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Abstract
Individuals with multimorbidity may be at increased risk of hospitalization and death.
Comorbidity indexes do not capture severity of illness or healthcare utilization; however,
inflammation biomarkers that are not disease-specific may predict hospitalization and death in
older adults. We sought to predict hospitalization and mortality of older adults using inflammation
biomarkers. From a prospective, observational study, 370 community-dwelling adults 65 years or
older from central Alabama participated in an in-home assessment and provided fasting blood
samples for inflammation biomarker testing in 2004. We calculated an inflammation summary
score (range 0-4), one point each for low albumin, high C-reactive protein, low cholesterol, and
high interleukin-6. Utilizing Cox proportional hazards models, inflammation summary scores
were used to predicted time to hospitalization and death during a 4-year follow up period. The
mean age was 73.7 (+5.9 yrs), and 53 (14%) participants had summary scores of 3 or 4. The rates
of dying were significantly increased for participants with inflammation summary scores of 2, 3,
or 4 (hazard ratios (HR) 2.22, 2.78, and 7.55, respectively; p<0.05). An inflammation summary
score of 4 significantly predicted hospitalization (HR 5.92, p<0.05). Community-dwelling older
adults with biomarkers positive for inflammation had increased rates of being hospitalized or
dying during the follow up period. Assessment of the individual contribution of particular
inflammation biomarkers in the prediction of health outcomes in older populations and the
development of validated summary scores to predict morbidity and mortality are needed.
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1. INTRODUCTION
Individuals with multimorbidity, the presence of 2 or more chronic conditions, can have
increased illness burden and mortality. Summary scores such as the Charlson Comorbidity
Index (CCI) have been used to predict mortality based on a list of high-risk diagnoses
(Charlson et al., 1987b). Additionally, diagnoses that contribute to frailty or functional
decline frequently lead to increased hospital use (Mor et al., 1994). Utilizing comorbidity
and functional status data as well as demographic information, tools like the probability of
repeated admissions (PRA) predict the risk of hospitalization among older adults (Boult et
al., 1993; Boult et al., 1994). However, prediction tools generally lack measures of systemic
inflammation, which may offer important information on the illness burden and mortality
risk of older adult with multimorbidity.

Elevations in serum biomarkers, such as cytokines, interleukins, and acute phase reactants,
reflect the presence of systemic inflammation. Low-level, chronic systemic inflammation
has been observed during the aging process (Johnson, 2006; Krabbe et al., 2004; Vasto et
al., 2007). Numerous studies have demonstrated the relationship between select
inflammation biomarkers and age-related changes such as frailty, decreases in muscle
strength and mass, increases in adiposity, osteoporotic fractures, as well as total and cause-
specific mortality (Brinkley et al., 2009; Cartier et al., 2009; Cauley et al., 2007; Leng et al.,
2007; Newman et al., 2009; Reuben et al., 1999; Reuben et al., 2002b; Schaap et al., 2006;
Schalk et al., 2004; Schrager et al., 2007). Furthermore, albumin and cholesterol—both
acute phase reactants—are depressed in states of inflammation (Gabay and Kushner, 1999).
Low levels of albumin and cholesterols have been associated with increased mortality in
prior studies (Reuben et al., 2002a; Reuben et al., 1999; Sullivan, 1994). Therefore,
combinations of biomarkers reflect multiple, concurrent pathways of inflammation that may
be useful in predicting such outcomes as hospitalization and death.
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Of particular note, Reuben et al. assessed the prognostic ability of a summary score of
inflammation biomarkers to predict functional decline and death among healthy, high-
functioning older adults (Reuben et al., 2002a). Low albumin, high C-reactive protein
(CRP), low cholesterol, and high interleukin-6 (IL-6) were assigned one point each to create
a summary score for participants at baseline. The components of the summary score
predicted mortality better than did functional decline. In their cohort of 870 community-
dwelling older adults, participants who had higher summary scores were at increased risk of
death at both 3 and 7 year endpoints compared to those with lower scores (Reuben et al.,
2002a).

