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Background: A single self-rated health (SRH) assessment 
is associated with clinical outcome and mortality, but the 
biological process linking SRH with immune status remains 
incompletely understood.
objectives: To examine the association between SRH and 
inflammation in apparently healthy individuals.
methods: Our analysis included 13,773 apparently healthy 
individuals attending the Tel Aviv Sourasky Medical Center for 
periodic health examinations. Estimated marginal means of 
the inflammation-sensitive biomarkers [i.e., highly sensitive 
C-reactive protein (hs-CRP) and fibrinogen] for the different 
SRH groups were calculated and adjusted for multiple po- 
tential confounders including risk factors, health behavior, 
socioeconomic status, and coexistent depression. 
results: The group with the lowest SRH had a significantly 
higher atherothrombotic profile and significantly higher con- 
centrations of all inflammation-sensitive biomarkers in both 
genders. Hs-CRP was found to differ significantly between SRH 
groups in both genders even after gradual adjustments for all 
potential confounders. Fibrinogen differs significantly according 
to SRH in males only, with low absolute value differences. 
conclusions: A valid association exists for apparently healthy 
individuals of both genders between inflammation-sensitive 
biomarker levels and SRH categories, especially when 
comparing levels of hs-CRP. Our findings underscore the 
importance of assessing SRH and treating it like other markers 
of poor health.
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i t has been found that subjective health perceived by an indi-
vidual at a certain time point is associated with various mea-

sures of physical, functional and mental health [1] and includes 

important information not usually obtained in daily clinical 
practice [2]. All this information can be summarized by a 
single self-rated health (SRH) item, which typically involves 
rating one’s global health on a scale of five, from poor to excel-
lent. SRH has been found to be an independent predictor of 
clinical outcome and mortality [3,4], even after adjusting for 
a variety of health-related measures. Its predictive validity has 
been reported in a large number of community-based studies 
[5] in many different countries as well as in studies of patient 
populations. For example, poor SRH has been associated with 
increased morbidity and mortality and with adverse outcomes 
in myocardial infarction [6] and dialysis [7] patients.

The psychobiological mechanisms leading a person to 
perceive his or her health as poor and the reasons for its inde-
pendent association with future health and clinical prognosis 
are not fully understood. One explanation suggests that SRH is 
more inclusive than the covariates typically used by research-
ers and clinicians and reflects, among other aspects of health, 
symptoms of existing diseases as well as those in preclinical 
stages [6,8]. This explanation is in line with past studies impli-
cating [9,10] the role of the immune system in predicting 
changes in individuals’ health perceptions. Changes in health 
perception may be reflective of inflammation, characterized by 
acute-phase reactants and circulating pro-inflammatory cyto-
kines that are interpreted by the brain as a sign of sickness [11], 
leading to changes in behavior, physical sensations, cognition, 
and emotions. 

Cytokine-induced sickness behavior may be salient to the 
person and consequently is reflected in his/her SRH [12]. 
The association between SRH and inflammatory markers has 
been tested in previous studies, which were mostly based on 
relatively small samples (< 300 participants) [9,10,13], focused 
only on older adults [14] or on chronically ill patients [9], and/
or did not adjust for both existing diseases and risk factors 
[15]. The current study examines the association between SRH 
and inflammation-sensitive biomarker levels in a large sample 
of apparently healthy women and men in midlife attending a 
periodic health examination, including adjustments for major 
diseases and risk factors. 
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suBJects and metHods

We analyzed data collected through the Tel Aviv Sourasky 
Medical Center Inflammation Survey, a registered databank 
of the Israel Ministry of Justice [16,17]. This relatively large 
survey comprises apparently healthy individuals attending 
this center for periodic health examinations sponsored by 
their employer as a fringe benefit. 

All those who attended the routine health examinations 
at the Tel Aviv Sourasky Medical Center between September 
2002 and September 2010 were invited to participate in the 
survey. Individuals were recruited while awaiting their turn 
for medical examination and gave their written consent in 
accordance with the guidelines of the Institutional Ethics 
Committee. A total of 17,393 subjects gave their informed 
consent (10,975 males, 6418 females). 

