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Impact of Obesity and Adiposity on Inflammatory
Markers in Patients With Rheumatoid Arthritis
MICHAEL D. GEORGE,1 JON T. GILES,2 PATRICIA P. KATZ,3 BRYANT R. ENGLAND,4

TED R. MIKULS,4 KALEB MICHAUD,4 ALEXIS R. OGDIE-BEATTY,5 SAID IBRAHIM,6

GRANT W. CANNON,7 LIRON CAPLAN,8 BRIAN C. SAUER,9 AND JOSHUA F. BAKER6

Objective. The C-reactive protein (CRP) level and erythrocyte sedimentation rate (ESR) are important disease activity
biomarkers in rheumatoid arthritis (RA). This study aimed to determine to what extent obesity biases these biomarkers.
Methods. Body mass index (BMI) associations with CRP level and ESR were assessed in 2 RA cohorts: the cross-sec-
tional Body Composition (BC) cohort (n = 451), including whole-body dual x-ray absorptiometry measures of fat mass
index; and the longitudinal Veterans Affairs Rheumatoid Arthritis (VARA) registry (n = 1,652), using multivariable
models stratified by sex. For comparison, associations were evaluated in the general population using the National
Health and Nutrition Examination Survey.
Results. Among women with RA and in the general population, greater BMI was associated with greater CRP levels,
especially among women with severe obesity (P < 0.001 for BMI ≥35 kg/m2 versus 20–25 kg/m2). This association
remained after adjustment for joint counts and patient global health scores (P < 0.001 in BC and P < 0.01 in VARA),
but was attenuated after adjustment for fat mass index (P = 0.17). Positive associations between BMI and ESR in
women were more modest. In men with RA, lower BMI was associated with higher CRP levels and ESR, contrasting
with positive associations among men in the general population.
Conclusion. Obesity is associated with higher CRP levels and ESR in women with RA. This association is related to
fat mass and not RA disease activity. Low BMI is associated with higher CRP levels in men with RA; this unexpected
finding remains incompletely explained but likely is not a direct effect of adiposity.

INTRODUCTION

Laboratory measures of systemic inflammation, particu-
larly C-reactive protein (CRP) level and erythrocyte sedi-
mentation rate (ESR), are routinely used in the diagnosis
and assessment of disease activity in patients with rheuma-
toid arthritis (RA) and may substantially impact physician
decision-making. These biomarkers are also part of disease

activity measures that serve as primary outcome measures
in clinical trials (1).
In the general population, higher levels of CRP have

been shown to be associated with greater body mass
index (BMI) and adiposity, especially among women (2).
Small studies with healthy subjects have also described
similar associations with fibrinogen (3) and ESR (4,5).
This association in the general population raises the
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question of how inflammatory markers may perform as a
biomarker of disease activity among obese patients with
RA. Indeed, Giles et al found that truncal fat was associ-
ated with CRP and interleukin-6 (IL-6) in women, but
not men, with RA (6). Inflammatory biomarkers that are
elevated because of adiposity may lead to inaccurate
assessment of clinical RA disease activity. There is sur-
prisingly little recognition of this issue among practicing
clinicians and little published data to illustrate the mag-
nitude of effect among the severely obese.
The objectives of this study were to evaluate associations

between BMI and inflammatory markers in patients with
RA, determine whether these associations are similar to
those in patients without RA, and examine the potential
impact of obesity on disease activity measures. This study
tested the hypothesis that inflammatory markers are higher
among obese individuals with RA and correlate with excess
adiposity, independent of other measures of RA disease
activity.

MATERIALS AND METHODS

Study samples. Two RA cohorts were evaluated: a cross-
sectional Body Composition (BC) cohort, including whole-
body dual x-ray absorptiometry (DXA) measures of
adiposity, and the longitudinal Veterans Affairs Rheumatoid
Arthritis Registry (VARA) cohort, with a larger sample size
and more men. Associations between BMI and inflammatory
markers were also evaluated in the general population using
data from the National Health and Nutrition Examination
Survey (NHANES).
The BC cohort (n = 451). This cohort is pooled from 3

independent studies of patients with RA (see below) that
included examination and laboratory analysis, as well as
whole-body DXA measures of fat and lean mass. The first is
the University of California San Francisco (UCSF) cohort (n =
140) (7). Details regarding this study cohort have been
previously published (7,8). After telephone interviews in
the study years 2007–2009, UCSF RA panel participants
were recruited for in-person assessments, which included
measurement of body composition. Exclusion criteria were
non–English speaking, age <18 years, current daily oral
prednisone dosage >50 mg, current pregnancy, uncorrected

vision problems that interfered with reading, and joint
replacement within 1 year. The second cohort is the
University of Pennsylvania (Penn) cohort (n = 115) (9). It was
initiated in 2012 to evaluate alterations in body composition
and bone structure in patients with RA. Patients were
recruited from University of Pennsylvania rheumatology
practices and the Philadelphia Veterans Affairs Medical
Center and consisted of individuals ages 18–70 yearswith RA
meeting the 2010 American College of Rheumatology (ACR)
criteria (10). Patients with juvenile idiopathic arthritis (or
another inflammatory arthritis), active cancer, chronic
diseases known to affect bone health (e.g., chronic kidney
disease, liver disease, or malabsorption syndromes), or
pregnancy were excluded. Patients weighing >300 pounds
were excluded due to the weight limitations of the imaging
equipment used. The third cohort is the Evaluation of
Subclinical Cardiovascular Disease and Predictors of Events
in RA Study (ESCAPE RA) cohort (n = 197) (11). Patients
were men and women in the ESCAPE RA cohort study,
enrolled between October 2004 and May 2006 (11). Patients
with RA followed at the Johns Hopkins Arthritis Center or
referred from local rheumatologists were enrolled, all of
whom met ACR 1987 criteria (12), were ages 45–84 years,
weighed ≤300 pounds, and did not report any prior
prespecified cardiovascular events or procedures.
VARA registry cohort (n = 1,652). The VARA national

repository and multicenter, longitudinal RA disease
registry has operated for more than 10 years. At the time of
this study, 12 VA sites participated (Salt Lake City, Utah;
Washington, DC; Jackson, Mississippi; Philadelphia,
Pennsylvania; Brooklyn, New York; Omaha, Nebraska;
Dallas, Texas; Iowa City, Iowa; Denver, Colorado; Little
Rock, Arkansas; Portland, Oregon; and Birmingham,
Alabama). Veterans with RA are identified by the treating
rheumatologist at individual sites. Veterans who fulfill the
1987 ACR criteria for RA and who are older than 18 years
are eligible for enrollment. Physician-investigators at each
site record clinical data at enrollment and at followup
visits, including the Multidimensional Health Assessment
Questionnaire (MD-HAQ), swollen and tender joint counts
(0 to 28), inflammatory markers, pain scores, and patient
and physician disease assessment scores. Each individual
site has institutional review board approval, and all study
patients gave informed written consent at enrollment.
NHANES Study (controls). The NHANES is an ongoing

Centers for Disease Control and Prevention and National
Center for Health Statistics program, which interviews
and examines a representative sample of the US
population. The NHANES uses a complex, multistage,
probability-sampling design with oversampling of certain
populations. Survey methods and data collection for the
2007–2010 survey and 1971–1974 survey have previously
been described (13,14). The CRP level was evaluated in
2007–2010 (13) and the ESR in 1971–1974 (14) among
nonpregnant adults ages ≥18 years.

Body composition assessment. Weight in kilograms was
converted to BMI by dividing it by the square of the height
in meters. BMI categories were defined as underweight (<20
kg/m2), normal weight (20 to <25 kg/m2), overweight (25 to
<30 kg/m2), obese (30 to <35 kg/m2), and severely obese

Significance & Innovations
• Severely obese women both with and without

rheumatoid arthritis (RA) have high C-reactive pro-
tein levels and erythrocyte sedimentation rates.

• Obesity-related elevations in inflammatory mark-
ers in women with RA are not related to greater
RA disease activity and should be interpreted
cautiously.

• Low body mass index is associated with higher
levels of inflammatory markers among men with
RA, a phenomenon not observed in the general
population.
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Abstract
Objectives—To examine the relationship between being overweight or obese and developing 
rheumatoid arthritis (RA) in two large prospective cohorts, the Nurses’ Health Study (NHS) and 
Nurses’ Health Study II (NHSII)

Methods—We followed 109,896 women enrolled in NHS and 108,727 in NHSII who provided 
lifestyle, environmental exposure and anthropometric information through biennial questionnaires. 
We assessed the association between time-varying and cumulative body mass index (BMI) in 
WHO categories of normal, overweight, and obese (18.5-< 25, 25.0-<30, ≥30.0 kg/m2) and 
incident RA meeting the 1987 ACR criteria. We estimated hazard ratios (HRs) for overall RA and 
serologic subtypes with Cox regression models adjusted for potential confounders. We repeated 
analyses restricted to RA diagnosed at age 55 years or younger.

Results—During 2,765,195 person-years of follow-up (1976–2008) in NHS and 1,934,518 
person-years (1989–2009) in NHSII, we validated 1181 incident cases of RA (826 in NHS, 355 in 
NHSII). There was a trend toward increased risk of all RA among overweight and obese women 
[HR (95% CI): 1.37 (0.95, 1.98) and 1.37 (0.91, 2.09), p for trend=0.068]. Among RA cases 
diagnosed at age 55 years or younger, this association appeared stronger [HR 1.45(1.03, 2.03) for 
overweight and 1.65(1.34, 2.05) for obese women (p trend <0.001)]. Ten cumulative years of 
being obese, conferred a 37% increased risk of RA at younger ages [HR 1.37 (1.11, 1.69)].

Conclusions—Risks of both seropositive and seronegative RA were elevated among overweight 
and obese women, particularly among women diagnosed with RA at earlier ages.
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the lifespan. Hence our ability to capture subjects with early symptoms, or who were not 
working as nurses at baseline was limited and the generalizability of our findings was also 
limited to this middle-age range. However, our ability to observe an association between 
BMI and RA risk while applying our stringent case definitions supports the robust nature of 
this association.

Conclusions
In conclusion, we observed that being obese increased the risk of RA in women by 40 to 
70% depending on age and serologic status. The highest risk for RA was among women 
who were overweight or obese at age 18 years, emphasizing the public health importance of 
combating the obesity epidemic at all ages. Our study implicates being overweight or obese 
throughout adult life as a risk factor in the development of both seropositive and 
seronegative RA for women diagnosed with RA at age 55 years or younger. The attenuated 
association between BMI and RA diagnosed at older ages may reflect differences in the 
pathophysiology of RA diagnosed at earlier ages compared with that diagnosed at older 
ages, or may be a result of the limitations of BMI as a measure of total fat mass as women 
age.
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Long-term dietary quality and risk of developing
rheumatoid arthritis in women
Yang Hu,1 Jeffrey A Sparks,2 Susan Malspeis,2 Karen H Costenbader,2 Frank B Hu,3,4

Elizabeth W Karlson,2 Bing Lu2

ABSTRACT
Objectives To evaluate the association between long-
term dietary quality, measured by the 2010 Alternative
Healthy Eating Index, and risk of rheumatoid arthritis
(RA) in women.
Methods We prospectively followed 76 597 women in
the Nurses’ Health Study aged 30–55 years and 93 392
women in the Nurses’ Health Study II aged 25–42 years
at baseline and free from RA or other connective tissue
diseases. The lifestyle, environmental exposure and
anthropometric information were collected at baseline
and updated biennially. Cumulative follow-up rates were
more than 90% for both cohorts. The primary outcome
was RA alone with two subtypes of the disease:
seropositive and seronegative RA.
Results During 3 678 104 person-years, 1007 RA
cases were confirmed. In the multivariable-adjusted
model, long-term adherence to healthy eating patterns
was marginally associated with reduced RA risk. To
assess potential effect modification by age at diagnosis,
we stratified by age. Among women aged ≤55 years,
better quality diet was associated with lower RA risk
(HRQ4 vs Q1: 0.67; 95% CI 0.51 to 0.88; p trend:
0.002), but no significant association was found for
women aged >55 years (p interaction: 0.005). When
stratifying by serostatus, the inverse association among
those aged ≤55 years was strongest for seropositive RA
(HRQ4 vs Q1: 0.60; 95% CI 0.42 to 0.86; p trend:
0.003).
Conclusions A healthier diet was associated with a
reduced risk of RA occurring at 55 years of age or
younger, particularly seropositive RA.

