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Abstract 

Objectives: C-reactive protein is an important component of innate immune defenses, and high 

sensitivity CRP (CRP) has emerged as an important biomarker of chronic inflammation and 

cardiovascular disease risk.  Prior analyses of CRP variability have reported stable between-

individual differences in CRP over time, but a limitation of current knowledge is that it is based 

on research conducted in post-epidemiologic transition populations. 

Methods: This study evaluated CRP variability among adults in the southeastern region of the 

Ecuadorian Amazon where rates of infectious diseases remain high.  Blood samples were 

collected from 52 adults at four weekly sampling intervals, and quantified using a high 

sensitivity immunoassay.  

Results: Median CRP concentration was 0.52 mg/L.  34.6% of participants had CRP >3 mg/L at 

one time point, but no individuals had CRP >3 mg/L across two or more sampling intervals, and 

within-individual correlations revealed low levels of stable, between-individual differences in 

CRP.  The application of current guidelines for the assessment of chronic inflammation failed to 

detect a single case of “high risk” CRP.   

Conclusions: This study is the first to investigate CRP variability in a non-industrialized, high 

infectious disease environment.  It documents a pattern of variation over time that is distinct 

from prior research, with no evidence for chronic low-grade inflammation.  These results may 

have substantial implications for research on inflammation and diseases of aging globally, as 

well as for scientific understandings of the regulation of inflammation.   

 

Keywords:  inflammation, infectious disease, cardiovascular disease, developmental origins of 

adult disease, ecological immunology  
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Introduction 

 The recent application of highly sensitive laboratory assays for C-reactive protein (CRP) 

(Macy et al. 1997; Rifai et al. 1999; Roberts et al. 2000) has revealed that chronic, low-grade 

inflammation is an important predictor of incident cardiovascular disease (CVD) (Ridker 1998), 

type 2 diabetes (Pradhan et al. 2001), the metabolic syndrome (Ridker et al. 2003), late-life 

disability (Kuo et al. 2006) and mortality (Jenny et al. 2007).  Proponents of the chronic 

inflammation hypothesis argue that inflammatory processes contribute directly to the 

pathogenesis of atherosclerosis at multiple levels, while others suggest that inflammation 

biomarkers like CRP correlate with disease risk, but are not part of the causal pathway (Libby et 

al. 2002; Lloyd-Jones et al. 2006; Pearson et al. 2003; Tracy 1998).  

This line of research depends on a model of inflammation in which individuals reliably 

differ in their level of baseline inflammatory activity.  In other words, biomarkers of 

inflammation like CRP have to demonstrate a relatively high level of between-individual 

variation, and low level of within-individual variation across time, in order to serve as useful 

predictors of disease risk.  In practical terms, this situation would allow one to use a single CRP 

measurement to locate an individual with respect to his or her chronic burden of inflammatory 

activity. 

Prior research on the variability of CRP has validated this approach.  For example, in a 

widely cited analysis, Macy et al. (1997) report high levels of within-individual correlation in 

CRP concentrations over time.  The authors conclude:  “Concerning variability from an 

epidemiological standpoint, our data suggest that over a 6-month period CRP values appear 

relatively tightly regulated, with some individuals having consistently higher values than others” 

(p. 56).  Similarly, recent investigation of CRP variability in healthy adults over a one year 
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period demonstrated that the measurement stability of CRP was comparable to that of total 

cholesterol, a widely accepted indicator of CVD risk (Ockene et al. 2001).   

A limitation of current knowledge is that it is based primarily on research conducted in 

post-epidemiologic transition populations with low levels of exposure to infectious diseases.  

The variability of high sensitivity CRP in environments with higher levels of infectious 

exposures is not known.  There are at least three reasons why this is an important question.  First, 

populations in lower income nations are facing rapidly rising rates of obesity and associated 

chronic diseases that are supplementing—rather than supplanting—infectious diseases as 

contributors to morbidity and mortality (Barrett et al. 1998; Basnyat and Rajapaksa 2004; 

Boutayeb 2006).  Globally, three fourths of all deaths due to coronary heart disease occur in low- 

and middle-income countries (Gaziano et al. 2010).  To the extent that inflammation is involved 

in the pathophysiology of cardiovascular diseases, it is important to understand CRP variability 

in order to guide future research and prevention efforts around the world.   

