of 17 chronic conditions (hyperlipidemia,
hypertension, depression, diabetes mellitus, arthritis, can-
cer, cardiac arrhythmias, asthma, coronary artery disease,
substance abuse disorders (drugs and alcohol), chronic
obstructive pulmonary disease, osteoporosis, chronic kid-
ney disease, stroke, congestive heart failure, schizophre-
nia, hepatitis).

Standard Protocol Approvals, Registrations, and
Participant Consent

The institutional review boards of the Mayo Clinic and
Olmsted Medical Center approved the study. Written
informed consent was obtained from participants before
participation in the study.

Statistical Analysis

Multimorbidity was defined as the presence of two or
more of the 17 conditions in the 5-year capture frame.
Mutually exclusive categories of comorbidity were created
of participants who had no, one, two, three, or four or
more of the 17 chronic conditions within the 5-year
capture frame. Categories of no and one chronic condition
were combined as the reference group because of the small
number of subjects with no comorbidities (n = 89).
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The onset of incident MCI was assigned at the mid-
point between the last assessment of cognitively normal
and the first-ever assessment of MCI or dementia. Subjects
who progressed to dementia without an MCI diagnosis
(N =27) at an MCSA evaluation were presumed to have
passed through an undetected MCI phase and included as
incident cases. Subjects who refused participation, could
not be contacted, or died during follow-up were censored
at their last evaluation. Duration of follow-up was com-
puted from the diagnosis of cognitively normal to first
onset of MCI or dementia, censoring, or date of last fol-
low-up.

Associations between multimorbidity and first occur-
rence of incident MCI or dementia were examined using
Cox proportional hazards models with age as the time
scale and adjustment for sex and education. Potential con-
founding by the APOE ¢4 allele was examined, and sub-
group analyses were performed according to sex. To assess
interaction between age and multimorbidity, a separate
Cox proportional hazards model was built with follow-up
time as the time scale. Although risk of MCI or dementia
was modeled, for simplicity, this outcome will be referred
to as risk of MCI, hereafter. Persons with two or three
chronic conditions were grouped together because risk esti-
mates did not differ from those of persons with no or one
condition. To account for incident conditions during fol-
low-up, participants were also categorized as having multi-
morbidity taking into consideration incident comorbid
conditions during follow-up. Finally, in persons with mul-
timorbidity, the five most common dyads were identified
(any combinations of two of the 17 chronic conditions).
All analyses were considered significant at P < .05 and
were performed using the SAS version 9.3 (SAS Institute,
Inc., Cary, NC).

RESULTS

Of 2,176 cognitively normal participants (mean age 78.5;
50.6% male), 1,884 (86.6%) had multimorbidity (>2
chronic conditions; Table 1). There were no differences in
frequency of multimorbidity, severe multimorbidity (>4

conditions), APOE g4 allele, or duration of follow-up
according to sex. Table 2 lists the baseline characteristics
of participants according to number of chronic conditions.
Mean age, frequency of obesity, and former smoking were
greater with greater comorbidity. APOE &4 genotype was
not related to number of chronic conditions.

Over a median follow-up of 4 (interquartile range
2.4-6.6) years, 583 participants developed incident MCI
or dementia. Multimorbidity was associated with greater
risk of MCI (hazard ratio (HR) = 1.38, 95% confidence
interval (CI) = 1.05-1.82) in men and women combined
after adjusting for sex and education (Table 3). The HR
was greater than 1.0 in men (HR = 1.53, 95% CI = 1.01-
2.31) and women (HR = 1.20, 95% CI = 0.83-1.74) but
was statistically significant in men only. Whether more
chronic conditions increased the risk of MCI was next
examined, and it was found that having four or more
chronic conditions significantly increased MCI risk in both
sexes combined and in men but not in women (Figure 1).
APOE &4 genotype was not a confounder of the associa-
tions.

A significant effect of the interaction between multi-
morbidity and sex on risk of MCI was not found in any of
the analyses, although the higher estimates of risk in men
than in women suggests potential effect modification
according to sex. There was no statistically significant
interaction between age and multimorbidity, although the
risk of MCI was greater with older age or multimorbidity
and of greatest magnitude in participants with the joint
effect of older age and multimorbidity. Specifically, the
risk of MCI was greater in participants aged 70 to 79 with
multimorbidity (HR = 1.38, 95% CI = 0.94-2.02), aged
80 and older without multimorbidity (HR = 2.67, 95%
CI = 1.58-4.49), and aged 80 and older with multimorbid-
ity (HR = 3.35, 95% CI = 2.31-4.88) than in those aged
70 to 79 without multimorbidity.