INTRODUCTION
Rheumatoid arthritis (RA) is a common auto-
immune disease, affecting approximately 1.3
million Americans including 2.5 times as many
women as men.1 Although the aetiology of RA is
not completely understood, it is widely recognised
that both genetic and environmental exposures
including lifestyle and dietary risk factors contrib-
ute to the development of RA. Our group and
others have reported that high intake of alcohol,
fish, olive oil and cooked vegetables confer a pro-
tective effect against the development of RA,2–6

whereas red meat and sugar-sweetened soda intake
may increase the risk of RA.7 8 However, not all
studies confirmed such associations.9–11 One
explanation for the inconsistent findings may be
that individual food/nutrients only confer modest
beneficial effects, so that any protective effects
would not be observed unless groups of dietary

factors are consumed together. Dietary pattern ana-
lysis in relation to disease risk addresses these lim-
itations as it integrates the complexity of overall
diet.12

The 2010 Alternative Healthy Eating Index
(AHEI-2010) is a dietary quality score based on the
recent Dietary Guidelines for Americans composed
of 11 foods and nutrients that have been consist-
ently associated with risk of chronic diseases.13

Among 11 foods/nutrients included in the dietary
index, fruits, vegetables, whole grains, nuts, long-
chain (n-3) fat (% of total energy), polyunsaturated
fat (% of total energy) and moderate alcohol con-
sumption were considered as healthy items, while
sugar-sweetened beverages (including fruit juice),
red/processed meat, trans fat (% of total energy)
and sodium intake were deemed as unhealthy com-
ponents. Higher scores of AHEI-2010 have been
strongly associated with reduced risk for major
chronic diseases including cardiovascular diseases
(CVD), type 2 diabetes (T2D) and certain types of
cancer.14–19 No study has investigated the associa-
tions between overall dietary quality and risk of
autoimmune diseases, such as RA. Our primary aim
was to investigate associations between AHEI-2010
score and risk of RA in two large prospective
cohort studies of women: Nurses’ Health Study
(NHS) and NHSII.
Previous studies on CVD have showed that the

influence of established risk factors such as
smoking, body mass index (BMI), hypertension,
diabetes, hyperlipidaemia diminished with advan-
cing age,20–22 which is likely due to blunted
response to autonomic nervous system stimuli23 24

that is triggered by these modifiable factors. Similar
phenomenon was observed in our previous analysis
that demonstrated a significant trend towards
increased risk of RA diagnosed at age ≤55 years
among overweight women and women with
obesity, but not in women aged >55 years.25

Moreover, literature suggest that RA occurred at
younger and older age are aetiologically different in
many respects.26 27 Thus, our secondary aim was
also to examine the diet quality and RA associations
in both younger age (≤55 years) and older age
(>55 years).

METHODS
Study population
In 1976, NHS was initiated and included 121 700
female registered nurses aged 30–55 years. In
1989, 116 671 female registered nurses aged 25–
42 years enrolled in NHSII. Participants from both
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serum glucocorticoid kinase 1.43 44 Finally, legumes, nuts and
whole grains, which are abundant in dietary fibre and antioxi-
dants may have potential to mitigate the RA risk.33

In the current study, we have found that the protective effects
of higher diet quality on RA risk are strongest among women
aged ≤55 years. This result is similar to our previous finding
that the positive association between obesity and RA is also
restricted among women with RA diagnosed at younger age.
This may imply different risk factors for earlier and later onset
RA. It is proposed that later onset RA may be different from
earlier onset RA in terms of genetic predisposition and immune
dysfunction, and hormonal changes with menopause can be a
source of RA activation in older female patients.45

The strengths of our study include the use of two large
cohort studies with long-term follow-up, dietary pattern ana-
lysis, repeated assessments of diet and potential confounders
and high rates of follow-up. There are several limitations in our
study. First, residual confounding by other unmeasured or
unknown factors might still exist, and better diet quality could
be a marker for healthy lifestyle. However, because we have
carefully adjusted for major lifestyle factors, it is unlikely that
the residual confounding completely explain the observed
inverse associations. Second, the AHEI-2010 is a hypothesis-
driven dietary index based on observed associations between
single dietary components and the risk of major diseases,13

which was not specifically derived for RA. The AHEI-2010 did
not incorporate all dietary items that may have beneficial effects
for lowering RA risk. Thus, it is not clear that AHEI-2010 is the
optimal dietary index for RA prevention. Third, the pooled ana-
lysis may generate spurious results when the distribution of
exposure variable is different in each study (Simpson’s
paradox).46 47 However, NHS and NHSII have the similar
research designs, so it is unlikely that our findings were severely
biased by Simpson’s paradox. Fourth, since the dietary informa-
tion was collected every 4 years, we were unable to capture the
variation of diet intake within this interval. However, the use of
cumulative average dietary intake largely reduced the impact of
day-to-day variation and could better reflect the long-term
intake. Fifth, the majority of RA cases in our cohorts were diag-
nosed from age 45 to 65 years, we were unable to have enough
RA cases to repeat the analyses among more extreme age
groups, such as age<45 years or >65 years. Lastly, the dietary
quality within these cohorts of mostly white, well-educated
healthcare professionals may not be representative of the dietary
quality in the USA and other countries. However, it is unlikely
that the underlying biological mechanisms differ substantially by
race. The observed associations of AHEI with other chronic dis-
eases in NHS cohorts are very similar to other studies around
the world.48

CONCLUSIONS
In summary, the results from this study indicate that greater
long-term adherence to a healthy dietary pattern may reduce
RA risk in women, particularly seropositive RA diagnosis at age
55 years or younger. Further studies are warranted to replicate
our findings.
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ABSTRACT
Background: Sugar-sweetened soda consumption is consistently as-
sociated with an increased risk of several chronic inflammatory dis-
eases such as type 2 diabetes and cardiovascular diseases. Whether it
plays a role in the development of rheumatoid arthritis (RA), a com-
mon autoimmune inflammatory disease, remains unclear.
Objective: The aim was to evaluate the association between sugar-
sweetened soda consumption and risk of RA in US women.
Design: We prospectively followed 79,570 women from the Nurses’
Health Study (NHS; 1980–2008) and 107,330 women from the NHS II
(1991–2009). Information on sugar-sweetened soda consumption (in-
cluding regular cola, caffeine-free cola, and other sugar-sweetened
carbonated soda) was obtained from a validated food-frequency ques-
tionnaire at baseline and approximately every 4 y during follow-up.
Incident RA cases were validated by medical record review. Time-
varying Cox proportional hazards regression models were used to cal-
culate HRs after adjustment for confounders. Results from both cohorts
were pooled by an inverse-variance–weighted, fixed-effects model.
Results: During 3,381,268 person-years of follow-up, 857 incident
cases of RA were documented in the 2 cohorts. In the multivariable
pooled analyses, we found that women who consumed$1 serving of
sugar-sweetened soda/d had a 63% (HR: 1.63; 95% CI: 1.15, 2.30;
P-trend = 0.004) increased risk of developing seropositive RA com-
pared with those who consumed no sugar-sweetened soda or who
consumed ,1 serving/mo. When we restricted analyses to those with
later RA onset (after age 55 y) in the NHS, the association appeared
to be stronger (HR: 2.64; 95% CI: 1.56, 4.46; P-trend , 0.0001). No
significant association was found for sugar-sweetened soda and sero-
negative RA. Diet soda consumption was not significantly associated
with risk of RA in the 2 cohorts.
Conclusion: Regular consumption of sugar-sweetened soda, but not
diet soda, is associated with increased risk of seropositive RA in
women, independent of other dietary and lifestyle factors. Am J
Clin Nutr 2014;100:959–67.

INTRODUCTION

Rheumatoid arthritis (RA)5 is the most common autoimmune
inflammatory disease, characterized by persistent synovitis, sys-
temic inflammation, and autoantibodies [rheumatoid factor (RF)
and anticitrullinated peptide antibodies (ACPAs)], and affects
w1% of adults, mostly women (1, 2). Although the etiology is
not completely elucidated, RA is generally considered to be
a multifactorial disease, caused by both genetic factors and en-
vironmental exposures including lifestyle and dietary risk factors

(1, 3–5). Cross-sectional studies have documented a high preva-
lence of metabolic syndrome and associated factors such as
obesity, dyslipidemia, or impaired glucose metabolism in patients
with RA (6). The incidence of type 2 diabetes (T2D) and car-
diovascular disease (CVD) is greater among patients with RA (7,
8), suggesting that the etiology of RA may have some overlap
with the development of these chronic inflammatory conditions.
Although many dietary risk factors have been identified for T2D
and CVD, whether these dietary factors are also related to RA
remains unclear (5, 9–11). Sugar-sweetened sodas are the primary
source of added sugar in the American diet, which may contribute
to the development of T2D and CVD by inducing obesity, insulin
resistance, and inflammation (12), all of which are also in the
etiologic pathway of RA. Therefore, we examined the association
between sugar-sweetened soda consumption and risk of RA.

To our knowledge, no previous study has explored whether
soda consumption is associated with the risk of development of
RA. We therefore investigated the relations between sugar-
sweetened and diet soda with RA risk in 2 well-established large
cohorts of young and middle-aged women, with a series of
lifestyle and dietary factors controlled for.

SUBJECTS AND METHODS

Study population

The Nurses’ Health Study (NHS) was initiated in 1976 and
comprised 121,700 female registered nurses, aged 30–55 y at
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studies found that consumption of artificial sweetener–containing
food was associated with weight loss and reduced concentra-
tions of inflammatory markers (39, 40). Because diet soda does
not provide evidence to support a role in the development of
inflammation, it is unlikely to contribute to the risk of RA.

An interesting finding in our study was that soda consumption
was related only to increased risk of seropositive RA but not
seronegative RA. Seropositive RA consists of the majority of RA
cases, and w50–80% of patients with RA have positive RF,
ACPA, or both (1). Compared with seronegative RA, seroposi-
tive RA has been more strongly associated with environmental
risk factors such as cigarette smoking, which may induce the
immunologic reaction against citrullinated peptides (41) and is
also associated with a poorer prognosis (42). Soda may con-
tribute to the genesis of autoantibodies that lead to the inflam-
matory cascades which might interact with other environmental
risk factors such as cigarette smoking and diet, but the detailed
biological mechanism remains unclear.

In the current analysis, we found that the associations were not
quite consistent in the 2 cohorts. There were 2 main reasons that
might account for this discrepancy. First, our analysis suggested
that soda consumption was only associated with later onset of
seropositive RA. Participants in the NHS II were, on average,
w10 y younger than those in the NHS. Only 17% of the RA
cases occurred at or after age 55 y in the NHS II, whereas 75%
of cases were later onset in the NHS. Because the relation be-
tween dietary factors and disease usually exhibits long-term
cumulative effects, it might be the additive detrimental effect of
soda over years that results in chronic inflammation and finally
leads to the development of RA. Second, there were significantly
fewer cases in the NHS II than in the NHS, which might result in
insufficient power to detect the potentially different risk of RA
between higher soda consumption groups and lower soda con-
sumption groups. Accordingly, it may be possible to find
a stronger association between soda consumption and risk of
seropositive RA during a longer period of follow-up in the NHS
II when more RA cases occur among elderly women.

In sensitivity analyses that did not exclude the most recent
dietary record, the association between soft drink consumption
and seropositive RA was attenuated but remained significant,
suggesting that preclinical symptoms of RA may lead to diet
changes and reverse causation bias in analyses that include recent
diet assessment. Analysis that used updated soda consumption
(excluding the most recent dietary record) also showed attenuated
associations, suggesting that long-term consumption of soda
might be more relevant to the development of RA compared with
short-term consumption. For the interaction analysis, we found
systematically higher risks of developing RA across soda con-
sumption groups among smokers with $10 pack-years in the
NHS. This result might suggest a synergic effect between soda
consumption and cigarette smoking on the development of
inflammation, because cigarette smoking is associated with
increased concentrations of inflammatory markers (43). In
examining the relation between fruit juice and fruit punch and
the risk of RA, we did not find any significant association in
either of the cohorts. Unlike soda, which consists of large
amounts of added high-fructose corn syrup and advanced gly-
cosylation end products, fruit juices contain many beneficial
components such as vitamins, minerals, soluble fiber, and phy-
tochemicals that may impede systemic oxidation and in-
flammation (44). Our analysis showed that skim milk might be
a good alternative for sugar-sweetened soda in lowering RA risk.
A previous study found an inverse association between milk
products and risk of RA perhaps through the immunomodulating
effects of vitamin D (45). Although the potential biological
mechanism is not known, it was reported that milk’s many anti-
inflammatory components such as lactadherin human milk oli-
gosaccharides and IL-10 (46) might contribute to the decreased
risk of RA.