Our aim was to determine whether the inflammation summary score developed by Reuben et
al. (Reuben et al., 2002a) could predict hospitalization and mortality in a more diverse
population. We hypothesized that in our sample of community-dwelling older adults in
Alabama, which included participants with multiple chronic conditions and those with poor
functional status, participants with higher indicators of systemic inflammation would be
more likely to be hospitalized or die during the follow up period compared to participants
with lower scores.

2. MATERIALS AND METHODS
2.1 Study design and setting

This study utilized data available from participants in the University of Alabama at
Birmingham (UAB) Study of Aging who were eligible and willing to have an in-home
assessment and a blood draw 4 years after their initial enrollment in the study. The UAB
Study of Aging is a prospective, observational cohort study of a sample of 1000 community-
dwelling individuals recruited between 1999 and 2001. The methods utilized for the initial
recruitment have been described in detail elsewhere (Allman et al., 2006). In brief,
participants represented a random sample of Medicare beneficiaries age 65 years or older
when they were recruited from five counties in central Alabama. The recruitment was
stratified by gender, race, and urban/rural residence to assure balanced representation of
older African Americans, men, and those from rural communities. Persons were excluded if
they lived in a nursing home or were unable to schedule their own appointments.
Participants signed informed consents approved by the University of Alabama at
Birmingham Institutional Review Board.

During the baseline in-home assessment, demographic information on age, gender, race,
rural/urban residence, comorbidities, smoking status and body mass index (BMI) were
collected. Participants’ comorbidities were considered verified if participants reported using
a prescription medication for the disease, if the primary care physician reported the
condition on a standardized questionnaire used for the study, or if the diagnosis was
recorded on a discharge summary from a hospitalization within three years of the baseline
assessment. Based on the verified comorbidity data, we calculated an unweighted
comorbidity count for each participant, assigning one point for each diagnosis in the
Charlson Comorbidity Index. (Charlson et al., 1987a).

Four years after the baseline assessment (year 4), 624 participants remained eligible and
agreed to participate in a repeat in-home assessment. Following the repeat in-home
assessment, 370 (59.3%) of these 624 eligible participants agreed to a fasting blood draw
and had data available for all four inflammation biomarkers of interest. These participants
are the focus for this paper.

After the year 4 in-home assessment, we ascertained whether participants had been
hospitalized or died in telephone interviews that occurred every 6 months in the subsequent
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four years (years 4 to 8 of study). When hospitalizations or deaths were reported,
participants or their alternative contacts were asked the date of the hospital admission or
death. If the exact date was unknown by the respondent, the admission date or date of death
was defined as the midpoint for the period of time during which the respondent indicated
that the event had occurred. For example, if a respondent indicated that a hospital admission
occurred during a specific week or month of the previous six-month interval, but the
respondent did not recall the specific day, the admission date was defined as the midpoint of
the admission week or month, respectively. Mortality was confirmed by the Social Security
Death Index. This method permitted the definition of time to first reported hospitalization
and survival time.

2.2 Biomarker testing
Fasting blood samples were collected from participants by a home health nurse after the year
4 in-home assessment. These blood draws were scheduled to occur within one month of the
in-home assessment. To obtain sera for testing, blood samples were centrifuged at 3200 rpm
for 10 minutes at room temperature and frozen at −70°C. All samples were analyzed in
duplicate at the University of Alabama at Birmingham University Hospital and Department
of Nutrition Science labs. Creatinine was tested using the Beckman Synchron Lx, Jaffe rate
method. Normal creatinine was 0.4-1.2 mg/dL for females and 0.7-1.3 mg/dL for males.
Albumin was analyzed by Beckman Synchron Lx. CRP was assayed with DPC Immulite
2000, an immunometric assay. CRP concentrations >10 mg/L represent acute inflammation;
therefore, values of CRP >10 mg/L (n=2) were excluded from study analyses. Cholesterol
was analyzed by Ektachem DTII System. The IL-6 cytokine was assayed using Luminex
immunoassay with reagents and materials from Linxco Research.