We initially excluded 3030 subjects because of their medical 
findings, including malignant conditions, immunosuppressive 
therapy, known inflammatory disease (arthritis, inflammatory 
bowel disease, psoriasis, etc.), pregnancy, steroidal or non-steroi-
dal treatment (except for aspirin at a dose of ≤ 325 mg/day), and 
acute infection or invasive procedures (surgery, catheterization, 
etc.) during the previous 6 months. Additional exclusion criteria 
included missing data on one of the inflammatory biomarkers 
(n=166) or regarding self-reported health (n=346). Finally, due 
to the very small number of individuals who reported poor or 
very poor health, and in order to eliminate their bias, we further 
excluded those 78 individuals. Following these exclusions the 
final sample comprised 13,773 individuals (8851 males and 4922 
females) with a mean age of 44 (± 11) years.

laBoratorY metHods

Analysis of complete blood counts was performed using the 
Coulter STKS™ (Beckman Coulter, Nyon, Switzerland) elec-
tronic cell analyzer. Fibrinogen concentrations were calculated 
by the method of Clauss [18] and a Sysmex 6000™ (Sysmex 
Corporation, Hyaga, Japan) autoanalyzer. High sensitivity 
C-reactive protein (hs-CRP) levels were measured using a 
Boehring BN II Nephelometer™ (DADE Boehring, Marburg, 
Germany) [19]. The erythrocyte sedimentation rate (ESR) was 
calculated using the Westergren method [20]. 

deFinition oF atHerotHromBotic risK

Findings in the routine health checkups were assessed for 
atherothrombotic risk using various criteria. Risk factors 
included diabetes mellitus, defined as fasting glucose levels 
≥ 126 mg/dl (7.0 mmol/L) or regular intake of insulin or any 
oral hypoglycemic; hypertension, defined as blood pressure 
> 140/90 mmHg on two separate measurements or regular 
intake of antihypertensive drugs; dyslipidemia, defined as low 
density lipoprotein (LDL) concentration or non-high density 
lipoprotein (HDL) cholesterol concentration, and individuals 

displaying elevated triglyceride concentrations above recom-
mended levels according to risk profile defined by the updated 
ATP III recommendations [21] or the intake of lipid-lowering 
medications. The definition of metabolic syndrome was 
based on the NCEP ATP III Criteria [21], with the modified 
Impaired Fasting Glucose criteria of the American Diabetes 
Association, as proposed by the updated AHA/NHLBI scien-
tific statement [22]. Smokers were individuals who smoked 
at least five cigarettes per day, while past smokers had quit 
smoking at least 30 days prior to examination.

statistical analYsis

All analyses were performed separately for each gender due to 
the significant variance in inflammation-sensitive biomarker 
levels between genders and the different factors influencing 
these biomarkers within each group. All continuous variables 
are presented as the mean (standard deviation), and categorical 
variables as the number (percent) of patients in each group. 
Hs-CRP levels, ESR and triglyceride concentrations did not 
have normal distributions in this population. A logarithmic 
transformation was used to convert them to normal distri-
butions for all statistical purposes, such as regressions and 
ANCOVA. All hs-CRP, ESR and triglyceride results are thus 
depicted as back-transformed geometric means and standard 
deviation. The one-sample Kolmogorov-Smirnov test and Q-Q 
plots were used to test for normality of distributions.

For continuous variables, one-way analyses of variance 
(ANOVA) were performed to compare various parameters 
among different SRH groups, as well as for calculating the sig-
nificance of trends. For all categorical variables, the chi-square 
test was used to assess the overall significance of variance among 
groups.