Our study had several limitations. First, the study population
included only women, so whether the association could also be
present in men remains unknown. Because of the nature of
observational study, it is not possible to establish causality be-
tween soda consumption and risk of RA, because we may not rule

FIGURE 1. HRs for incident seropositive rheumatoid arthritis according to sugar-sweetened soda consumption in the Nurses’ Health Study (1980–2008)
stratified by age at diagnosis of rheumatoid arthritis. HRs were calculated by using time-varying Cox proportional hazards models. Results were adjusted for
age, census tract median family income (quartiles), cigarette smoking status (never; past; current, 1–14 cigarettes/d; or current, $15 cigarettes/d), alcohol
consumption (,5.0, 5.0–15.0, or $15 g/d), age at menarche (,12, 12, or .12 y), parity and breastfeeding (nulliparous, parous/no breastfeeding, parous/1–12
mo breastfeeding, or parous/.12 mo breastfeeding), hormone use (premenopausal, postmenopausal with never use, current use, or past use), physical activity
(0–2.9, 3–8.9, 9–17.9, 18–26.9, or $27 metabolic equivalent task hours/wk), BMI (in kg/m2; ,20, 20–22.9, 23–24.9, 25–29.9, or $30), multivitamin use,
Alternate Healthy Eating Index (quintiles), diabetes history, and total energy (kcal, quintiles). Reference category, ,1 serving/mo.
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carbonated soda) was obtained from a validated food-frequency ques-
tionnaire at baseline and approximately every 4 y during follow-up.
Incident RA cases were validated by medical record review. Time-
varying Cox proportional hazards regression models were used to cal-
culate HRs after adjustment for confounders. Results from both cohorts
were pooled by an inverse-variance–weighted, fixed-effects model.
Results: During 3,381,268 person-years of follow-up, 857 incident
cases of RA were documented in the 2 cohorts. In the multivariable
pooled analyses, we found that women who consumed$1 serving of
sugar-sweetened soda/d had a 63% (HR: 1.63; 95% CI: 1.15, 2.30;
P-trend = 0.004) increased risk of developing seropositive RA com-
pared with those who consumed no sugar-sweetened soda or who
consumed ,1 serving/mo. When we restricted analyses to those with
later RA onset (after age 55 y) in the NHS, the association appeared
to be stronger (HR: 2.64; 95% CI: 1.56, 4.46; P-trend , 0.0001). No
significant association was found for sugar-sweetened soda and sero-
negative RA. Diet soda consumption was not significantly associated
with risk of RA in the 2 cohorts.
Conclusion: Regular consumption of sugar-sweetened soda, but not
diet soda, is associated with increased risk of seropositive RA in
women, independent of other dietary and lifestyle factors. Am J
Clin Nutr 2014;100:959–67.

INTRODUCTION

Rheumatoid arthritis (RA)5 is the most common autoimmune
inflammatory disease, characterized by persistent synovitis, sys-
temic inflammation, and autoantibodies [rheumatoid factor (RF)
and anticitrullinated peptide antibodies (ACPAs)], and affects
w1% of adults, mostly women (1, 2). Although the etiology is
not completely elucidated, RA is generally considered to be
a multifactorial disease, caused by both genetic factors and en-
vironmental exposures including lifestyle and dietary risk factors

(1, 3–5). Cross-sectional studies have documented a high preva-
lence of metabolic syndrome and associated factors such as
obesity, dyslipidemia, or impaired glucose metabolism in patients
with RA (6). The incidence of type 2 diabetes (T2D) and car-
diovascular disease (CVD) is greater among patients with RA (7,
8), suggesting that the etiology of RA may have some overlap
with the development of these chronic inflammatory conditions.
Although many dietary risk factors have been identified for T2D
and CVD, whether these dietary factors are also related to RA
remains unclear (5, 9–11). Sugar-sweetened sodas are the primary
source of added sugar in the American diet, which may contribute
to the development of T2D and CVD by inducing obesity, insulin
resistance, and inflammation (12), all of which are also in the
etiologic pathway of RA. Therefore, we examined the association
between sugar-sweetened soda consumption and risk of RA.

To our knowledge, no previous study has explored whether
soda consumption is associated with the risk of development of
RA. We therefore investigated the relations between sugar-
sweetened and diet soda with RA risk in 2 well-established large
cohorts of young and middle-aged women, with a series of
lifestyle and dietary factors controlled for.

SUBJECTS AND METHODS

Study population

The Nurses’ Health Study (NHS) was initiated in 1976 and
comprised 121,700 female registered nurses, aged 30–55 y at
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affect the observed association. However, we controlled for
many known RA risk factors that were also plausibly asso-
ciated with soda consumption, which minimized the impact of
residual confounding.

In conclusion, our findings suggest that frequent intake of
sugar-sweetened soda may be associated with increased risk of
later-onset seropositive RA. More epidemiologic studies are re-
quired to confirm the association and to elucidate the potential
biological mechanism.
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Abstract
Aim: Although there have been regional population-based studies on the prevalence of knee osteoarthritis
(KOA) and its risk factors in South Koreans, those studies in common had limited external validity. This study
aims to estimate the national prevalence of KOA and its risk factors using a complex sampling design.

Methods: This was a cross-sectional study including 9512 participants aged ≥ 50 years of The Fifth Korean
National Health and Nutrition Examination Survey, who were selected using two-step stratified clustered equal-
probability systematic sampling. Radiographic KOA (RKOA) was defined as a Kellgren–Lawrence grade of ≥ 2.
Symptoms of KOA were evaluated through a health interview. Obesity was defined as a body mass index
≥ 27.5 kg/m2

. Quality of life was measured by the Korean version of European Quality of Life Questionnaire
(EQ-5D).

Results: The prevalence of RKOA was 21.1% (95% CI: 19.6–22.8%) in men, and 43.8% (42.0–45.6%) in
women. The prevalence of symptomatic RKOA (SRKOA) was 4.4% (3.8–5.2%) and 19.2% (17.9–20.6%) in
men and women, respectively. The EQ-5D index was lower in participants with KOA. When plotted against
mean age and prevalence of obesity, regions with a higher mean age and prevalence of obesity had higher preva-
lence of KOA, which was also observed at the individual level. The prevalence of SRKOA was 36.6% (29.7–
44.1%) in women in Jeju province.

Conclusion: The prevalence of SRKOA in women reached 36.6% in high-risk groups accompanied by low qual-
ity of life. The results suggest that the disease burden of KOA is high in South Korea.

Key words: epidemiology, osteoarthritis.

INTRODUCTION
Osteoarthritis (OA) is a highly prevalent disease in the
elderly, and its influence on individuals and society is
large. The disease burden of OA can be considered in
terms of intangible, direct and indirect cost. Because the
mechanism for increased mortality in patients with OA

remains unresolved, the intangible cost of OA may be
best captured by its influence on quality of life.1 Accord-
ing to the Global Burden of Disease study (GBD) 2010,
OA of the hip and knee combined was the third most
prevalent musculoskeletal disorder, and it was 11th in
the rank of years lived with disability (YLD). Eighty-
three percent of the burden was attributed to knee OA
(KOA)2 and prevalence of KOA was highest in high-
income Asia–Pacific regions of South Korea and Japan.3

Socioeconomic burden is also high; direct cost of OA
comprised 1.7% of the expenses of the French health
insurance program in 2002, which was equivalent to
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The prevalence of KOA was higher in regions with
higher prevalence of obesity, especially in women,
which was also observed at the individual level. The
association showed a trend for a closer association with
SRKOA. Although obesity is a well-established risk fac-
tor for KOA, the association found in this study needs
to be interpreted with caution. KOA is associated with
impairment in mobility, which may lead to low energy
expenditure and obesity. Therefore, temporal bias (re-
verse causation) is a concern and the cross-sectional
design of this study cannot exclude the bias. Assuming
a prospective association between obesity and KOA,
increased mechanical loading on the knee joints from
increased body weight would be an important cause.28

However, there are studies that showed weight-inde-
pendent association between KOA and obesity and
other obesity-related factors such as metabolic abnor-
malities.29 The beneficial effects of weight reduction in
KOA are likely to be mediated through the positive
effect on these factors, and the exact cause of the associ-
ation between KOA and obesity remains to be eluci-
dated in the future. Nevertheless, the association found
in this study is important because no country has suc-
ceeded yet in decreasing the prevalence of obesity30 and
prevalence of obesity is expected to increase in South
Korea, leading to an increase in the disease burden of
KOA. As evidence is emerging that weight reduction
may have disease-modifying effects for KOA,31,32 it is
crucial to know the prevalence of KOA and obesity in
South Korean populations.
Close national population-level surveillance is

required for signals of KOA ‘epidemics’ and this study
provides the steppingstone for this. Eligible participants
were selected systematically, and exposures such as BMI
were calculated using directly measured height and
weight rather than self-report, providing reliable esti-
mates for the prevalence of KOA and obesity. However,
this study also has limitations. First, this study used a
composite measure of Kellgren–Lawrence grade as the
outcome, which is known to be insensitive to changes
in articular cartilage. It is believed that patients with
radiographic changes are in a late stage of the disease.33

Although Kellgren–Lawrence grades of 2 or higher are
defined as RKOA, early radiographic changes of grade 1
are known to be predictors for future development of
radiographic KOA.10 Therefore, studies defining RKOA
as a Kellgren–Lawrence grade ≥ 2 may underestimate
the prevalence of KOA.3 Second, the Inter-rater agree-
ment between readings by radiologists was of modest
quality, and it leaves the potential for overestimation of
prevalence. However, limited inter-rater reliability is

inherent to semi-quantitative Kellgren–Lawrence grad-
ing. Even in well-established prospective cohorts such
as the Osteoarthritis Initiative (OAI) and Cohort Hip
and Cohort Knee (CHECK), inter-rater reliability shows
kappa values of 0.6, which correspond to a high level of
agreement, only when the value is weighted (which is
appropriate given the ordinary nature of the scale)21,34

or when binary agreement between the presence or
absence of KOA was assessed.35 It was reported that
quantitative measurement of minimum joint space
width had more reliable results.36 Lastly, low participa-
tion of men is also a limitation: a male-to-female ratio
of 0.75 in the included participants in contrast to the
ratio of 0.98 (in the all age group) according to the Kor-
ean census of 2010. Although this limitation was
addressed by adjusting weights in post hoc correction, it
may compromise representativeness of the data.
In conclusion, in South Korean people aged 50 years

or older, the prevalences of RKOA and SRKOA were
33.3% and 12.4%, respectively. The prevalence of KOA,
especially symptomatic RKOA in women, was higher in
regions with high prevalence of obesity. Following stud-
ies on projected prevalence and disease burden of KOA
is expected in the future.

REFERENCES
1 Hunter DJ, Schofield D, Callander E (2014) The individ-

ual and socioeconomic impact of osteoarthritis. Nat Rev
Rheumatol 10, 437–41.

2 Vos T, Flaxman AD, Naghavi M et al. (2012) Years lived
with disability (YLDs) for 1160 sequelae of 289 diseases
and injuries 1990–2010: a systematic analysis for the
Global Burden of Disease Study 2010. Lancet 380, 2163–
96.

3 Cross M, Smith E, Hoy D et al. (2014) The global burden
of hip and knee osteoarthritis: estimates from the global
burden of disease 2010 study. Ann Rheum Dis 73, 1323–
30.

4 Le Pen C, Reygrobellet C, Gerentes I (2005) Financial cost
of osteoarthritis in France. The “COART” France study.
Joint Bone Spine 72, 567–70.