2.3 Measures
We utilized four biomarkers to define a composite measure of inflammation among study
participants as described by Reuben et al: albumin, CRP, cholesterol, and IL-6. Thresholds
for each biomarker were set in a manner similar to prior studies (Harris et al., 1999; Reuben
et al., 2002a; Reuben et al., 2003; Yaffe et al., 2003). Hypoalbuminemia as a biomarker of
inflammation was defined by levels lower than 38 g/L. Based on the bottom decile of the
study population, hypocholesterolemia indicating inflammation was designated as less than
142 mg/dL. For CRP and IL-6, we defined inflammation as being in the top tertile levels of
IL-6 (>5.6 pg/mL) and CRP (>0.56 mg/L). For each biomarker beyond the inflammation
threshold, patients were assigned one point. Then we calculated an inflammation summary
score, ranging from 0 (no inflammation based on biomarkers) to 4 points (all biomarkers
indicating inflammation).

2.4 Statistical approach
The dependent variables of interest were time to first hospitalization and time to death. Time
to first hospitalization was determined as the difference in days between the time of the
blood draw for the biomarkers (the year 4 in-home assessment) and the first hospital
admission during the subsequent 4 years. For participants who were not hospitalized during
this time period, censoring occurred at the time of the last interview for the participant,
dropout, or participant death, whichever occurred first. For patients who died, time to death
was determined in days from the year 4 assessment to the date of death, and cases without
death were censored at the last date of participation in the study.

We performed survival analysis predicting time to first hospitalization and time to death
using a Cox proportional hazards model as conducted in SAS Proc PHREG. Covariates in
the regression model included age, race, gender, rural/urban residence, comorbidity score,
BMI category, and smoking status. Creatinine was also included as a covariate since CRP is
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elevated in patients with impaired kidney function. Hazard ratios (HR) and 95% confidence
intervals (CI) are reported and interpreted for variables in which the 95% CI does not
include 1.0. Direct adjusted survival curves for the inflammation summary scores were
constructed, based on the methods of Zhang and colleagues (Zhang et al., 2007). In
sensitivity analyses, we investigated the effect of excluding patients who had died in the
time to hospitalization models. Additionally, we explored the inclusion of comorbidity score
in both time to hospitalization and time to death models. All analyses were performed in
SAS version 9.2 (Cary, NC).

3. RESULTS
Descriptive statistics for the 370 participants are displayed in Table 1. At the year 4
assessment, the mean age of participants was 73.7 years old (standard deviation + 5.9 years).
The 370 participants included in this analysis differed from the 254 persons who did not
provide blood samples. Specifically, participants who agreed to provide blood samples were
less likely to be African American, female, and/or rural and more likely to have better
cognitive function, higher education, and greater income (Allman et al., 2011).

Overall, 132 (35.7%) participants were hospitalized and 71 (19.2%) died between the year 4
assessment and final endpoint of the study (total observation time=4 years). The median
follow up time was 3.7 years. 186 (50.3%) participants were male, 157 (42.4%) were
African American, and 159 (43.0%) lived in rural areas. Over half of the participants had
inflammation summary scores of 1 or 2, while only 9 (2.4%) participants had a summary
score of 4.

The survival analyses results are presented in Table 2. Participants with an inflammation
summary score of 4 had significantly higher rates of hospitalization compared to those with
a score of 0, the referent group (hazard ratio (HR) 5.92, p<0.01). Likewise, participants with
BMI 30-35 had higher rates of hospitalization (HR 1.77, p=0.02). In predicting death there
was a significant, gradual increase in rates of death as the inflammation summary score
increased. The HRs were 2.22 for score of 2 (p=0.02), 2.78 for score of 3 (p=0.01), and 7.55
for score of 4 (p<0.01).

The direct adjusted survival curves for time to hospitalization and death are depicted in
Figure 1, panels A and B, respectively. The curves illustrate a steeper decline in survival
over time to hospitalization and death for those participants with an inflammation summary
score of 4 compared to those with lower scores.

When we excluded participants who died in the sensitivity analyses, the results were similar
to the main analysis. The rates of hospitalization were significantly higher for participants
with an inflammation summary score of 4 compared to those with a score of 0 (data not
shown).