Second, ecological settings characterized by higher levels of infectious disease pose 

challenges to the measurement of chronic inflammation.  CRP is an acute phase reactant, and 

concentrations increase rapidly following infection as part of a coordinated mobilization of non-

specific cellular and biochemical defenses that are critical for pathogen clearance and healing 

(Kumar et al. 2004).  Acute spikes in CRP production may therefore obscure detection of an 

underlying “signal” of chronic inflammation.  Since acute inflammatory processes are quickly 

down-regulated following resolution of infection, multiple measures across time are necessary to 

identify CRP observations that are not influenced by infection.  For example, a recent study 

reports that the prevalence of “high risk” CRP (>3 mg/L) is significantly lower in the U.S. than 

in a remote Amazonian population with high infectious disease mortality (Gurven et al. 2008).  
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But since the study was cross-sectional, the significance of elevated CRP is not clear, and may 

trace to acute infectious responses, chronic activation of inflammatory pathways, or both. An 

analysis of CRP variability in the context of endemic infectious diseases is necessary to 

determine the prevalence of chronic inflammation, and to evaluate whether a single CRP 

measure can reliably indicate chronic inflammation in these settings.  

Lastly, comparative research on CRP variability may yield insights into the dynamics of 

inflammation that are not evident in the hygienic, low infectious disease environments that are 

typical in the US.  Recent research in the Philippines, for example, has documented 

exceptionally low concentrations of CRP that trace back to higher levels of microbial exposure in 

infancy (McDade 2009; McDade et al. 2010).  The immune system is characterized by 

considerable developmental plasticity and ecological sensitivity (Blackwell et al. 2010; McDade 

2003; McDade 2005; Yazdanbakhsh et al. 2002), and one might therefore hypothesize different 

patterns of inflammatory activity in individuals who grow up in environments characterized by 

low versus high levels of infectious disease.  The documentation of such differences could have 

substantial implications for scientific understandings of the regulation of inflammation, and for 

future research on the associations among inflammation and diseases of aging.   

The objective of this paper is to evaluate the pattern of variability in CRP over time in a 

pre-epidemiological transition setting with a relatively high burden of infectious disease.  The 

study was conducted among the Shuar, a large indigenous population concentrated in the 

southeastern region of the Ecuadorian Amazon (Descola 1996).  The Shuar live in small villages 

with scattered clusters of households, their economy based on horticulture, hunting, and fishing.  

Despite accelerating economic and infrastructural development, Shuar continue to depend on 

subsistence horticulture for daily dietary needs, while also engaging in a mix of small scale agro-
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pastoralist production for market sale.  Regionally, infectious and parasitic diseases account for 

more than 15 percent of all deaths, compared to less than 3 percent in the US and Canada (WHO 

2011).  Mortality risk for children under 5 years is more than three times higher in Ecuador than 

in the US, with 1 in 4 child deaths attributable to infectious diarrhea (Kosek 2003; WHO 2005).  

Across all ages, acute respiratory infection, gastrointestinal illness, and vector-borne disease are 

the primary sources of morbidity in the Ecuadorian Amazon, with higher rates of infectious 

disease among indigenous groups compared to non-indigenous Ecuadorians (Kuang-Yao Pan 

2010).  Recent research among the Shuar indicates a high degree of growth stunting, likely due 

to synergistic influences of infectious disease and marginal nutrition (Blackwell et al. 2009). 