5 Gupta S, Hawker GA, Laporte A, Croxford R, Coyte PC
(2005) The economic burden of disabling hip and knee
osteoarthritis (OA) from the perspective of individuals liv-
ing with this condition. Rheumatology (Oxford) 44, 1531–
7.

6 Turkiewicz A, Petersson IF, Bjork J et al. (2014) Current
and future impact of osteoarthritis on health care: a popu-
lation-based study with projections to year 2032.
Osteoarthritis Cartilage 22, 1826–32.

7 Kurtz S, Ong K, Lau E, Mowat F, Halpern M (2007) Projec-
tions of primary and revision hip and knee arthroplasty in

816 International Journal of Rheumatic Diseases 2017; 20: 809–817

S. Lee and S.-J. Kim

RESEARCH
Original Research

Association between Dietary Glycemic Index
and Knee Osteoarthritis: The Korean National
Health and Nutrition Examination Survey
2010-2012
Min Wook So, MD, PhD; Sunggun Lee, MD, PhD; Seong-Ho Kim, MD, PhD

ARTICLE INFORMATION

Article history:
Submitted 27 January 2017
Accepted 4 December 2017

Keywords:
Epidemiology
Glycemic index
Glycemic load
Knee joint
Osteoarthritis

Supplementary materials:
Tables 5 and 6 are available at www.jandonline.org

2212-2672/Copyright ª 2018 by the Academy of
Nutrition and Dietetics.
https://doi.org/10.1016/j.jand.2017.12.001

ABSTRACT
Background Obesity and metabolic abnormalities are important risk factors for knee
osteoarthritis (KOA). Recent epidemiologic studies have found that a high glycemic
index (GI) and glycemic load (GL) diet are associated with a higher risk for metabolic
complications and cardiovascular mortality.
Objective We aimed to examine the association between dietary GI, dietary GL, and
KOA among Korean adults.
Design This was a cross-sectional study that analyzed data obtained from the Korean
National Health and Nutrition Examination Survey 2010-2012.
Participants/setting A total of 9,203 participants (5,275 women) aged !50 years were
included.
Main outcome measures KOA was defined as the presence of radiographic features of
Kellgren-Lawrence grade !2. Chronic knee pain was defined as the presence of knee
pain for more than 30 days during the past 3 months. Dietary information was collected
using a single 24-hour recall method.
Statistical analyses performed The association between the quintiles of dietary GI
and dietary GL and knee conditions was analyzed using a multinomial logistic regres-
sion analysis adjusting for age, physical activity, obesity, hypertension and diabetes,
serum low-density lipoprotein, and total energy intake.
Results Among the women, the association between dietary GI and symptomatic KOA
was: quintile 1: 1.00 (reference); quintile 2: 1.29 (95% CI 0.87 to 1.92); quintile 3: 1.59
(95% CI 1.11 to 2.28); quintile 4: 1.74 (95% CI 1.21 to 2.51); and quintile 5: 1.77 (95% CI
1.20 to 2.60) (P¼0.001). Chronic knee pain without KOA was associated with dietary GI;
however, this association was not linear across quintiles. There was no significant
association between dietary GI and asymptomatic KOA. Among the men, no significant
association was found between dietary GI and any knee conditions. There was no sig-
nificant association between dietary GL and KOA in both men and women.
Conclusions There was a significant positive association between dietary GI and
symptomatic KOA in women.
J Acad Nutr Diet. 2018;-:---.

KNEE OSTEOARTHRITIS (KOA) IS AN ARTICULAR DIS-
order with a high prevalence in elderly people and is
associated with a substantial burden on both in-
dividuals and society.1 KOA is defined according to

classification criteria based on the clinical and radiographic
features of the disease and is currently understood to be a
late/end stage of various pathogenic pathways originating
from different etiologic factors (eg, aging, trauma, and
obesity).2 Among these factors, metabolic abnormalities, for
which therapeutic and preventive interventions are available,
has been a primary research focus. Since the association be-
tween radiographic KOA and each metabolic risk factor was
shown,3 epidemiologic studies have demonstrated associa-
tions between metabolic abnormalities and KOA radiographic

changes,4 KOA symptoms,5,6 impaired physical function,6 and
total knee replacement7; this led to the concept of metabolic
KOA.8

Diet is an important modifiable risk factor for metabolic
complications, and several studies have investigated diet and
nutrition in relation to KOA. Interventional studies have pri-
marily focused on the effect of dietary intervention to restrict
total energy intake and reduce weight; such reports have
demonstrated effects in structural, symptomatic, and func-
tional improvement in KOA.9 Although reducing weight by
restricting macronutrients is achievable, it is difficult to
maintain for many people9 and results in negative effects (eg,
loss of muscle mass).10 Based on the limitations of the
calorie-centered approach to weight loss and the findings of
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ABSTRACT
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complications and cardiovascular mortality.
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KOA among Korean adults.
Design This was a cross-sectional study that analyzed data obtained from the Korean
National Health and Nutrition Examination Survey 2010-2012.
Participants/setting A total of 9,203 participants (5,275 women) aged !50 years were
included.
Main outcome measures KOA was defined as the presence of radiographic features of
Kellgren-Lawrence grade !2. Chronic knee pain was defined as the presence of knee
pain for more than 30 days during the past 3 months. Dietary information was collected
using a single 24-hour recall method.
Statistical analyses performed The association between the quintiles of dietary GI
and dietary GL and knee conditions was analyzed using a multinomial logistic regres-
sion analysis adjusting for age, physical activity, obesity, hypertension and diabetes,
serum low-density lipoprotein, and total energy intake.
Results Among the women, the association between dietary GI and symptomatic KOA
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associated with a substantial burden on both in-
dividuals and society.1 KOA is defined according to

classification criteria based on the clinical and radiographic
features of the disease and is currently understood to be a
late/end stage of various pathogenic pathways originating
from different etiologic factors (eg, aging, trauma, and
obesity).2 Among these factors, metabolic abnormalities, for
which therapeutic and preventive interventions are available,
has been a primary research focus. Since the association be-
tween radiographic KOA and each metabolic risk factor was
shown,3 epidemiologic studies have demonstrated associa-
tions between metabolic abnormalities and KOA radiographic

changes,4 KOA symptoms,5,6 impaired physical function,6 and
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marily focused on the effect of dietary intervention to restrict
total energy intake and reduce weight; such reports have
demonstrated effects in structural, symptomatic, and func-
tional improvement in KOA.9 Although reducing weight by
restricting macronutrients is achievable, it is difficult to
maintain for many people9 and results in negative effects (eg,
loss of muscle mass).10 Based on the limitations of the
calorie-centered approach to weight loss and the findings of
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cartilage remodeling and synovial inflammation.46 Higher
circulating free fatty acids is a late (approximately 4 to 6
hours after a meal) postprandial response to a high-GI diet. A
recent study showed that palmitate, a saturated free fatty
acid, induced chondrocyte apoptosis and articular cartilage
degradation synergistically with interleukin-1b.47 Epidemio-
logic studies showed that n-6 polyunsaturated fatty acid,
which has a proinflammatory effect, was associated with
bone marrow edema48 and synovitis49 of the knee via an
MRI; n-3 polyunsaturated fatty acid, which exhibited a
reciprocal anti-inflammatory effect, was associated with
reduced patellofemoral cartilage loss.49 Therefore, depending
on the balance between pro- and anti-inflammatory fatty
acids, a high late postprandial fatty acid level may have
negative effects on the joint. Proinflammatory cytokines play
an important role in the pathogenesis of KOA. It was shown
that a high-GI diet associated with high carbohydrate intake
in puberty leads to elevated levels of interleukin-6 in adult-
hood.50 Moreover, interleukin-6 is a known risk factor for the
development of radiographic KOA,51 medial and lateral
tibiofemoral cartilage volume loss,52 and knee pain.53 In
addition, adipokines are implicated in the pathogenesis of
KOA, of which leptin is the most frequently studied. High-
quality epidemiologic studies have demonstrated cross-
sectional and longitudinal inverse associations between
serum leptin and cartilage volume54 and thickness55

measured by MRI. Both studies demonstrated that the asso-
ciation between measures of adiposity (eg, BMI and fat mass)
and KOA was dependent on serum leptin, suggesting that
leptin plays an important role in KOA pathogenesis. There is
limited evidence that a high-GI diet leads to high serum
leptin levels. One study involving overweight and obese
women undergoing in vitro fertilization for infertility
demonstrated that a hypocaloric low-GI diet resulted in a
significant decrease in the levels of serum leptin and a higher
possibility of pregnancy success.56

There have also been several studies on the relationship
between metabolism-induced inflammation and knee pain,
providing an explanation for the association between a
high-GI diet and symptomatic KOA. Cross-sectional studies
in South Korean National population found a weight-
independent association between the components of
metabolic syndrome and chronic knee pain.57 Moreover,
metabolic-triggered adipokines58 and cytokines53 are
thought to play a role in KOA-related pain in association
with metabolic abnormalities; however, the precise mech-
anism of pain in patients with KOA remains elusive and is
believed to involve various mechanisms, including neuro/
psychological factors.
The strengths of this study include the systematically

selected sample representative of the national population of
South Korea and that it is the first to report a cross-sectional
association between high dietary GI and symptomatic KOA.
However, this study has several limitations. First, given the
cross-sectional design of this study, it is possible that the
observed association may be in either direction regarding
actual causality. Palatable sweetness has been shown to
reduce pain,59 although a small study in overweight or
obese KOA patients failed to show an association between
pain and carbohydrate intake.26 Of particular concern is that
there was no association found between dietary GI and the
asymptomatic KOA group in this study; however, the

asymptomatic KOA group represents participants with
radiographic features of KOA that are lower in Kellgren-
Lawrence grade compared to the symptomatic KOA group.
Therefore, the lack of an association between dietary GI and
asymptomatic KOA does not imply a lack of a relationship
between dietary GI and the radiographic features of KOA.
This association would be better addressed in studies in
which a more sensitive anatomical evaluation of the knee
joint is performed (eg, MRI). Second, this study used dietary
data derived from one 24-hour recall, and statistical
methods based on multiple recalls to adjust for day-to-day
variation in diet intake could not be used.60 Within-person
random error reduces statistical power and can cause both
overestimation of tail probabilities and attenuation of re-
lationships. Therefore, it remains possible that an increase in
measurement error may have influenced the results. Third,
this study used predicted GI values for mixed meals.
Although weighting GI of each food in a mixed meal is a
commonly used method to measure dietary GI in epidemi-
ologic studies, it has limitations; it was reported that post-
prandial glycemic and insulinemic response to a meal was
influenced by protein and fat content in the meal,61,62 and
predicted GI values tended to be higher than measured GI
values for mixed meals.63 Therefore, bias from misclassifi-
cation might have influenced the results of this study,
and the results of this study should be interpreted with
caution in this regard. Fourth, the inter-rater agreement
between readings by radiologists was of modest quality.
However, limited inter-rater reliability is inherent to semi-
quantitative grading of Kellgren-Lawrence. Even in well-
established prospective cohorts such as the Osteoarthritis
Initiative and Cohort Hip and Cohort Knee, inter-rater reli-
ability shows kappa values of 0.6 to 0.8 that correspond to
high level of agreement only when the value is weighted
(which is appropriate given the ordinary nature of the
scale)64,65 or when binary agreement between the presence
or absence of KOA was assessed.66 Therefore, although the
reliability of the readings of radiographic images in this
study was comparable to high-quality epidemiologic
studies, readers should keep in mind this limitation of
Kellgren-Lawrence grading in KOA. The last limitation is in
regard to the external validity of this study’s results. The
proportion of energy from carbohydrate was much higher in
this study (both sexes, 70.8%; men, 66.5%; women, 74.4%)
than in the US population (both sexes, 48.5%; men, 47.4%;
women, 49.6%).67 The relationship between dietary GI and
KOA may differ depending on the carbohydrate energy
density in the diet, and it remains to be seen whether any
associations are found in populations with a lower propor-
tion of energy from carbohydrate.

CONCLUSIONS
A positive association was found between dietary GI and
symptomatic KOA in women. This study provides the foun-
dation for clinical research that addresses the causality of the
relationship and the effects of dietary modification on KOA,
as well as the associated comorbidities.