We also investigated the effect of multimorbidity (reflected in the comorbidity score) on the
relationship between inflammation summary score and time to hospitalization and death.
When we controlled for comorbidity score, an inflammation summary score of 4 remained a
significant predictor of hospitalization (HR 3.42, p=0.02). Additionally, inflammation
summary scores of 3 and 4 were significant predictors of death when we controlled for
comorbidity score (HR 2.49, p=0.02 and HR 4.69, p=0.01, respectively). Comorbidity score
itself was significantly associated with hospitalization (HR 1.27, p<0.01) and death (HR
1.23, p<0.01), although the magnitude of the association was less than the inflammation
summary score.
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4. DISCUSSION
In our observational study of community-dwelling older adults, an inflammation summary
score predicted hospitalization and death over the 4 year follow up period. Specifically, the
rate of death increased as inflammation increased, represented by a composite measure of
inflammation including high CRP and IL-6, and low albumin and cholesterol. An increased
rate of hospitalization was noted only for participants with a summary score of 4, those with
the most systemic inflammation. These results were independent of comorbidity scores.

A plausible explanation for our results is that by measuring inflammation we may be
detecting subclinical conditions—conditions not yet identified by patients or health care
providers. Subclinical infections such as those caused by Helicobacter pylori or periodontal
disease may also be accounting for a portion of inflammatory burden in our older adult
cohort. Therefore, using an inflammatory summary score to predict hospitalization and death
may indicate an overall inflammatory state not captured by counts of diagnoses.

Why were hospitalization rates significantly higher only for older adults with the highest
inflammation summary score (as opposed to mortality where inflammation summary score
was predictive in a dose response fashion)? Certainly inflammation may correlate with
illness severity, but hospitalization itself may be more of a social construct that is less
directly related to inflammation. For example, if symptoms are prominent or worsening,
older adults may seek care acutely and be hospitalized. The older adult’s choice to seek care
and the healthcare provider’s decision to hospitalize him/her represent a broad range of
behaviors. The hospitalization may be prophylactic on one extreme or be too late to rescue
the patient at the other extreme. Hence, there are limitations in the ability of physiologic
markers to predict hospitalization.

Our results add to the literature supporting the merits of utilizing inflammatory biomarkers
as predictors of morbidity and mortality in elderly (De Martinis et al., 2006). One similar
population in which inflammatory biomarkers have been linked to these outcomes is the
Health, Aging and Body Composition (ABC) study (Cauley et al., 2007). Nearly 3000 high-
functioning older adults age 70 to 79 were enrolled in the ABC study. In addition to IL-2
and TNF-α receptors, Cauley et al. found elevated IL-6, TNF-alpha, and CRP were
prognostic of osteoporotic fractures, and as the number of elevated biomarkers increased so
did the relative risk of fracture. From the same study, higher tertiles of CRP and IL-6 values
were associated with functional limitations in adjusted models (Figaro et al., 2006).
Additionally, as CRP and TNF-alpha increased in the Health ABC participants, the relative
risk of limitations in mobility also increased (Penninx et al., 2004). Similar to the Health
ABC study, our findings concur with the prognostic abilities of CRP and IL-6 in predicting
morbidity.

Our study augments the inflammation biomarker literature by providing a unique population
in which to observe the clinical importance of systemic inflammation over time. The UAB
Study of Aging is a balanced sample in terms of gender, race, and urban/rural residence,
with oversampling of African American and rural participants. Participants in this study are
aging in their communities within Alabama, a state known to have a higher burden of heart
disease, stroke, diabetes, and obesity compared to other areas in the U.S.(Center for Disease
Control and Prevention, 2008a, b; Roger et al., 2011). Because of the frequent co-occurrence
of these and other diseases, measures of cumulative inflammation are more useful clinically
than disease-specific ones. Our study did not test specifically test whether comorbidity
counts had better predictive value than inflammation biomarkers, nor did we compare
inflammation summary score to other predictive tools. Another distinction of our study is
that participants were not excluded based on functional status, as they were in the studies by
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Reuben et al. and Health ABC (Figaro et al., 2006; Reuben et al., 2002a). Therefore, we
believe our results are generalizable to community-dwelling older adults regardless of
functional status.