In secondary analyses, multimorbidity was defined as
a time dependent variable, taking into consideration
chronic conditions that developed during follow-up, and
the association between multimorbidity and incident MCI
or dementia was explored. The risk of MCI remained high

Table 1. Characteristics of Participants at Baseline

Characteristic All, N = 2,176 Men, n = 1,101 Women, n = 1,075

Age, mean + SD 78.5 + 5.2 782 + 4.9 789 + 54
Education, years, mean & SD 141 +£ 2.9 144 + 3.2 13.7 £ 24
Duration of follow-up, mean £ SD 43 +24 42 +24 44 +24
Married, n (%) 1,431 (65.8) 936 (85.0) 495 (46.0)
Apolipoprotein E £24/e34/e44, n (%)? 557 (25.7) 283 (25.8) 274 (25.7)
Smoking status, n (%)

Never 1,115 (51.2) 429 (39.0) 686 (63.8)

Former 979 (45.0) 633 (57.5) 346 (32.2)

Current 82 (3.8) 39 (3.5) 43 (4.0)
Number of chronic conditions, n (%)

0-1 292 (13.4) 147 (13.4) 145 (13.5)

2-3 700 (32.2) 348 (31.6) 352 (32.7)

>4 1,184 (54.4) 606 (55.0) 578 (53.8)
>2 conditions (multimorbidity), n (%) 1,884 (86.6) 954 (86.6) 930 (86.5)

*Information was missing for 11 participants (4 men, 7 women).
SD = standard deviation.
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Table 2. Characteristics of Participants at Baseline According to Number of Chronic Conditions
Number of Chronic Conditions

Characteristic 0-1, n = 292 2, n = 306 3,n=39% >4, n=1,184 Total, N = 2,176 P-Value
Age, mean + SD 773 £ 4.9 774 £ 438 78.0 £ 5.0 793 £5.2 785 + 52 <.001
Male, n (%) 147 (50.3) 154 (50.3) 194 (49.2) 606 (51.2) 1,101 (50.6) 93
Education, years, 141 £ 3.0 145 + 2.9 141 £ 29 139 £ 29 141 £ 2.9 .01
mean + SD
Smoking status, n (%)

Never 164 (56.2) 170 (55.6) 208 (52.8) 573 (48.4) 1,115 (51.2) .006

Former 110 (37.7) 130 (42.5) 171 (43.4) 568 (48.0) 979 (45.0)

Current 18 (6.2) 6 (2.0) 15 (3.8) 43 (3.6) 82 (3.8)
Body mass index 43 (14.9) 74 (24.2) 95 (24.5) 396 (34.1) 608 (28.4) <.001
>30.0 kg/m? (obese),
n (%)?
Apolipoprotein 69 (23.7) 69 (22.7) 107 (27.3) 312 (26.5) 557 (25.7) 40

E £24/£34/44,
n (%)°

*Missing information: n = 3 for 0-1 conditions, n = 7 for 3 conditions, n = 23 for >4 conditions.

"Missing information: n = 1 for 0-1 conditions, n = 2 for 2 conditions, n = 2 for 3 conditions, n = 6 for >4 conditions.

SD = standard deviation.

but was lower than in the primary analyses and had a
wider confidence interval (HR = 1.21, 95% CI = 0.85-
1.73). This may have occurred because of loss of power,
because 63.4% of subjects in the reference group devel-
oped multimorbidity during follow-up.

Last, the most frequent co-occurring chronic condition
pairs (dyads) in individuals with multimorbidity were iden-
tified. Overall, there were 131 dyads. The five most-com-
mon dyads were hypertension and hyperlipidemia
(n = 1,096, 50.4%), hypertension and arthritis (n = 717,
32.9%), hyperlipidemia and arthritis (n = 667, 30.7%),
coronary artery disease (CAD) and hyperlipidemia
(n =599, 27.5%), and hypertension and CAD (n = 555,
25.5%). In both sexes combined, the risk of MCI was sig-
nificantly greater with the presence of each of the most
common dyads regardless of other chronic conditions pres-
ent (Table 4). In men, risk estimates for the dyads were
highest for CAD and hyperlipidemia (HR = 1.75, P = .01)
and lowest for hypertension and cancer (HR = 1.47,
P =.09). Risk estimates for women ranged between 1.26
and 1.37, but none were statistically significant.