References
1. Lee S, Kim SJ. Prevalence of knee osteoarthritis, risk factors, and

quality of life: The Fifth Korean National Health and Nutrition Ex-
amination Survey. Int J Rheum Dis. 2017;20(7):809-817.

RESEARCH

12 JOURNAL OF THE ACADEMY OF NUTRITION AND DIETETICS -- 2018 Volume - Number -



11/03/18

5

Vol.:(0123456789)1 3

European Journal of Nutrition 
https://doi.org/10.1007/s00394-017-1589-6

ORIGINAL CONTRIBUTION

The relationship between the dietary inflammatory index 
and prevalence of radiographic symptomatic osteoarthritis: data 
from the Osteoarthritis Initiative

Nicola Veronese1,2 · Nitin Shivappa3,4,5 · Brendon Stubbs6,7,8 · Toby Smith9 · James R. Hébert3,4,5 · 
Cyrus Cooper10,11,12 · Giuseppe Guglielmi13,14 · Jean-Yves Reginster15 · Renè Rizzoli16 · Stefania Maggi1

Received: 7 June 2017 / Accepted: 22 November 2017 
© Springer-Verlag GmbH Germany, part of Springer Nature 2017

Abstract
Purpose To investigate whether higher dietary inflammatory index  (DII®) scores were associated with higher prevalence of 
radiographic symptomatic knee osteoarthritis in a large cohort of North American people from the Osteoarthritis Initiative 
database.
Methods A total of 4358 community-dwelling participants (2527 females; mean age 61.2 years) from the Osteoarthritis 
Initiative were identified.  DII® scores were calculated using the validated Block Brief 2000 Food-Frequency Questionnaire 
and scores were categorized into quartiles. Knee radiographic symptomatic osteoarthritis was diagnosed clinically and 
radiologically. The strength of association between divided into quartiles  (DII®) and knee osteoarthritis was investigated 
through a logistic regression analysis, which adjusted for potential confounders, and results were reported as odds ratios 
(ORs) with 95% confidence intervals (CIs).
Results Participants with a higher  DII® score, indicating a more pro-inflammatory diet, had a significantly higher prevalence 
of radiographic symptomatic knee osteoarthritis compared to those with lower  DII® score (quartile 4: 35.4% vs. quartile 1: 
24.0%; p < 0.0001). Using a logistic regression analysis, adjusting for 11 potential confounders, participants with the highest 
 DII® score (quartile 4) had a significantly higher probability of experiencing radiographic symptomatic knee osteoarthritis 
(OR 1.40; 95% CI 1.14–1.72; p = 0.002) compared to participants with the lowest  DII® score (quartile 1).
Conclusions Higher  DII® values are associated with higher prevalence of radiographic symptomatic knee osteoarthritis.
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Introduction

Chronic inflammation is associated with an increased risk 
of developing several age-related diseases though a process 
commonly termed “inflammaging” [1, 2]. Higher levels of 
inflammatory markers have been associated with negative 
clinical outcomes among older people including reduced 
physical performance [3, 4], cardiovascular disease [5], and 
fractures [6]. Knee osteoarthritis (OA) is a musculoskeletal 
disease highly prevalent in older people. The prevalence 

of knee OA linearly increases with age, with a worldwide 
prevalence estimated to be 10% in men and 20% in women 
over the age of 60 years [7]. Osteoarthritis of the knee has 
been associated with reduced quality of life and increased 
mortality in this population [8]. It is the 11th highest con-
tributor to global disability [9].

Inflammation has been reported to play an important role 
in the development and progression of knee OA [10]. This 
has been acknowledged through a number of features. For 
example, synovitis (defined as inflammation of the synovial 
membrane) is an early and common finding in individuals 
with knee OA [10]. Epidemiologic studies have showed that 
serum levels of C-reactive protein (CRP) are significantly 
associated with a higher incidence and progression of knee 
OA [11]. Other studies have confirmed a positive associa-
tion between serum levels of CRP and histologic evidence 
of synovitis pre-joint replacement [12]. These observations 
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Chronic inflammation is associated with an increased risk 
of developing several age-related diseases though a process 
commonly termed “inflammaging” [1, 2]. Higher levels of 
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clinical outcomes among older people including reduced 
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has been acknowledged through a number of features. For 
example, synovitis (defined as inflammation of the synovial 
membrane) is an early and common finding in individuals 
with knee OA [10]. Epidemiologic studies have showed that 
serum levels of C-reactive protein (CRP) are significantly 
associated with a higher incidence and progression of knee 
OA [11]. Other studies have confirmed a positive associa-
tion between serum levels of CRP and histologic evidence 
of synovitis pre-joint replacement [12]. These observations 
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supplementation (for example) on knee OA symptoms 
[38]. The appropriate dietary strategy for people affected 
by knee OA is, therefore, a research priority, particularly 
because current therapeutic strategies to address symp-
toms are largely insufficient, and joint replacement is often 
not possible or may be undesirable [37]. Trials are, there-
fore, warranted to investigate whether supplementation or 
replacement with anti-inflammatory diets has an influence 
on the onset or progression of knee OA.

The findings from our research should be considered 
in light of four limitations. The principal limitation is the 
cross-sectional nature of our research. This precludes any 
consideration of a potential causal relationship between 
 DII® and knee OA. Thus, residual confounding is likely. 
Second, the comorbid medical conditions assessed in this 
study were self-reported, which would have introduced 
recall bias. Third, only 24 food parameters were avail-
able for  DII® calculation, while an ideal  DII® calculation 
requires 45 food parameters. However, it has been shown 
that the predictive ability of  DII® is relatively preserved in 
calculations using < 30 parameters [22]. Finally, the find-
ings deriving from the OAI are not fully generalizable to 
other populations, since this database includes only peo-
ple having or at high risk of knee OA. However, while 
acknowledging these limitations, among the strengths of 
this study is the large sample size and the fact that this is 
the first epidemiological study reporting data on the asso-
ciation between  DII® and knee OA.

In conclusion, results from our work show that higher 
dietary inflammatory index values are associated with a 
higher prevalence of radiographic symptomatic knee OA, 
even after considering several important confounders. Our 
findings suggest an important role of inflammation and 
unhealthy diet in the pathogenesis of knee OA. However, 
further longitudinal research from cohorts derived from 
other countries and dietary patterns is required to re-
examine our findings before trials are justified to examine 
whether changing dietary habits to lower pro-inflammatory 
foods reduces the development or progression of knee OA.
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participants were scheduled for an in-clinic appointment. At the first
visit, previously completed questionnaires were obtained, anthropomet-
ric measurements were assessed, and a fasting blood sample was drawn.
Follow-up appointments were scheduled every 3 mo for 1 y for a total of
5 appointments. There was a 6-wk window on both sides of each
participant’s quarterly appointment during which blood samples were
obtained.

Considerable information was collected on each participant.
Questionnaire-derived data included: demographics, psychosocial
measures, social desirability and approval measures, seasonal patterns
in mood and behavior, dietary information, and stress measures.
Anthropometric measurements included: height, weight, waist circum-
ference, hip circumference, and blood pressure. Serum hs-CRP was
analyzed in the laboratory of Dr. Nader Rifai at Children’s Hospital,
Harvard Medical School, Boston, MA. Inter-assay and intra-assay CV
for hs-CRP were in compliance with the U.S. CDC accepted ranges.
The methodology was described previously (31). The Institutional
Review Boards of the Fallon Healthcare System and the University of
Massachusetts Medical School approved all participant recruitment
and data collection procedures. Each participant signed an approved
informed consent form before entering the study.

Dietary and physical activity assessment method. In SEASONS,
food and constituent intake data for each participant were obtained from
the 24-h dietary recall interviews (24HR). Three randomly selected
24HR were collected at each quarter (including 2 weekdays and
1 weekend day) using the Nutrition Data System (NDS; DOS version
2.6, NDS 2.9) software. Information for all foods and constituents used
in the Inflammatory Index was collected using this method except for
flavonoid intake. The version of NDS that we used did not calculate
intake of different flavonoids. Intakes of specific flavonoids were
estimated from other sources, including the USDA’s Database for the
Flavonoid Content of Selected Foods (52) and the Iowa State University
database on the isoflavone content of foods (53). Foods in these
databases containing .5 mg/100 g of a specific flavonoid were included
in the calculations for that specific flavonoid. The determination of foods
containing the isoflavones genistein and daidzein was carried out
similarly. To estimate flavonoid intake, content across selected foods
was summed to determine overall intake per day. Flavonoids estimated
using these methods were quercetin, epicatechin, cyanidin, luteolin,

daidzein, and genistein. Physical activity data also were collected on the
same sampling schedule during time allotted for the 24HR interviews
according to methods we had developed and validated earlier (54,55).

Statistical analysis. Summary statistics were used to describe the study
population at baseline. Comparisons of baseline characteristics by
gender were made using x2 tests for categorical variables and 2-sample t
tests for continuous variables. Statistical analyses were performed using
linear mixed models (Proc MIXED in SAS) utilizing data from the
Inflammatory Index, hs-CRP, and other time-varying covariates from
each time point of study assessment. We used a compound symmetry
covariance structure to account for the dependence of observations made
on the same participants. The primary outcome variable for this analysis
was the natural log of hs-CRP. Values of hs-CRP .10 mg/L were
discarded, because this may be a result of acute inflammation (2). The
primary independent variable was the interval-specific score obtained

FIGURE 1 Example of how weighting was carried out for each
food and constituent in the development of the Inflammatory Index.
Saturated fat had a total of 15 articles, which resulted in 88 weighted.
In step 1, articles were multiplied by assigned weights (Table 1). The
total antiinflammatory and proinflammatory weight was divided by the
total weight for saturated fat. In step 2, the proinflammatory fraction
was subtracted from the antiinflammatory fraction.

TABLE 2 Foods and constituents included in the Inflammatory
Index

Constituent Adjusted score Measure

Energy 20.0549 kJ/d
Energy* 20.23 kcal/d
Garlic 0.27 g/d
Ginger 0.18 g/d
Saffron 0.18 g/d
Turmeric 0.774 g/d
Tea 0.552 g/d
Caffeine 0.035 g/d
Wine 0.48 g/d
Beer 0.2 g/d
Liquor 0.1 g/d
Alcohol 0.534 g/d
Carbohydrate 20.346 g/d
Fiber 0.52 g/d
Fat 20.323 g/d
(n-3) Fatty acids 0.384 g/d x 10
(n-6) Fatty acids 20.016 g/d x 10
MUFA 20.05 g/d
Saturated fat 20.25 g/d
Protein 0.05 g/d
Cholesterol 20.21 mg/d
Vitamin A 0.58 mg/d 4100
Thiamin 0.05 mg/d
Riboflavin 0.16 mg/d
Niacin 0.26 mg/d
Vitamin B-6 0.286 mg/d
Folic Acid 0.214 mg/d
Vitamin B-12 20.09 mg/d
Vitamin C 0.367 mg/d
Vitamin D 0.342 mg/d
Vitamin E 0.401 mg/d
b-carotene 0.725 mg/d 4 100
Magnesium 0.905 mg/d
Zinc 0.316 mg/d
Iron 0.029 mg/d
Selenium 0.021 mg/d
Quercetin 0.49 mg/d
Luteolin 0.43 mg/d
Genistein 0.68 mg/d
Daidzein 0.17 mg/d
Cyanidin 0.13 mg/d
Epicatechin 0.12 mg/d

* The score was computed based on metric units (i.e., kcal/d).
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Abstract

Inflammation is associated with a number of chronic conditions, such as cancer and cardiovascular disease. Reducing

inflammation may help prevent or treat these conditions. Diet has consistently been shown to modulate inflammation. To

facilitate research into the inflammatory effect of diet on health in humans, we sought to develop and validate an

Inflammatory Index designed to assess the inflammatory potential of individuals’ diets. An Inflammatory Index was

developed based on the results of an extensive literature search. Using data from a longitudinal observational study that

carefully measured diet and the inflammatory marker, serum high-sensitivity (hs) C-reactive protein (CRP), in ~600 adults

for 1 y, we conducted analyses to test the effect of Inflammatory Index score on hs-CRP as a continuous and dichotomous

(#3 mg/L, .3 mg/L) indicator of inflammatory response, while controlling for important potential confounders. Results

based on continuous measures of hs-CRP suggested that an increasing Inflammatory Index score (representing

movement toward an antiinflammatory diet) was associated with a decrease in hs-CRP. Analyses using hs-CRP as a

dichotomous variable showed that an antiinflammatory diet was associated with a decrease in the odds of an elevated hs-

CRP (P = 0.049). The results are consistent with the ability of the Inflammatory Index to predict hs-CRP and provide

additional evidence that diet plays a role in the regulation of inflammation, even after careful control of a wide variety of

potential confounders. J. Nutr. 139: 2365–2372, 2009.