In order to assess the independent association of SRH with 
the variability in inflammation-sensitive biomarker levels, we 
calculated the estimated marginal means of the inflammation-
sensitive biomarkers for the different SRH groups and adjusted 
for various potential confounders using a general linear model 
of ANCOVA. These potential confounders were variables 
with either known or suspected influence on inflammatory-
sensitive biomarker levels and SRH, and included:
•	 age
•	 waist circumference
•	 cardiovascular risk factors such as diabetes mellitus, history 

of atherothrombotic event (ischemic heart disease, cerebro-
vascular event or peripheral arterial disease), hypertension, 
dyslipidemia and family history of coronary heart disease

•	 health behaviors, including current and past smoking 
status, alcohol consumption habits and physical activity 
intensity

•	 regular intake of either oral contraceptives or hormone 
replacement therapy in women

•	 level of education expressed as number of school years
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table 1. Mean (SD) of anthropometric variables, laboratory findings and inflammation-sensitive biomarker levels, by SRH group (men)

men

srH average good excellent anova

P for trendn 909 5345 2597 P value

Anthropometric 
profile

Age (years) 47 (11) 45 (11) 40 (11) < 0.001 < 0.001

No. of school years 15.2 (3.0) 15.5 (2.9) 15.4 (2.8) 0.027 0.148

Waist circumference (cm) 101 (12) 95 (10) 91 (9) < 0.001 < 0.001

BMI (kg/m2) 29 (5) 27 (4) 26 (3) < 0.001 < 0.001

Systolic BP (mmHg) 128 (16) 125 (15) 122 (13) < 0.001 < 0.001

Diastolic BP (mmHg) 81 (9) 79 (8) 76 (8) < 0.001 < 0.001

Alcohol consumption (units) 1.2 (2.9) 1.3 (2.3) 1.3 (2.2) 0.788 0.521

Physical activity (hours) 1.4 (2.2) 2.1 (2.6) 3.1 (3.1) < 0.001 < 0.001

Lab findings Plasma glucose levels (mg/dl) 101 (27) 95 (17) 91 (12) < 0.001 < 0.001

HDL cholesterol (mg/dl) 48 (10) 50 (10) 52 (11) < 0.001 < 0.001

LDL cholesterol (mg/dl) 121 (33) 122 (31) 117 (31) < 0.001 0.005

Triglyceride levels (mg/dl) 130 (2) 115 (2) 97 (2) < 0.001 < 0.001

Inflammatory 
biomarkers

hs-CRP levels (mg/L) 2.0 (2.8) 1.4 (2.8) 1.1 (2.8) < 0.001 < 0.001

Fibrinogen (mg/dl) 299 (62) 286 (57) 270 (54) < 0.001 < 0.001

ESR (sec) 9.3 (2.2) 8.2 (2.1) 7.2 (2.2) < 0.001 < 0.001

WBC (103/µl) 7.3 (1.9) 6.8 (1.6) 6.5 (1.5) < 0.001 < 0.001

SRH = self-rated health, SD = standard deviation, ANOVA = one-way analysis of variance, BMI = body mass index, BP = blood pressure, HDL = high density 
lipoprotein, LDL = low density lipoprotein, hs-CRP = high sensitivity C-reactive protein, ESR = erythrocyte sedimentation rate, WBC = white blood cells 

in Table 1. As noted in Table 1, the rates of atherothrombotic 
diseases and risk factors, including family history, were all 
higher in the lower SRH group. The percentages of individu-
als taking cardiovascular medication were also higher in this 
group, including medications that lower inflammatory bio-
markers, such as statins. On the other hand, oral contraceptives 
were much more prevalent in the higher SRH group, and those 
medications are known to elevate inflammatory biomarkers.

Since the crude and unadjusted association of inflamma-
tion-sensitive biomarkers across the different SRH groups 
yielded significant results in both genders [Tables 1 and 2], 
we further investigated the association of these biomarkers in 
each of the three SRH groups following gradual adjustments 
for confounders [Table 4]. Our findings show that hs-CRP 
significantly differs between SRH groups in both genders 
even after the adjustments to all potential confounders [Table 
4]. Fibrinogen differs according to SRH but the difference is 
significant in males only, with low absolute value (data not 
shown*). ESR and white blood cell (WBC) count do not sus-
tain significance following adjustment (data not shown*). 

Finally, to minimize the potential effect of some of the 
variables, we repeated the analyses for hs-CRP after further 
excluding individuals with a history of atherothrombotic event, 
diabetes mellitus, hypertension, dyslipidemia, or metabolic syn-
drome, as well as current smokers. This subsample of apparently 

•	 level of depression calculated using the Patient Health 
Questionnaire (PHQ-9) [23]. 