One caveat concerning our results must be addressed. Both age and visceral adiposity are
associated with increased inflammation. In a cohort of healthy men, the age-related changes
in CRP and IL-6 were explained by visceral adipose tissue (Cartier et al., 2009; Schrager et
al., 2007), which may explain our finding of increased BMI being linked to hospitalization.
BMI, however, is not a direct measure of visceral adiposity, a limitation of our study. Since
the average BMI for our study population was in the overweight range, we may be
observing the contribution of additional weight to increased inflammation, decreased muscle
strength, and resultant functional limitations.

We must consider the study’s limitations. First, the presence of inflammatory biomarkers is
an indirect way to measure disease burden, and the summary score may not capture the
impact of multimorbidity accurately. Additionally, we could not determine the time course
between the onset of increased inflammation and timing of hospitalization or occurrence of
death. Also we did not perform psychometric evaluation of the individual inflammation
summary score components; however, all four biomarkers used in our study do have
predictive value (Reuben et al., 2002a). Of note, we dichotomized the biomarkers based on
population-derived yet clinically meaningful thresholds, rather than analyzing the
biomarkers in a continuous fashion; therefore, the generalizability of the results may be
limited. In addition, the number of participants with summary score of 4 was small, and the
effects on our two outcomes of interest were driven primarily by this group. Finally, in this
analysis, we did not evaluate measures of social support or access to medical care, which
can influence whether elders seek medical care in a timely manner.

5. CONCLUSIONS
Our study demonstrates the prognostic ability of a composite measure of systemic
inflammation including four biomarkers in predicting hospitalization and death over the 4
year follow up period in a cohort of community-dwelling older adults. Further studies are
needed to determine the individual contribution of particular biomarkers in the prediction of
health outcomes in older populations and the development of validated summary scores to
predict morbidity and mortality.
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Figure 1.
Panel A. Adjusted time to hospitalization curves predicted by inflammation summary score
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Table 1

Descriptive statistics of the UAB Study of Aging participants, N = 370

Variable N (Percentage) or
Mean (SD)

Summary inflammation
score

0 118 (31.9)

1 122 (33.0)

2 77 (20.8)

3 44 (11.9)

4 9 (2.4)

Age, years 73.7 (5.9)

Male 186 (50.3)

African American 157 (42.4)

Rural residence 159 (43.0)

Body Mass Index (BMI),
kg/m2

 <18.5 9 (2.4)

18.5-25 123 (33.2)

25-30 124 (33.5)

30-35 70 (18.9)

35+ 44 (11.9)

Creatinine, mg/dL 1.2 (0.4)

Never smoker 186 (50.3)

Former smoker 159 (43.0)

Current smoker 25 (6.8)

Arch Gerontol Geriatr. Author manuscript; available in PMC 2013 May 01.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Salanitro et al. Page 12

Table 2

Survival analyses predicting time to first hospitalization and death

Time to 1st Hospitalization Time to Death

Variable
Hazard Ratio

(95% confidence
interval)a

p-value
Hazard Ratio

(95% confidence
interval)a

p-
value

Inflammation
summary score 0

REFERENT REFERENT

 1 0.90 (0.58-1.39) 0.62 0.86 (0.41-1.81) 0.69

 2 0.92 (0.55-1.52) 0.74 2.22 (1.11-4.44) 0.02

 3 0.80 (0.42-1.54) 0.51 2.78 (1.29-5.98) 0.01

 4 5.92 (2.21-15.89) <0.01 7.55 (2.42-23.59) <0.01

BMI <18.5b 0.94 (0.22-4.03) 0.94 0.84 (0.19-3.74) 0.81

 18.5-25 REFERENT REFERENT

 25-30 0.84 (0.53-1.34) 0.46 0.64 (0.35-1.18) 0.16

 30-35 1.77 (1.10-2.86) 0.02 0.72 (0.34-1.50) 0.38

 35+ 1.40 (0.76-2.58) 0.28 1.08 (0.50-2.32) 0.84

Never smoker REFERENT REFERENT

Quit smoking 1.14 (0.78-1.67) 0.51 1.30 (0.76-2.24) 0.34

Current smoker 1.15 (0.50-2.65) 0.74 2.19 (0.94-5.10) 0.07

a
Adjusted for age, gender, race, rurality, and creatinine.

b
Body mass index, kg/m2
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