Introduction

Inflammation has been associated with many chronic condi-
tions, such as cancer, cardiovascular disease, obesity, and insulin
resistance (1–4). There also is evidence that chronic inflamma-
tion may be associated with depression and may predispose
individuals to dementia (5). Inflammation due to a response to
injury, e.g. from cigarette smoking or hypertension, is involved
in the steps of atherosclerosis that lead to plaque rupture and
thrombosis (2,6). The inflammatory microenvironment includes

production of cytokines and chemokines that also can lead to
tumor initiation, growth, and invasion (7).

The acute-phase protein C-reactive protein (CRP)8 is pro-
duced in response to stimulation by interleukins (IL), such as
IL-6 (8). Although used as a marker of inflammation in such
conditions as rheumatoid arthritis for many decades, the more
recent development of a high-sensitivity (hs)-CRP assay permit-
ted the detection of inflammation at the vascular level (9). Many
studies have shown CRP is associated with a number of
cardiovascular disease endpoints (10). In addition, CRP and
inflammatory cytokines, such as IL-6 and tumor necrosis factor-
a (TNF a), are increased among obese individuals and positively
correlated with BMI [weight (kg)/height (m)2] (3,4). Studies also
have found that higher levels of IL-6 among obese individuals
are associated with insulin resistance (3). Ridker et al. (11) found
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4Cancer Prevention and Control Program, and 5Department of Epidemiology and Biostatistics, Arnold School of Public Health, Uni-
versity of South Carolina, Columbia, SC 29208; 6Division of Preventive and Behavioral Medicine, and 7Division of Cardiovascular
Medicine, Department of Medicine, University of Massachusetts Medical School, Worcester, MA 01655

Abstract

Inflammation is associated with a number of chronic conditions, such as cancer and cardiovascular disease. Reducing

inflammation may help prevent or treat these conditions. Diet has consistently been shown to modulate inflammation. To

facilitate research into the inflammatory effect of diet on health in humans, we sought to develop and validate an

Inflammatory Index designed to assess the inflammatory potential of individuals’ diets. An Inflammatory Index was

developed based on the results of an extensive literature search. Using data from a longitudinal observational study that

carefully measured diet and the inflammatory marker, serum high-sensitivity (hs) C-reactive protein (CRP), in ~600 adults

for 1 y, we conducted analyses to test the effect of Inflammatory Index score on hs-CRP as a continuous and dichotomous

(#3 mg/L, .3 mg/L) indicator of inflammatory response, while controlling for important potential confounders. Results

based on continuous measures of hs-CRP suggested that an increasing Inflammatory Index score (representing

movement toward an antiinflammatory diet) was associated with a decrease in hs-CRP. Analyses using hs-CRP as a

dichotomous variable showed that an antiinflammatory diet was associated with a decrease in the odds of an elevated hs-

CRP (P = 0.049). The results are consistent with the ability of the Inflammatory Index to predict hs-CRP and provide

additional evidence that diet plays a role in the regulation of inflammation, even after careful control of a wide variety of

potential confounders. J. Nutr. 139: 2365–2372, 2009.

Introduction

Inflammation has been associated with many chronic condi-
tions, such as cancer, cardiovascular disease, obesity, and insulin
resistance (1–4). There also is evidence that chronic inflamma-
tion may be associated with depression and may predispose
individuals to dementia (5). Inflammation due to a response to
injury, e.g. from cigarette smoking or hypertension, is involved
in the steps of atherosclerosis that lead to plaque rupture and
thrombosis (2,6). The inflammatory microenvironment includes

production of cytokines and chemokines that also can lead to
tumor initiation, growth, and invasion (7).

The acute-phase protein C-reactive protein (CRP)8 is pro-
duced in response to stimulation by interleukins (IL), such as
IL-6 (8). Although used as a marker of inflammation in such
conditions as rheumatoid arthritis for many decades, the more
recent development of a high-sensitivity (hs)-CRP assay permit-
ted the detection of inflammation at the vascular level (9). Many
studies have shown CRP is associated with a number of
cardiovascular disease endpoints (10). In addition, CRP and
inflammatory cytokines, such as IL-6 and tumor necrosis factor-
a (TNF a), are increased among obese individuals and positively
correlated with BMI [weight (kg)/height (m)2] (3,4). Studies also
have found that higher levels of IL-6 among obese individuals
are associated with insulin resistance (3). Ridker et al. (11) found
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participants were scheduled for an in-clinic appointment. At the first
visit, previously completed questionnaires were obtained, anthropomet-
ric measurements were assessed, and a fasting blood sample was drawn.
Follow-up appointments were scheduled every 3 mo for 1 y for a total of
5 appointments. There was a 6-wk window on both sides of each
participant’s quarterly appointment during which blood samples were
obtained.

Considerable information was collected on each participant.
Questionnaire-derived data included: demographics, psychosocial
measures, social desirability and approval measures, seasonal patterns
in mood and behavior, dietary information, and stress measures.
Anthropometric measurements included: height, weight, waist circum-
ference, hip circumference, and blood pressure. Serum hs-CRP was
analyzed in the laboratory of Dr. Nader Rifai at Children’s Hospital,
Harvard Medical School, Boston, MA. Inter-assay and intra-assay CV
for hs-CRP were in compliance with the U.S. CDC accepted ranges.
The methodology was described previously (31). The Institutional
Review Boards of the Fallon Healthcare System and the University of
Massachusetts Medical School approved all participant recruitment
and data collection procedures. Each participant signed an approved
informed consent form before entering the study.

Dietary and physical activity assessment method. In SEASONS,
food and constituent intake data for each participant were obtained from
the 24-h dietary recall interviews (24HR). Three randomly selected
24HR were collected at each quarter (including 2 weekdays and
1 weekend day) using the Nutrition Data System (NDS; DOS version
2.6, NDS 2.9) software. Information for all foods and constituents used
in the Inflammatory Index was collected using this method except for
flavonoid intake. The version of NDS that we used did not calculate
intake of different flavonoids. Intakes of specific flavonoids were
estimated from other sources, including the USDA’s Database for the
Flavonoid Content of Selected Foods (52) and the Iowa State University
database on the isoflavone content of foods (53). Foods in these
databases containing .5 mg/100 g of a specific flavonoid were included
in the calculations for that specific flavonoid. The determination of foods
containing the isoflavones genistein and daidzein was carried out
similarly. To estimate flavonoid intake, content across selected foods
was summed to determine overall intake per day. Flavonoids estimated
using these methods were quercetin, epicatechin, cyanidin, luteolin,

daidzein, and genistein. Physical activity data also were collected on the
same sampling schedule during time allotted for the 24HR interviews
according to methods we had developed and validated earlier (54,55).

Statistical analysis. Summary statistics were used to describe the study
population at baseline. Comparisons of baseline characteristics by
gender were made using x2 tests for categorical variables and 2-sample t
tests for continuous variables. Statistical analyses were performed using
linear mixed models (Proc MIXED in SAS) utilizing data from the
Inflammatory Index, hs-CRP, and other time-varying covariates from
each time point of study assessment. We used a compound symmetry
covariance structure to account for the dependence of observations made
on the same participants. The primary outcome variable for this analysis
was the natural log of hs-CRP. Values of hs-CRP .10 mg/L were
discarded, because this may be a result of acute inflammation (2). The
primary independent variable was the interval-specific score obtained

FIGURE 1 Example of how weighting was carried out for each
food and constituent in the development of the Inflammatory Index.
Saturated fat had a total of 15 articles, which resulted in 88 weighted.
In step 1, articles were multiplied by assigned weights (Table 1). The
total antiinflammatory and proinflammatory weight was divided by the
total weight for saturated fat. In step 2, the proinflammatory fraction
was subtracted from the antiinflammatory fraction.

TABLE 2 Foods and constituents included in the Inflammatory
Index

Constituent Adjusted score Measure

Energy 20.0549 kJ/d
Energy* 20.23 kcal/d
Garlic 0.27 g/d
Ginger 0.18 g/d
Saffron 0.18 g/d
Turmeric 0.774 g/d
Tea 0.552 g/d
Caffeine 0.035 g/d
Wine 0.48 g/d
Beer 0.2 g/d
Liquor 0.1 g/d
Alcohol 0.534 g/d
Carbohydrate 20.346 g/d
Fiber 0.52 g/d
Fat 20.323 g/d
(n-3) Fatty acids 0.384 g/d x 10
(n-6) Fatty acids 20.016 g/d x 10
MUFA 20.05 g/d
Saturated fat 20.25 g/d
Protein 0.05 g/d
Cholesterol 20.21 mg/d
Vitamin A 0.58 mg/d 4100
Thiamin 0.05 mg/d
Riboflavin 0.16 mg/d
Niacin 0.26 mg/d
Vitamin B-6 0.286 mg/d
Folic Acid 0.214 mg/d
Vitamin B-12 20.09 mg/d
Vitamin C 0.367 mg/d
Vitamin D 0.342 mg/d
Vitamin E 0.401 mg/d
b-carotene 0.725 mg/d 4 100
Magnesium 0.905 mg/d
Zinc 0.316 mg/d
Iron 0.029 mg/d
Selenium 0.021 mg/d
Quercetin 0.49 mg/d
Luteolin 0.43 mg/d
Genistein 0.68 mg/d
Daidzein 0.17 mg/d
Cyanidin 0.13 mg/d
Epicatechin 0.12 mg/d

* The score was computed based on metric units (i.e., kcal/d).

A new dietary inflammatory index predicts serum hs-CRP 2367
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O presente relatório descreve a Saúde das portuguesas e portugueses independentemente da influência 
conjuntural da crise social e económica que se agravou no contexto do Programa de Ajustamento que 
terminou em 2014, pelo que as questões associadas direta ou indiretamente ao Sistema de Saúde, incluindo 
recursos humanos e orçamentais, não serão alvo de análise.

Trata-se de um relatório que será atualizado regularmente de forma a refletir a evolução dos indicadores de 
progresso do Plano Nacional de Saúde (PNS) 2020.

O primeiro capítulo explicita, no plano quantitativo e qualitativo, os principais determinantes da Saúde, o perfil 
de morbilidade e as causas de mortalidade geral. É dado, igualmente, destaque à mortalidade prematura.  
A segunda parte descreve os problemas de Saúde desde a conceção e gravidez até ao final da vida. 

As conclusões apontam para a evolução positiva na generalidade dos indicadores de Saúde, aliás, demonstrada 
pelas tendências progressivas de cada vez maior esperança de viver à nascença, aos 45, aos 65 e aos 75 anos, 
acompanhadas por um aumento do número de anos de vida saudável. Na verdade, em 10 anos, a esperança 
de vida ao nascer registou um acréscimo de dois anos, tendo diminuído a diferença entre os sexos feminino 
e masculino. 

No mesmo sentido, há uma clara melhoria no que se refere à evitabilidade da morte antes dos 70 anos de 
idade, com consequente redução dos anos de vida potencialmente perdidos. Salientando-se: ganhos de anos 
de vida nos tumores malignos em 2013, relativamente a 2008. Observaram-se, ainda, padrões sustentados de 
ganhos de 2009 a 2013 (redução de anos de vida perdidos) em diversas causas, nomeadamente: nas causas 
externas de lesão e envenenamento, doenças do aparelho respiratório, doenças do aparelho digestivo, 
doenças infecciosas e parasitárias e, entre 2010 e 2013, nas doenças do aparelho respiratório.