DISCUSSION

In this population-based prospective cohort of cognitively
normal elderly persons, there was a high frequency of mul-
timorbidity in elderly persons and a significant association
between multimorbidity and risk of MCI or dementia. The
risk was higher for persons with four or more chronic con-
ditions. The risk estimates were higher in men and women,
but of greater magnitude in men and statistically signifi-
cant only in men. These findings emphasize the importance
of preventing and effectively managing chronic diseases,
provide added insights into contributors of risk for MCI
and dementia, are consistent with the hypothesis that mul-
tiple etiologies may contribute to MCI and late-life demen-
tia, and have important implications for healthcare
planning and developing strategies to reduce the burden of
MCI and dementia.

The majority of participants had multimorbidity
(86.6%), which is in accordance with other studies*? and
in Olmsted County, Minnesota, in particular.”? The initial
objective was to assess multimorbidity at baseline as a pre-
dictor of MCIL. The hypothesis was that long-standing
chronic conditions could have subclinical and detrimental
effects on brain pathology before diagnosis of MCI,
although subsequent comorbidity during follow-up could
affect MCI risk. The secondary analyses, taking incident
multimorbidity into account, also resulted in a greater risk
estimate, although the CI included 1, probably because of
low power because of the smaller size of the reference
group and shorter duration of follow-up after incident
multimorbidity in that group. Regardless, the findings sug-
gest that multimorbidity at older ages increases risk of
cognitive decline but that longer duration of chronic dis-
ease may have a stronger effect on this decline.

The mechanisms of action were not specifically investi-
gated, but there are several potential etiologic mechanisms
that may explain the association between multimorbidity
and cognitive impairment. An important potential mecha-
nism is through cardiovascular diseases: hypertension,
hyperlipidemia, and cardiac diseases, specifically CAD. A
second potential mechanism is aging, an important risk
factor for many chronic diseases. The HR was 3.35 in per-
sons aged 80 and older with multimorbidity, but only 1.38
in those aged 70 to 79 with multimorbidity. Aging and
age-related conditions may also co-occur with true etiolog-
ical risk factors to enhance the adverse effects of those risk
factors. Consistent with this, hypertension co-occurred
with arthritis as one of the most-frequent dyads. The
development of arthritis with aging may impair mobility
in elderly persons, reducing the frequency of exercise
and physical activity and possibly increasing obesity, and
thereby increase the risk of cardiovascular disease and
MCI'23726

A third potential mechanism is the presence of two or
more chronic conditions that independently or combined
could synergistically promote or accelerate cognitive
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Table 4. Association Between Chronic Disease Dyads and Incident Mild Cognitive Impairment or Dementia, Over-

all and According to Sex

At Risk Events
Hazard Ratio (95%
Dyads® n Confidence Interval)® P-Value
Total sample
Hypertension and hyperlipidemia 1,388 385 1.50 (1.13-1.99) .005
Hypertension and arthritis 1,009 284 1.54 (1.15-1.07) .004
Hyperlipidemia and arthritis 959 261 1.58 (1.18-2.13) .002
CAD and hyperlipidemia 891 246 1.56 (1.15-2.10) .004
Hypertension and CAD 847 229 1.51 (1.11-2.05) .009
Men
Hypertension and hyperlipidemia 714 184 1.60 (1.04-2.44) .03
Hypertension and cancer 468 111 1.47 (0.94-2.31) .09
Hyperlipidemia and cancer 465 113 1.61 (1.20-2.23) .04
CAD and hyperlipidemia 541 151 1.75 (1.13-2.70) .01
Hypertension and CAD 506 137 1.67 (1.70-2.59) .02
Women
Hypertension and hyperlipidemia 674 201 1.37 (0.93-2.01) 1
Hypertension and arthritis 563 162 1.28 (0.86-1.91) 22
Hyperlipidemia and arthritis 511 141 1.33 (0.89-2.01) A7
Hypertension and osteoporosis 408 122 1.28 (0.84-1.95) .26
Hypertension and diabetes mellitus 401 107 1.26 (0.83-1.92) .28

“Most-common pairs of chronic conditions simultaneously present for persons with two or more chronic conditions.
PFrom Cox proportional hazards models adjusted for sex (where applicable) and years of education, using age as the time scale. Reference group was peo-

ple who had 0 or 1 chronic condition.
CAD = coronary artery disease.

that several conditions that are not known risk factors for
MCI or dementia contributed to a high frailty index,
which in turn was associated with greater risk of demen-
tia.’’ This suggests that a high burden of illness may
increase the risk of cognitive impairment and that improv-
ing overall health might have a beneficial effect on the bur-
den of late-life cognitive impairment or dementia.'