 

Materials and methods 

Participants and data collection 

 Participants were drawn from three Shuar communities located near the town of Sucua in 

the province of Morona-Santiago, Ecuador.  Blood samples and morbidity data were collected at 

four weekly sampling intervals from 52 adults between the ages of 18 and 49 years, excluding 

women who were pregnant.  This age range was selected in order to limit selection due to 

mortality.  Informed consent was obtained from all participants, and the study protocol was 

approved by the Northwestern University Institutional Review Board for research involving 

human subjects. 

Anthropometric and demographic data were collected at baseline.  Body weight, height, 

and waist circumference were measured using standard anthropometric techniques (Lohman et 

al. 1988).  The body mass index (BMI) was calculated as the ratio of weight (kg)/height (m2).  
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Information was also recorded on participant age and formal education, as well as household 

composition, structure, assets, and subsistence strategy.   

A morbidity questionnaire was administered at each weekly sampling interval to assess 

the presence of infectious symptoms (Filteau et al. 1995). Participants indicated whether they 

were currently sick or had been sick in the last week.  Participants were asked what symptoms 

they experienced, when the symptoms began, and whether they had spent any days in bed due to 

the illness.  Responses were used to define a dichotomous variable (0, 1) indicating the presence 

of infectious symptoms during the preceding week.  A value of 1 was assigned if the participant 

reported diarrhea, fever, urinary tract infection, or cold, and/or any two of the following:  cough, 

runny nose, sore throat, stomach ache, body ache, nausea.   

Finger stick capillary whole blood samples were collected on filter paper (dried blood 

spots, DBS) for the analysis of hsCRP.  Each participant’s finger was cleaned with alcohol, and a 

sterile, disposable microlancet was used to deliver a controlled, uniform puncture.  Whole blood 

was placed directly on standardized filter paper commonly used for neonatal screening 

(Whatman #903, GE Healthcare, Pascataway, NJ).  This relatively non-invasive blood collection 

protocol minimizes pain and inconvenience to the participants, and facilitates the collection of 

repeat blood samples despite the constraints of remote field conditions like rural Ecuador 

(McDade et al. 2007).  

After collection, DBS cards were allowed to dry at ambient temperatures for 

approximately four hours, protected by a small mesh cage.  After drying, samples were stored in 

gas impermeable bags with desiccant, in a portable freezer at -20˚C for the duration of field data 

collection.  Samples were exposed to ambient temperatures for less than 12 hours prior to 

freezing, well within the stability limits of CRP in DBS samples (McDade et al. 2004). Upon 
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completion of the field study, samples were express shipped to the U.S. where they were stored 

at -30˚C prior to analysis.   

CRP analysis 

 Samples were analyzed for CRP in the Laboratory for Human Biology Research at 

Northwestern University using a modified high sensitivity enzyme immunoassay protocol 

previously developed for use with DBS (McDade et al. 2004).  Prior validation of assay 

performance indicates that the DBS CRP method produces results that are comparable to gold 

standard serum-based clinical methods (McDade et al. 2004). To minimize between-assay 

variation, all samples were analyzed using a single lot of capture antibody, detection antibody, 

and calibration material.  In addition, all four samples in a series were included on the same 

assay plate in order to enhance within-individual comparisons.  All samples were run in 

duplicate, and the average within-assay coefficient of variation (CV; SD/mean) across all 

samples was 1.9%.  Between-assay CVs for low, mid, and high control samples included with all 

runs were 5.8%, 8.2%, and 6.9%, respectively.   

 Analysis of DBS samples provides concentrations of whole blood CRP, which will differ 

from serum CRP due to the presence of lysed erythrocytes and associated matrix effects.  

However, since DBS and serum results are so highly correlated a conversion formula can be 

applied to DBS CRP results to calculate serum equivalent values (McDade et al. 2004). We 

generated a study-specific conversion formula by analyzing n=51 matched DBS and serum 

samples, collected for a prior assay validation study.  DBS samples were analyzed using the 

same procedures, lot number of reagents, and technician as applied to the Shuar DBS samples.  