No que se refere aos fatores de risco que mais contribuem para o total de anos de vida saudável perdidos 
pela população portuguesa, são relevantes os hábitos alimentares inadequados (19%), a hipertensão arterial 
(17%), o índice de massa corporal elevado (13%) e o tabagismo (11%).

Comprovadamente, a alimentação influencia o estado de Saúde. Em termos de riscos, os alimentos com 
excesso de calorias e em particular com altos teores de sal, de açúcar e de gorduras trans (processadas  
a nível industrial) constituem o principal problema. Contribuem para os hábitos alimentares inadequados  
a insuficiente ingestão de fruta, de hortícolas, de frutos secos e sementes, bem como o excesso de consumo 
de sal e carne processada. Comer menos do que três peças de fruta por dia constitui o risco alimentar 
evitável que mais contribui para a perda de anos de vida saudável, estimando-se em 141 mil os anos de vida 
potencialmente perdidos pela população portuguesa em 2010. Calcula-se ainda que a ingestão diária de sal 
seja, em Portugal, praticamente o dobro da recomendação da OMS (<5 g/dia).

A promoção do exercício físico ao longo de todo o ciclo de vida é absolutamente prioritária e insubstituível 
como fator protetor da Saúde. É bem sabido que o sedentarismo e o excesso de ingestão de calorias explicam 
os índices altos de prevalência do excesso de peso, incluindo a obesidade.

O consumo de tabaco é causa ou fator de agravamento das doenças não transmissíveis mais prevalentes,  
em particular do cancro, das doenças respiratórias, das doenças cérebro e cardiovasculares e da diabetes. 

Apresenta, ainda, muitos outros efeitos nocivos, nomeadamente a nível da saúde sexual e reprodutiva, 
diminuindo a fertilidade e aumentando a mortalidade fetal e perinatal. As pessoas fumadoras apresentam um 
risco de morrer duas a três vezes superior ao observado em não fumadores. Em média, vivem menos dez anos.

Os danos provocados pelo consumo de álcool são também uma preocupação relevante ao nível da Saúde 
Pública. O uso nocivo do álcool determina o aparecimento e manutenção de várias doenças como neoplasias, 
doenças cérebro e cardiovasculares, doenças hepáticas, infeção pelo VIH, tuberculose, pneumonia e depressão.

Em suma, comportamentos e estilos de vida influenciam, de forma comprovada, a Saúde individual e coletiva, 
uma vez que constituem denominador comum a praticamente todas as doenças crónicas não transmissíveis. 
No que respeita às coberturas vacinais, as mesmas continuam com níveis elevados e adequados para 
conferirem imunidade de grupo. Realça-se a consolidação da eliminação de doenças como sarampo, rubéola, 
poliomielite aguda e difteria, assim como ganhos nas múltiplas dimensões relacionadas com a Saúde da mãe 
e da criança.

20A Saúde dos Portugueses. 
Perspetiva 2015

Comprovadamente, a alimentação influencia o estado de Saúde. Em termos de riscos, os alimentos com 
excesso de calorias e em particular com altos teores de sal, de açúcar e de gorduras trans (processadas a nível 
industrial) constituem o principal problema.

No estudo citado os hábitos alimentares inadequados incluem 14 diferentes componentes, tais como: 
insuficiente ingestão de fruta, de vegetais, de frutos secos e sementes, bem como excesso de consumo de sal 
e carne processada (figura 11).

Em Portugal o consumo diário de alimentos com teores excessivos de sal constitui um dos principais problemas 
de Saúde Pública. Trabalhos recentes estimam que a ingestão diária de sal (10,7 gramas) é praticamente o 
dobro da recomendação da OMS, que é inferior a 5 gramas [11].

Para Portugal estimou-se que o baixo consumo de fruta (definido como comer menos do que três peças de 
fruta por dia) constitui o risco alimentar evitável que mais contribui para a perda de anos de vida saudável: 
estimam-se em 141 mil os anos de vida potencialmente perdidos pela população portuguesa em 2010, devido 
a morbilidade ou mortalidade prematura por doenças do aparelho cardiovascular e por doenças oncológicas, 
em proporções de 83% e 17%, respetivamente [10].

4.1. Hábitos alimentares

Fonte: Elaborado pela DGS com base nos dados de Global Burden of Disease Study 2010. Dados para Portugal disponíveis 
em: http://ghdx.healthdata.org/record/portugal-global-burden-disease-study-2010-gbd-2010-results-1990-2010 (acedido 
em 06/04/2015)

Figura 11. Estimativas da carga global de doença atribuível a hábitos alimentares inadequados, expressa em 
DALY, Portugal, 2010 
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ANEXO 4. AVALIAÇÃO ANTROPOMÉTRICA 
 
 

Tabela 4.1 Prevalências de categorias de índice de massa corporal a, para o total nacional, por sexo e grupo etário (IAN-AF 2015-2016), 

ponderadas para a distribuição da população Portuguesa. 

 

   
Nacional Feminino Masculino 

Crianças 
(<10 anos) 

Adolescentes 
(10-17 anos) 

Adultos 
(18-64 anos) 

Idosos 
 (65-84 anos) 

Obesidade         

n ponderado 2.244.500 1.232.890 1.011.610 59.282 74.406 1.488.445 622.367 

prevalência ponderada 22,3% 24,3% 20,1% 7,7% 8,7% 21,6% 39,2% 

IC 95% [20,5-24,0] [21,9-26,7] [17,5-22,7] [4,6-10,9] [5,5-12] [19,5-23,8] [34,2-44,2] 

Pré-obesidade 

n ponderado 3.506.169 1.553.537 1.952.632 132.074 200.559 2.509.942 663.594 

prevalência ponderada 34,8% 30,7% 38,9% 17,3% 23,6% 36,5% 41,8% 

IC 95% [32,9-36,7] [28,1-33,2] [36-41,7] [13,7-20,8] [19,6-27,5] [34,2-38,8] [36,5-47] 

Eutrofia/Magreza 

n ponderado 4.334.756 2.277.584 2.057.173 573.687 576.374 2.882.384 302.312 

prevalência ponderada 43,0% 45,0% 41,0% 75,0% 67,7% 41,9% 19,0% 

IC 95% [40,7-45,2] [42,0-48,0] [37,9-44,1] [70,8-79,1] [63,3-72,1] [39,2-44,5] [14,1-24] 

valor-p*  p=0,024 p<0,001 
 

a Peso e estatura medidos e categorizados de acordo com o critério da Organização Mundial de Saúde. 
* Valor-p comparativo das prevalências de obesidade vs. as restantes categorias. 

IC: intervalo de confiança a 95% 
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Tabela A2.9 - Percentagem de indivíduos que não atingem ou excedem os valores diários de referência por grupo etário 

 

 

 

 

 

 

 

 

 

 

 

 

 

(a) VDR - Valor diário de referência, preconizado pela Autoridade Europeia de Segurança dos Alimentos. EFSA Journal 2010; 8: 1458 
(b) AI - Adequate Intake 
(c) Contributo dos alimentos dos grupos Doces, Refrigerantes (não incluindo néctares), Bolos (incluindo pastelaria), Bolachas e Biscoitos, Cereais de Pequeno-almoço e Cereais Infantis. 
(d) VET – Valor Energético Total 
(e) UL – Tolerable Upper Intake Level, definido pelas Dietary Reference Intakes. USA, 2005 
(f) AR - Average Requirement 

 

  

 

   VDR (a) Crianças 
 (<10 anos) 

Adolescentes 
 (10-17 anos) 

Adultos 
 (18-64 anos) 

Idosos 
 (65-84 anos) 

              

Fibra < AI (b) 40,7 72,7 83,9 88,6 

Açúcares (c) > 10% VET (d) 84,1 73,7 87 95,5 

Gordura   Baixo 67,7 0,5 0,4 2,5 

Gordura   Adequado 28,2 78,6 75,5 89,7 

Gordura   Alto 4,1 20,9 24,1 7,8 

Hidratos de carbono   Baixo 7,9 16,6 36,1 22,5 

Hidratos de carbono   Adequado 75,6 75,7 61,8 72,1 

Hidratos de carbono   Alto 16,5 7,7 2,1 5,4 

Sódio > UL (e) 66,3 74,4 81,6 58 

Cálcio < AR (f) 11,2 53,8 44,6 54,6 

Potássio < AI (g) 0,9 37,9 46,2 65 

Vitamina D < AI 92 97,5 96 95 

Folatos   AR 8,6 42,5 43,9 58,6 
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Tabela A2.10 - Percentagem de indivíduos que não atingem ou excedem os valores diários de referência por sexo 

 

  

VDR (a) 

Mulheres Homens 
  

  Crianças 
 (<10 anos) 

Adolescentes 
 (10-17 anos) 

Adultos 
 (18-64 anos) 

Idosos 
 (65-84 anos) 

Crianças 
 (<10 anos) 

Adolescentes 
 (10-17 anos) 

Adultos 
 (18-64 anos) 

Idosos 
 (65-84 anos) 

                      
Água < AI (b) 44,2 72,7 56,1 67,6 43,8 71,9 62,6 81,7 
Proteína < AR 0 0,5 3,1 15,1 0 0 0,1 0,8 
Fibra < AI 38,6 75,2 89,6 86,2 35,5 69,4 79,9 85,8 
Açúcares (c) > 10% VET (d) 80,7 80,4 88,6 93,8 83,7 69,5 85,1 96,3 
Álcool > Máximo 0 0,2 0,8 1,3 0 0 3,7 15,4 
Gordura   Baixo 65,4 0,9 0,5 2,2 70 0,2 0,3 3,1 
Gordura   Adequado 30,4 79,8 74,3 86,1 26 77,1 76,7 92,4 
Gordura   Alto 4,2 19,3 25,2 11,7 4 22,7 23 4,5 
Hidratos de Carbono   Baixo 7,6 14,9 28,2 13,9 8,4 16,3 44,4 33,7 
Hidratos de Carbono   Adequado  75,1 76,2 68,2 75,6 78,3 77,3 54,5 64,2 
Hidratos de Carbono   Alto 17,3 8,9 3,6 10,5 13,3 6,4 1,1 2,1 
Sódio > UL (e) 62,4 69,1 70,8 37,6 72 82,8 90,6 82 
Cálcio < AR (f) 16,9 57,5 50,6 59,2 6,3 49,4 37 48,9 
Potássio < AI 1,9 45 60,1 75,2 0,2 30,4 29,1 52 
Ferro < AR 13,6 18,5 13,6 19,7 3,2 11,4 0,6 0,3 
Magnésio < AI 45,9 48,2 58,2 76,1 31,5 69,3 53 74,4 
Vitamina A < AR 7 32,9 33,4 29,6 2,3 27 39,6 40,9 
Vitamina D < AI 94,4 94,4 94,4 94,4 99,2 99 98,1 96,8 
Tocoferol < AI 33,9 66,9 67,2 67,4 32,3 76,7 67,1 83,1 
Folatos < AR 12,2 46,2 49,3 61,2 5,4 37,3 36,9 54,2 
Vitamina B6 < AR 1,5 13,7 16,8 16,3 0,3 6,9 7,7 13,5 
Vitamina C < AR 2,1 21,7 29,2 25,1 1,1 19,7 29,7 42,8 

 
(a) VDR - Valor diário de referência, preconizado pela Autoridade Europeia de Segurança dos Alimentos. EFSA Journal 2010; 8: 1458 
(b) AI - Adequate Intake 
(c) Contributo dos alimentos dos grupos Doces, Refrigerantes (não incluindo néctares), Bolos (incluindo pastelaria), Bolachas e Biscoitos, Cereais de Pequeno-almoço e Cereais Infantis. 
(d) VET – Valor Energético Total 
(e) UL – Tolerable Upper Intake Level, definido pelas Dietary Reference Intakes. USA, 2005 
(f) AR - Average Requirement 
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IMPORTANCE Dietary modification remains key to successful weight loss. Yet, no one dietary
strategy is consistently superior to others for the general population. Previous research
suggests genotype or insulin-glucose dynamics may modify the effects of diets.

OBJECTIVE To determine the effect of a healthy low-fat (HLF) diet vs a healthy
low-carbohydrate (HLC) diet on weight change and if genotype pattern or insulin secretion
are related to the dietary effects on weight loss.