This questionnaire includes nine questions on signs and symp-
toms of depression, and the total sum of scores was used in 
the analyses. In our cohort the internal reliability was high 
(Cronbach’s alpha of 0.78). The SPSS statistical package ver-
sion 19.0 was used to perform all statistical analyses (SSPS Inc., 
Chicago, IL, USA).

results

The anthropometric characteristics, blood pressure values, rele-
vant laboratory studies, inflammation-sensitive biomarker levels, 
sport activity and alcohol consumption habits of both genders 
are described in Tables 1 and 2 for males and females, respec-
tively, according to SRH groups. The group with the lowest SRH 
had a significantly higher atherothrombotic profile, as evident 
by higher plasma glucose concentrations, LDL and triglyceride 
concentrations, lower HDL concentration, higher waist and body 
mass index (BMI), older age, higher measured systolic and dia-
stolic blood pressure, lower physical activity in both genders, 
and lower alcohol consumption in women. In addition, we noted 
significantly higher concentrations of all inflammation-sensitive 
biomarkers in this group in both genders. 

Various cardiovascular risk factors for both genders are 
described in Table 3, and the frequency of relevant drug intake *Available from the author on request



original articles

216 

IMAJ • VOL 17 • AprIL 2015

healthy individuals comprised 7686 individuals (4784 males, 
2902 females). Significant differences in hs-CRP are evident 
between the SRH groups even among this healthier group (data 
not shown*). However, the hs-CRP concentrations are lower 
and the differences between the SRH groups smaller in this 
healthier subsample, as compared to the full sample, especially 
among women. 

discussion

The current study demonstrates an association between 
inflammation-sensitive biomarker levels and SRH catego-
ries among apparently healthy individuals, especially when 
comparing levels of hs-CRP. This association is valid for both 
genders and even when tested among those individuals with 
no known co-morbidities. 

These observations are in line with prior publications 
addressing the issue that perception of subjective health is 
related to levels of inflammatory cytokines, and that poor 
SRH is associated with higher levels of cytokines. This correla-
tion between pro-inflammatory cytokines (specifically tumor 
necrosis factor-alpha and interleukin-1 beta) has been shown 
by general population surveys to be significant in primary care 
[24] and in relation to illness (e.g., coronary heart disease), but 
only in women [9,10]. Those studies assumed that the differ-
ence between genders was attributed to differences in self-health 
judgment between men (reflecting symptoms of function) and 
women (associated with subjective symptoms and being more 
sensitive to the overall quantity of their negative feelings) [25]. 
Accordingly, if SRH is affected by cytokines, the perceived 
symptoms are expected to be diffuse and subjective in nature. 
Therefore, the stronger relation between SRH and inflammatory 
cytokines found in women was considered due to differences 
in health apprehension between the sexes. On the other hand, 
the immune characteristics of men are different from those of 
women, who have a higher prevalence of autoimmune diseases, 
and it is possible that these differences together with a possible 
higher immune baseline in women account for the significant 
correlation between inflammatory response and SRH found 
in prior research. Our results show a significant association 
between hs-CRP and SRH among apparently healthy individu-
als of both genders, validating a previous correlation between 
SRH and inflammatory biomarkers in women only. A possible 
explanation for this association among males is the large sample 
size of our cohort. In addition, our cohort population comprised 
relatively healthy individuals who were younger than in previ-
ous studies regarding SRH in the general population, and we 
performed multilayer adjustments to clinical and behavioral 
factors, including depression that was assumed in the past to be 
the reason for gender differences [24].