Serum samples were analyzed for high sensitivity CRP in a high throughput clinical laboratory, 

on the Beckman Coulter Synchron DXC platform.  The correlation between DBS and serum 
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values was high (Pearson R = 0.98) and the resulting Deming regression conversion formula was 

as follows:  serum (mg/L) = 1.84 x DBS (mg/L).  

 Statistical analysis 

 Statistical analyses were conducted with Stata for Windows, version 11.1 (StataCorp, 

College Station, TX).  All analyses used log transformed (base 10) serum-equivalent CRP 

concentrations unless noted otherwise.  Random effects analysis of variance (loneway procedure) 

was applied to estimate intra-class correlations and between- and within-individual variance 

components.     

 

Results 

 The average age of participants was 32.8 years, with 61.5 percent of the sample 

comprised of women (Table 1).  Median CRP concentration across all observations was 0.52 

mg/L, with comparable concentrations in females (0.55 mg/L) and males (0.48 mg/L).  Mean 

BMI in the sample was 25.8 kg/m2 (SD 2.7), and BMI was positively correlated with CRP at 

baseline (Pearson R=0.29, p<0.05).  Age was not significantly associated with CRP (R=0.03, 

P=0.85).  Reports of cigarette smoking and alcohol consumption were infrequent (4 or fewer 

participants at each interval), and were not associated with CRP. 

 Infectious symptoms were reported for 27.4% of the observations.  There were no 

significant differences in rates of reported symptoms across the four weekly intervals (Pearson 

χ
2=4.52, P=0.21).  Only 19 individuals (36.5%) reported no infectious symptoms during the 

course of the study, 18 reported one infectious episode (34.6%), and 15 individuals (28.9%) 

reported symptoms at two or more intervals (only one individual reported symptoms across all 
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four weeks).  There was a significant association between infectious symptoms and reports of 

staying in bed due to illness during the prior week (Pearson χ2=8.38, P=0.004).   

Concentrations of CRP were significantly associated with infectious symptoms:  median 

CRP was 0.39 mg/L for individuals reporting no infectious symptoms during the prior week, 

compared to 1.01 mg/L for observations with infectious symptoms (Wilcoxon rank sum z = -

3.22, P=0.001) (Figure 1).  

 We evaluated stability of CRP within individuals by correlating CRP values across each 

sampling interval (Table 2).  Correlations were generally strong and positive, with Pearson r 

values ranging from 0.451 to 0.767.  This analysis was repeated excluding CRP values 

associated with symptoms of infectious disease:  CRP values were set to missing for 

observations where a participant reported symptoms of infectious disease during the week 

preceding blood collection.  Correlations increased substantially, ranging from 0.712 to 0.862 

across the four time points.   

Multiple measures across time allow us to estimate the proportion of CRP variation that 

can be attributed to between-individual variance (σb
2) and within-individual variance (σw

2).  

Between-individual variance is the amount of variation in average response across individuals 

over the course of the study.  If total variation is represented by (σb
2 + σw

2), then the quantity 

(σb
2)/( σb

2 + σw
2) is the intraclass correlation coefficient (ICC), which estimates the proportion of 

variance attributable to between-individual factors.  If the ICC is high, then individual 

differences in average CRP would be interpreted as relatively stable over time.  For log-CRP 

values, ICC=0.634, indicating that 63.4% of total variance can be ascribed to between-individual 

factors (Table 3).  The ICC was substantially higher (0.721) when observations associated with 

reports of infectious symptoms were removed.       
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 Figure 2 presents the pattern of variability in CRP within and across individuals over the 

4 weekly sampling intervals.  Considerable variation is apparent, but the pattern is not consistent 

across the CRP distribution.  As the mean CRP concentration for each individual increases, 

within-individual variation also increases due to the fact that individuals who produced high 

CRP at one interval also produced low CRP at other intervals.  Of particular note is the complete 

absence of within-individual clusters of CRP observations >3 mg/L:  No participants had CRP 

>3 mg/L across two or more sampling intervals.   