Finally, use of multiple prescription medications in
persons with multimorbidity may contribute to risk of
MCI and dementia. Clinical guidelines typically focus on a
single disease, and adherence to these guidelines could
result in adverse interactions between drugs and diseases.*”
Failure to manage specific chronic conditions optimally
(e.g., cardiovascular disease or diabetes mellitus) or to take
into account the different medications used in treatment of
these conditions in an individual could contribute to risk
of cognitive impairment.*>-**

The current findings are consistent with studies show-
ing associations between several chronic diseases and cog-
nitive decline and impairment. Specifically, previous
research in the MCSA shows that chronic diseases such as
cardiac disease,®” type 2 diabetes mellitus,*® cerebrovascu-
lar disease,®” depression,®® and chronic obstructive pulmo-
nary disease® are risk factors for MCI. Several of these
chronic conditions are established risk factors for dementia
(e.g., hypertension, cerebrovascular disease, dyslipidemia,
type 2 diabetes mellitus)*®*!' and for MCI** and were
included in multimorbidity in the present study.

Other studies have reported similar associations
between chronic conditions and cognitive impairment or
dementia. Comorbidity was associated with faster cogni-
tive decline in individuals with Alzheimer’s disease** and
was cross-sectionally associated with greater Alzheimer’s
disease severity.** Persons with cognitive impairment, no

dementia or with dementia were reported to have more-
serious comorbidities than cognitively normal individuals,
and the severity of comorbidity was associated with worse
daily functioning and cognition.** In another study, multi-
morbidity was significantly associated with faster decline
in daily functioning in individuals with dementia than in
those without.*® Effects of multimorbidity on functioning
in individuals with dementia could result in greater disabil-
ity than expected, possibly due to disturbances in normal
compensatory physiological mechanisms.*”

The sex difference indicating a stronger association of
multimorbidity with incident MCI and dementia in men
may be due to effect modification because the frequency of
multimorbidity was similar in men and women. Men may
have had more-severe comorbidity at enrollment or longer
duration of comorbidity, or the effects of comorbidity on
brain pathology leading to MCI risk may differ in men
and women. Some studies suggest that there are sex differ-
ences in risk factors and health outcomes such as cardio-
vascular disease,*®*’ with men being younger at the time
of myocardial infarction or stroke than women.

The study has certain potential limitations. One limi-
tation is the potential misclassification due to use of ICD-
9 codes to define chronic conditions. To obviate this, two
ICD-9 codes were required for a given condition sepa-
rated by more than 30 days within the 5-year capture
frame. There was limited power for subgroup analyses
according to sex, but longer follow-up and more MCI
and dementia events should increase the power and preci-
sion of the estimates. Finally, study participants were pri-
marily Caucasian, so caution should be used in
generalizing findings to ethnicities not represented,
although the findings suggest a hypothesis for investiga-
tion in other ethnicities.
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The current study has several strengths. The MCSA is a
large, prospective, population-based study. Participants
undergo a comprehensive evaluation by three independent
evaluators to assess MCI or dementia by a consensus deci-
sion. The evaluators at follow-up are blinded to previous
clinical findings, which reduces misclassification and diag-
nostic bias and enhances the internal validity of the study
findings. The ability of the REP to capture medical informa-
tion for all Olmsted County residents who receive care in
the county, with more than 90% of persons aged 70 and
older returning in a 3-year period, is an important strength
that results in excellent ascertainment of multimorbidity
over time.”° The use of the REP medical records linkage
system to identify relevant ICD-9 codes of all chronic con-
ditions within 5 years of enrollment reduced the temporal
ambiguity in diagnoses and allowed the association between
multimorbidity and MCI and dementia to be examined pro-
spectively. In addition, data on chronic conditions were
prospectively identified from ongoing medical care and
therefore could have eliminated recall bias.
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