We acknowledge several limitations. Our cohort of partici-
pants undergoing a periodic health examination may not be 

table 2. Mean (SD) of anthropometric variables, laboratory findings and 
inflammation-sensitive biomarker levels, by SRH group (women)

women

srH average good excellent anova
P for 
trendn 559 3232 1131 P value

Anthropometric 
profile

Age (years) 48 (10) 45 (10) 41 (11) < 0.001 < 0.001

No. of school years 14.5 (2.9) 15.3 (2.9) 15.6 (2.7) < 0.001 < 0.001

Waist circumference 
(cm)

88 (13) 82 (12) 78 (10) < 0.001 < 0.001

BMI (kg/m2) 28 (6) 25 (5) 24 (4) < 0.001 < 0.001

Systolic BP (mmHg) 121 (18) 117 (16) 112 (14) < 0.001 < 0.001

Diastolic BP (mmHg) 76 (9) 74 (8) 72 (7) < 0.001 < 0.001

Alcohol consumption 
(units)

0.3 (0.9) 0.5 (1.4) 0.7 (1.5) < 0.001 < 0.001

Physical activity (hours) 1.3 (2.5) 1.7 (2.4) 2.5 (2.9) < 0.001 < 0.001

Lab findings Plasma glucose levels 
(mg/dl)

97 (29) 90 (15) 87 (10) < 0.001 < 0.001

HDL cholesterol (mg/dl) 60 (14) 64 (15) 67 (15) < 0.001 < 0.001

LDL cholesterol (mg/dl) 124 (35) 118 (32) 111(31) < 0.001 < 0.001

Triglyceride levels
(mg/dl)

106 (2) 91 (2) 81 (2) < 0.001 < 0.001

Inflammatory 
biomarkers

hs-CRP levels (mg/L) 2.4 (3.3) 1.6 (3.2) 1.4 (3.2) < 0.001 < 0.001

Fibrinogen (mg/dl) 327 (60) 312 (59) 303 (58) < 0.001 < 0.001

ESR (sec) 18.5 (1.8) 16.4 (1.8) 15.4 (1.9) < 0.001 < 0.001

WBC (103/µl) 7.0 (1.8) 6.8 (1.7) 6.7 (1.7) < 0.001 < 0.001

SD = standard deviation, ANOVA = one-way analysis of variance, BMI = body mass index, BP = 
blood pressure, HDL = high density lipoprotein, LDL = low density lipoprotein, hs-CRP = high 
sensitivity C-reactive protein, ESR = erythrocyte sedimentation rate, WBC = white blood cells 

table 3. Number (%) of individuals with history of cardiovascular event and 
cardiovascular risk factors by SRH group (men and women)

srH average good excellent chi-square

men (n) 909 5345 2597 P value

History of atherothrombotic event 111 (12.2) 216 (4.0) 31 (1.2) < 0.001

Diabetes mellitus 130 (14.3) 246 (4.6) 39 (1.5) < 0.001

Hypertension 401 (44.1) 1457 (27.3) 384 (14.8) < 0.001

Dyslipidemia 455 (50.1) 1847 (34.6) 473 (18.2) < 0.001

Current smoker 201 (22.3) 920 (17.3) 338 (13.1) < 0.001

Past smoker 266 (29.5) 1455 (27.4) 568 (22.0)

Family history of CHD 197 (21.7) 798 (14.9) 298 (11.5) < 0.001

women (n) 559 3232 1131 P value

History of atherothrombotic event 44 (7.9) 85 (2.6) 4 (0.4) < 0.001

Diabetes mellitus 51 (9.1) 101 (3.1) 8 (0.7) < 0.001

Hypertension 165 (29.5) 499 (15.4) 68 (6.0) < 0.001

Dyslipidemia 209 (37.4) 718 (22.2) 120 (10.6) < 0.001

Current smoker 140 (25.2) 607 (18.9) 156 (13.9) < 0.001

Past smoker 103 (18.6) 649 (20.2) 206 (18.4)

Family history of CHD 118 (21.1) 570 (17.6) 166 (14.7) 0.003

CHD = coronary heart disease
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representative of the general population as most were highly 
educated, white-collar workers who exhibited generally good 
health-behavior patterns. This could explain the very small 
number of individuals who reported poor or very poor health. 
However, our results were significant even after we narrowed 
the range of SRH answers. We assume that a more heteroge-
neous cohort would yield even better associations, but this is 
yet to be explored.