 This pattern of variation suggests that the ICC may not provide an adequate 

representation of between- versus within-individual sources of variation across the full range of 

CRP values.  To evaluate this possibility, we divided the sample into two groups based on the 

distribution of CRP values, and calculated the ICC separately for each group, using log-CRP 

values.  For individuals with mean CRP ≤ 1 mg/L across all four sampling intervals (N=27), 

ICC=0.602.  For those with mean CRP > 1 mg/L (N=25) ICC=0.000, indicating no contribution 

of between-individual factors to explaining the variation in hsCRP concentration. 

The pattern of variation in Figure 2 also draws attention to low CRP—rather than high or 

average CRP—as a potential outcome of interest.  All individuals had at least one CRP value <3 

mg/L, and all but one individual had at least one CRP value <1.5 mg/L.  If we consider only the 

lowest CRP value produced by each individual, the median CRP concentration for the sample 

was 0.24 mg/L.   

For clinical and epidemiological purposes the following CRP cut-off values have been 

recommended to assess an individual’s relative risk of cardiovascular disease:  <1 mg/L (low), 

1.0 to 3.0 (average), >3.0 mg/L (high).  In the U.S., approximately 1/3 of adults fall into each of 

these categories (Pearson et al. 2003).  Current guidelines recommend that individuals be 
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sampled twice, preferably two weeks apart, and CRP results averaged.  Values >10 mg/L and 

results associated with symptoms of an acute infectious/inflammatory condition should not be 

used.  Applying these criteria to weeks 1 and 3 in our study, no individuals are in the “high risk” 

category, and only one individual approaches the 3 mg/L cut-off (mean CRP = 2.83 mg/L).  

More than two-thirds (70.4%) of the sample is classified “low risk.”   

Figure 3 presents the pattern of CRP variation within individuals across time, but only for 

the 18 individuals (34.6%) with at least one CRP result >3 mg/L.  A pattern of acute elevation in 

CRP is evident, followed by reduction in CRP well below 3 mg/L.  While several individuals 

have elevated “high risk” CRP at each time point, inspection of multiple measures over time 

reveals that different individuals are represented in this category at each sampling interval.     

 

Discussion 

 This study is the first to consider high sensitivity CRP variability in a non-industrialized, 

high infectious disease environment.  Our analysis demonstrates a pattern of variation over time 

that is distinct from prior studies in the US, and suggests that chronic low grade inflammation is 

not prevalent in this environment.  These results may have substantial implications for research 

on inflammation and diseases of aging globally, as well as for scientific understandings of the 

regulation of inflammation.   

 Three sets of findings converge on the conclusion that chronic inflammation is absent 

among the Shuar.  First, within-individual correlations in CRP concentrations are lower than 

previously reported in the US, as is the proportion of variance that can be attributed to between-

individual factors.  In prior studies of CRP variability, the average Pearson r between adjacent 

sampling intervals was 0.84 (Macy et al. 1997), and the ICC was estimated at 0.783 (Ockene et 
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al. 2001).  For the Shuar, correlations across sampling intervals and ICC values were 

substantially lower, even when observations associated with symptoms of infectious disease 

were removed from the analysis.  And given that we sampled every week, rather than every three 

weeks or three months as in prior research (Macy et al. 1997; Ockene et al. 2001) it is likely that 

correlations and ICC values would be even lower among the Shuar with a longer sampling 

interval.   

 Second, it is clear from figure 2 that there are no individuals with clusters of CRP values 

> 3 mg/L.  Rather, individuals with high CRP at one time point also produce low CRP at other 

time points.  This pattern contrasts with prior analyses in the US, where clusters of high CRP 

values are evident for a subset of individuals, and where these individuals do not produce CRP 

values <3 mg/L (Macy et al. 1997; Ockene et al. 2001; Pearson et al. 2003). Consistent with this 

distinct pattern of variation, the ICC approaches zero for Shuar individuals with mean CRP > 1 

mg/L, underscoring the absence of stable between-individual differences in chronic 

inflammation in the part of the CRP distribution where they should be most evident.   