Our study has several strengths, such as the large sample 
size, the multiple biomarkers used to assess the inflammatory 
profile, controlling for several well-known antecedents of SRH, 
and that the analyses were based on apparently healthy persons. 
In addition, the participants were not aware of their inflamma-
tion levels when answering the questionnaire, thus avoiding 
common method bias.

The findings support the argument that SRH is more inclu-
sive than covariates typically used in epidemiological studies, 
suggesting that SRH is sensitive both to medical information 
and to the experience of bodily sensations. These sensations 
may be affected by inflammatory biomarkers and may explain 
how SRH predicts morbidity and mortality even when objective 
disease is absent. Thus, our findings underscore the importance 
of assessing SRH and addressing it like other markers of poor 
health. SRH provides an important screening tool for high risk 
populations [3] as for the general population. Unmasking the 
biological determinants of the self-perception leading to SRH, 
along with the biomarkers correlating with it, is most important 
and should be addressed in future longitudinal research. 
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Iron sequestration provides an innate defense, termed nutri- 
tional immunity, leading pathogens to scavenge iron from 
hosts. Although the molecular basis of this battle for iron 
is established, its potential as a force for evolution at host-
pathogen interfaces is unknown. Barber & Elde have shown that 
the iron transport protein transferrin is engaged in ancient and 
ongoing evolutionary conflicts with TbpA, a transferrin surface 
receptor from bacteria. Single substitutions in transferrin 
at rapidly evolving sites reverse TbpA binding, providing 

a mechanism to counteract bacterial iron piracy among  
great apes. Furthermore, the C2 transferrin polymorphism in 
humans evades TbpA variants from Haemophilus influenzae, 
revealing a functional basis for standing genetic variation. 
These findings identify a central role for nutritional immunity 
in the persistent evolutionary conflicts between primates and 
bacterial pathogens. 

Science 2014; 346: 1362
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escape from bacterial iron piracy through rapid evolution of transferrin

Since the implementation of the mass vaccination cam- 
paign against hepatitis B in France, the appearance of 
multiple sclerosis, sometimes occurring in the aftermath 
of vaccinations, led to the publication of epidemiological 
international studies. This was also justified by the sharp 
increase in the annual incidence of multiple sclerosis 
reported to the French health insurance in the mid-1990s. 
Almost 20 years later, a retrospective reflection can be 
sketched from these official data as well as from the national 

pharmacovigilance agency. Statistical data from these latter 
sources seem to show a significant correlation between 
the number of hepatitis B vaccinations performed and the 
declaration to the pharmacovigilance of multiple sclerosis 
occurring between 1 and 2 years later. The application of Hill’s 
criteria to these data indicates that the correlation between 
hepatitis B vaccine and multiple sclerosis may be causal.

Immunol Res 2014; doi 10.1007/s12026-014-8574-4

Shelly Shachar

capsule

evolution of multiple sclerosis in France since the beginning of hepatitis B vaccination

An important cause of obesity-induced insulin resistance 
is chronic systemic inflammation originating in visceral 
adipose tissue (VAT). VAT inflammation is associated with the 
accumulation of pro-inflammatory macrophages in adipose 
tissue, but the immunological signals that trigger their 
accumulation remain unknown. Wesveen et al. found that a 
phenotypically distinct population of tissue-resident natural 
killer (NK) cells represented a crucial link between obesity-
induced adipose stress and VAT inflammation. Obesity drove 
the upregulation of ligands of the NK cell-activating receptor 

NCR1 on adipocytes; this stimulated NK cell proliferation and 
interferon-gamma (IFNγ) production, which in turn triggered the 
differentiation of pro-inflammatory macrophages and promoted 
insulin resistance. Deficiency of NK cells, NCR1 or IFNγ 
prevented the accumulation of pro-inflammatory macrophages 
in VAT and greatly ameliorated insulin sensitivity. Thus NK cells 
are key regulators of macrophage polarization and insulin 
resistance in response to obesity-induced adipocyte stress.

Nature Immunol 2015; 16: 376
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nK cells link obesity-induced adipose stress to inflammation and insulin resistance