 Third, the application of consensus guidelines for the measurement of chronic 

inflammation in clinical and public health practice (Pearson et al. 2003) failed to detect a single 

case of “high risk” CRP among the Shuar, and more than two-thirds of the sample was classified 

as “low risk.”  In contrast, only 1/3 of the US adult population is “low risk”, and approximately 

one-third of adults have “high risk” levels of CRP > 3 mg/L (Pearson et al. 2003; Woloshin and 

Schwartz 2005).  

 These findings underscore the critical importance of multiple CRP measures in 

determining the prevalence of chronic inflammation, and in testing the hypothesis that 

inflammation predicts CVD risk.  For example, at time point 2 (Figure 3), seven individuals had 
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CRP >3 mg/L.  A study using a single CRP measure would be justified in omitting four of these 

observations due to their association with reported symptoms of infectious disease, and assigning 

the remaining three individuals to the “high risk” category.  However, two weeks later, all three 

individuals had CRP <3 mg/L, indicating misclassification at the beginning of the study.  

Challenges in distinguishing acute from chronic activation of inflammatory pathways may 

explain why a recent study in rural lowland Bolivia failed to detect significant associations 

between a single CRP measurement and atherosclerosis despite high levels of inflammation 

(Gurven et al. 2009).   

 In the US, median CRP has been estimated at 1.6 and 2.2 mg/L for adult men and 

women, respectively (Ford et al. 2004; Ford et al. 2003). Median CRP is lower among the Shuar 

at 0.52 mg/L.  Similarly, we have reported previously that the median CRP for older women in 

the Philippines is 0.90 mg/L (McDade et al. 2008). Lower CRP despite higher levels of endemic 

infectious disease represents something of a paradox.  But in light of the distinct pattern of CRP 

variability reported here, we propose that our findings constitute tentative support for the 

hypothesis that the dynamics of inflammation may differ significantly across populations, and 

that these differences may trace back to ecological factors during critical stages of immune 

development.  

Infectious microbes have been part of the human ecology for millennia, and it is only 

recently that more hygienic environments in affluent industrialized settings have substantially 

reduced the level and diversity of exposure (Armelagos et al. 2005; Rook 2009).  Microbial 

exposures—particularly saprophytic mycobacteria, lactobacilli, and many helminthes common in 

rotting vegetable matter, soil, and untreated water—represent normative ecological inputs that 

guide the development of the immune system, and in the absence of such inputs, poorly 
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regulated or self-directed inflammatory activity may be more likely to emerge (McDade 2003; 

Yazdanbakhsh et al. 2002).  Prior research has shown that higher levels of microbial exposure in 

infancy predict lower levels of chronic inflammation in adulthood, as well as reduced risk for 

atopy, asthma, and autoimmunity—all conditions with an inflammatory component (McDade et 

al. 2010; Radon et al. 2004; Rook 2010; Rook and Stanford 1998; Yazdanbakhsh et al. 2002). 

These mechanisms may explain, in part, why the Shuar do not chronically produce CRP:  

Inflammatory mediators increase acutely in response to infection, but robust mechanisms are in 

place to effectively down-regulate inflammation to very low levels of activity.  Anti-

inflammatory cytokines like interleukin-10 may play important roles in this process, and we have 

recently reported high concentrations of IL-10 among young adults in the Philippines compared 

to the US (McDade et al. 2011).  From this perspective, the lowest CRP value an individual 

produces over time may be the best predictor of CVD risk:  The lowest value is least likely to 

reflect acute phase activity, and a lower level of basal CRP production may indicate enhanced 

ability to keep inflammation under control.   

The variability of CRP in high infectious disease environments complicates efforts to 

detect with certainty the “signal” of chronic inflammation despite the “noise” of acute phase 

activity.  Measurement of additional inflammatory mediators (e.g., IL-6, IL-10), and the 

implementation of more dynamic models of inflammation (e.g., response to vaccination), may 

provide important insights.  These types of measures, as well as studies of CRP variability in 

other populations, will be necessary to evaluate further the hypothesis that ecological factors 

during development are important determinants of the how inflammation is regulated in 

adulthood.  The implications for links between inflammation and CVD will also require further 

investigation.  The model proposed here suggests that inflammation will predict CVD only in 
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ecological settings where chronic inflammation is prevalent.  However, if lifetime exposure to 

inflammation increases disease risk, then it is possible that acute—but frequent—exposures to 

inflammation may contribute to CVD even in pre-epidemiologic transition settings like lowland 

Ecuador or Bolivia (Gurven et al. 2008).  

To the extent that the Shuar represent an infectious disease ecology that was more 

common in the past than today, the levels of chronic inflammation documented recently in post-

epidemiologic transition populations like the US are unusual by historical standards.  If the 

pattern of CRP variability reported here reflects the development of a distinct inflammatory 

phenotype in high infectious disease environments, it is reasonable to hypothesize that global 

trends toward increased overweight/obesity and reduced microbial exposure may both contribute 

to rising rates of CVD around the world.  These are important issues that we hope will be 

addressed by future research on the regulation of inflammation in diverse ecological settings. 
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Tables  

Table 1.  Sample descriptive statistics.  Mean (SD) values are presented for continuous variables; 

% values are presented for categorical variables. 

 

Age (yrs) 

 

32.8 (8.9) 

Formal education (yrs) 6.4 (3.1) 

Household size (persons) 6.9 (2.7) 

Household size (rooms) 2.6 (1.2) 

Electricity in the house 67.3% 

Refrigerator in the house 34.6% 

Water available in the house 23.1% 

Body mass index (kg/m2) 25.8 (2.7) 

Waist circumference (cm) 83.4 (7.7) 
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Table 2.  Pearson correlations in CRP concentrations across 4 weekly sampling intervals (N). 

 

 sample 1 sample 2 sample 3 

sample 2 0.732a* (52) 

0.765
b
* (34) 

  

sample 3 0.767* (52) 

0.862* (27) 

0.693* (52) 

0.712* (25) 

 

sample 4 0.679* (52) 

0.786* (33) 

0.593* (52) 

0.735* (29) 

0.451* (52) 

0.714* (27) 

    

(APearson correlations performed using log-transformed CRP values) 

(BPearson correlations performed using log-transformed CRP values, excluding observations 

associated with reports of infectious symptoms) 

*p<0.001 
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Table 3.  Variance components and intra-class correlation for CRP in lowland Ecuador and the 

United States.  Values from a prior study of CRP biovariability in the U.S. are included for 

comparison (Ockene et al. 2001). 

  

 Variance components Intra-class 

correlation  σb σw 

Ecuador    

CRP 0.426 1.941 0.046 

log-CRP 0.792 0.602 0.634 

log-CRP, no infectious 

symptoms 

0.858 0.534 0.721 

log-CRP, mean CRP ≤ 1 

mg/L 

0.821 0.668 0.602 

log-CRP, mean CRP > 1 

mg/L 

0.00 0.522 0.000 

United States    

CRP 1.66 1.19 0.658 

log-CRP 0.99 0.52 0.783 
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Figure legends 

 

Figure 1.  Median CRP concentrations in lowland Ecuador.  Values were calculated for all 

observations (n=208), for the subset of observations when symptoms of infectious disease were 

present (n=57) and absent (n=151), and using only the lowest CRP result obtained for each 

participant (n=52).  For purposes of comparison, median CRP values for US males and females 

are reported based on data from the National Health and Nutrition Examination Survey (Ford et 

al. 2003, 2004). 

 

Figure 2.  Variation in CRP concentration for each participant across 4 weekly sampling 

intervals.  Results are presented in rank order, based on the mean CRP concentration for each 

individual across all sampling intervals.   

 

Figure 3.  Variation in CRP across 4 weekly sampling intervals for individuals with CRP >3 

mg/L at one or more intervals (n=18).   
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