DESIGN, SETTING, AND PARTICIPANTS The Diet Intervention Examining The Factors Interacting
with Treatment Success (DIETFITS) randomized clinical trial included 609 adults aged 18 to
50 years without diabetes with a body mass index between 28 and 40. The trial enrollment
was from January 29, 2013, through April 14, 2015; the date of final follow-up was May 16,
2016. Participants were randomized to the 12-month HLF or HLC diet. The study also tested
whether 3 single-nucleotide polymorphism multilocus genotype responsiveness patterns or
insulin secretion (INS-30; blood concentration of insulin 30 minutes after a glucose
challenge) were associated with weight loss.

INTERVENTIONS Health educators delivered the behavior modification intervention to HLF
(n = 305) and HLC (n = 304) participants via 22 diet-specific small group sessions
administered over 12 months. The sessions focused on ways to achieve the lowest fat or
carbohydrate intake that could be maintained long-term and emphasized diet quality.

MAIN OUTCOMES AND MEASURES Primary outcome was 12-month weight change and
determination of whether there were significant interactions among diet type and genotype
pattern, diet and insulin secretion, and diet and weight loss.

RESULTS Among 609 participants randomized (mean age, 40 [SD, 7] years; 57% women;
mean body mass index, 33 [SD, 3]; 244 [40%] had a low-fat genotype; 180 [30%] had a
low-carbohydrate genotype; mean baseline INS-30, 93 μIU/mL), 481 (79%) completed the
trial. In the HLF vs HLC diets, respectively, the mean 12-month macronutrient distributions
were 48% vs 30% for carbohydrates, 29% vs 45% for fat, and 21% vs 23% for protein.
Weight change at 12 months was −5.3 kg for the HLF diet vs −6.0 kg for the HLC diet
(mean between-group difference, 0.7 kg [95% CI, −0.2 to 1.6 kg]). There was no significant
diet-genotype pattern interaction (P = .20) or diet-insulin secretion (INS-30) interaction
(P = .47) with 12-month weight loss. There were 18 adverse events or serious adverse events
that were evenly distributed across the 2 diet groups.

CONCLUSIONS AND RELEVANCE In this 12-month weight loss diet study, there was no
significant difference in weight change between a healthy low-fat diet vs a healthy
low-carbohydrate diet, and neither genotype pattern nor baseline insulin secretion was
associated with the dietary effects on weight loss. In the context of these 2 common weight
loss diet approaches, neither of the 2 hypothesized predisposing factors was helpful in
identifying which diet was better for whom.
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JAMA. 2018;319(7):667-679. doi:10.1001/jama.2018.0245

Supplemental content

CME Quiz at
jamanetwork.com/learning
and CME Questions page 715

Author Affiliations: Stanford
Prevention Research Center,
Department of Medicine, Stanford
University Medical School, Stanford,
California (Gardner, Trepanowski,
Del Gobbo, Hauser, Ioannidis, King);
Quantitative Sciences Unit, Stanford
University School of Medicine,
Stanford, California (Rigdon, Desai);
Department of Health Research and
Policy, Stanford University School of
Medicine, Stanford, California
(Ioannidis, Desai, King); Department
of Statistics, Stanford University
School of Humanities and Sciences,
Stanford, California (Ioannidis, Desai);
Department of Biomedical Data
Science, Stanford University School
of Medicine, Stanford, California
(Ioannidis, Desai).

Corresponding Author: Christopher
D. Gardner, PhD, Stanford Prevention
Research Center, Department of
Medicine, Stanford University
Medical School, 1265 Welch Rd,
Stanford, CA 94305
(cgardner@stanford.edu).

Research

JAMA | Original Investigation

(Reprinted) 667

© 2018 American Medical Association. All rights reserved.

Downloaded From:  by a Universidade do Porto User  on 02/22/2018

Effect of Low-Fat vs Low-Carbohydrate Diet on 12-Month
Weight Loss in Overweight Adults and the Association
With Genotype Pattern or Insulin Secretion
The DIETFITS Randomized Clinical Trial
Christopher D. Gardner, PhD; John F. Trepanowski, PhD; Liana C. Del Gobbo, PhD; Michelle E. Hauser, MD; Joseph Rigdon, PhD;
John P. A. Ioannidis, MD, DSc; Manisha Desai, PhD; Abby C. King, PhD

IMPORTANCE Dietary modification remains key to successful weight loss. Yet, no one dietary
strategy is consistently superior to others for the general population. Previous research
suggests genotype or insulin-glucose dynamics may modify the effects of diets.

OBJECTIVE To determine the effect of a healthy low-fat (HLF) diet vs a healthy
low-carbohydrate (HLC) diet on weight change and if genotype pattern or insulin secretion
are related to the dietary effects on weight loss.

DESIGN, SETTING, AND PARTICIPANTS The Diet Intervention Examining The Factors Interacting
with Treatment Success (DIETFITS) randomized clinical trial included 609 adults aged 18 to
50 years without diabetes with a body mass index between 28 and 40. The trial enrollment
was from January 29, 2013, through April 14, 2015; the date of final follow-up was May 16,
2016. Participants were randomized to the 12-month HLF or HLC diet. The study also tested
whether 3 single-nucleotide polymorphism multilocus genotype responsiveness patterns or
insulin secretion (INS-30; blood concentration of insulin 30 minutes after a glucose
challenge) were associated with weight loss.

INTERVENTIONS Health educators delivered the behavior modification intervention to HLF
(n = 305) and HLC (n = 304) participants via 22 diet-specific small group sessions
administered over 12 months. The sessions focused on ways to achieve the lowest fat or
carbohydrate intake that could be maintained long-term and emphasized diet quality.

MAIN OUTCOMES AND MEASURES Primary outcome was 12-month weight change and
determination of whether there were significant interactions among diet type and genotype
pattern, diet and insulin secretion, and diet and weight loss.

RESULTS Among 609 participants randomized (mean age, 40 [SD, 7] years; 57% women;
mean body mass index, 33 [SD, 3]; 244 [40%] had a low-fat genotype; 180 [30%] had a
low-carbohydrate genotype; mean baseline INS-30, 93 μIU/mL), 481 (79%) completed the
trial. In the HLF vs HLC diets, respectively, the mean 12-month macronutrient distributions
were 48% vs 30% for carbohydrates, 29% vs 45% for fat, and 21% vs 23% for protein.
Weight change at 12 months was −5.3 kg for the HLF diet vs −6.0 kg for the HLC diet
(mean between-group difference, 0.7 kg [95% CI, −0.2 to 1.6 kg]). There was no significant
diet-genotype pattern interaction (P = .20) or diet-insulin secretion (INS-30) interaction
(P = .47) with 12-month weight loss. There were 18 adverse events or serious adverse events
that were evenly distributed across the 2 diet groups.

CONCLUSIONS AND RELEVANCE In this 12-month weight loss diet study, there was no
significant difference in weight change between a healthy low-fat diet vs a healthy
low-carbohydrate diet, and neither genotype pattern nor baseline insulin secretion was
associated with the dietary effects on weight loss. In the context of these 2 common weight
loss diet approaches, neither of the 2 hypothesized predisposing factors was helpful in
identifying which diet was better for whom.

TRIAL REGISTRATION clinicaltrials.gov Identifier: NCT01826591
JAMA. 2018;319(7):667-679. doi:10.1001/jama.2018.0245

Supplemental content

CME Quiz at
jamanetwork.com/learning
and CME Questions page 715

Author Affiliations: Stanford
Prevention Research Center,
Department of Medicine, Stanford
University Medical School, Stanford,
California (Gardner, Trepanowski,
Del Gobbo, Hauser, Ioannidis, King);
Quantitative Sciences Unit, Stanford
University School of Medicine,
Stanford, California (Rigdon, Desai);
Department of Health Research and
Policy, Stanford University School of
Medicine, Stanford, California
(Ioannidis, Desai, King); Department
of Statistics, Stanford University
School of Humanities and Sciences,
Stanford, California (Ioannidis, Desai);
Department of Biomedical Data
Science, Stanford University School
of Medicine, Stanford, California
(Ioannidis, Desai).

Corresponding Author: Christopher
D. Gardner, PhD, Stanford Prevention
Research Center, Department of
Medicine, Stanford University
Medical School, 1265 Welch Rd,
Stanford, CA 94305
(cgardner@stanford.edu).

Research

JAMA | Original Investigation

(Reprinted) 667

© 2018 American Medical Association. All rights reserved.

Downloaded From:  by a Universidade do Porto User  on 02/22/2018

Effect of Low-Fat vs Low-Carbohydrate Diet on 12-Month
Weight Loss in Overweight Adults and the Association
With Genotype Pattern or Insulin Secretion
The DIETFITS Randomized Clinical Trial
Christopher D. Gardner, PhD; John F. Trepanowski, PhD; Liana C. Del Gobbo, PhD; Michelle E. Hauser, MD; Joseph Rigdon, PhD;
John P. A. Ioannidis, MD, DSc; Manisha Desai, PhD; Abby C. King, PhD

IMPORTANCE Dietary modification remains key to successful weight loss. Yet, no one dietary
strategy is consistently superior to others for the general population. Previous research
suggests genotype or insulin-glucose dynamics may modify the effects of diets.

OBJECTIVE To determine the effect of a healthy low-fat (HLF) diet vs a healthy
low-carbohydrate (HLC) diet on weight change and if genotype pattern or insulin secretion
are related to the dietary effects on weight loss.

DESIGN, SETTING, AND PARTICIPANTS The Diet Intervention Examining The Factors Interacting
with Treatment Success (DIETFITS) randomized clinical trial included 609 adults aged 18 to
50 years without diabetes with a body mass index between 28 and 40. The trial enrollment
was from January 29, 2013, through April 14, 2015; the date of final follow-up was May 16,
2016. Participants were randomized to the 12-month HLF or HLC diet. The study also tested
whether 3 single-nucleotide polymorphism multilocus genotype responsiveness patterns or
insulin secretion (INS-30; blood concentration of insulin 30 minutes after a glucose
challenge) were associated with weight loss.

INTERVENTIONS Health educators delivered the behavior modification intervention to HLF
(n = 305) and HLC (n = 304) participants via 22 diet-specific small group sessions
administered over 12 months. The sessions focused on ways to achieve the lowest fat or
carbohydrate intake that could be maintained long-term and emphasized diet quality.

MAIN OUTCOMES AND MEASURES Primary outcome was 12-month weight change and
determination of whether there were significant interactions among diet type and genotype
pattern, diet and insulin secretion, and diet and weight loss.

RESULTS Among 609 participants randomized (mean age, 40 [SD, 7] years; 57% women;
mean body mass index, 33 [SD, 3]; 244 [40%] had a low-fat genotype; 180 [30%] had a
low-carbohydrate genotype; mean baseline INS-30, 93 μIU/mL), 481 (79%) completed the
trial. In the HLF vs HLC diets, respectively, the mean 12-month macronutrient distributions
were 48% vs 30% for carbohydrates, 29% vs 45% for fat, and 21% vs 23% for protein.
Weight change at 12 months was −5.3 kg for the HLF diet vs −6.0 kg for the HLC diet
(mean between-group difference, 0.7 kg [95% CI, −0.2 to 1.6 kg]). There was no significant
diet-genotype pattern interaction (P = .20) or diet-insulin secretion (INS-30) interaction
(P = .47) with 12-month weight loss. There were 18 adverse events or serious adverse events
that were evenly distributed across the 2 diet groups.

CONCLUSIONS AND RELEVANCE In this 12-month weight loss diet study, there was no
significant difference in weight change between a healthy low-fat diet vs a healthy
low-carbohydrate diet, and neither genotype pattern nor baseline insulin secretion was
associated with the dietary effects on weight loss. In the context of these 2 common weight
loss diet approaches, neither of the 2 hypothesized predisposing factors was helpful in
identifying which diet was better for whom.

TRIAL REGISTRATION clinicaltrials.gov Identifier: NCT01826591
JAMA. 2018;319(7):667-679. doi:10.1001/jama.2018.0245

Supplemental content

CME Quiz at
jamanetwork.com/learning
and CME Questions page 715

Author Affiliations: Stanford
Prevention Research Center,
Department of Medicine, Stanford
University Medical School, Stanford,
California (Gardner, Trepanowski,
Del Gobbo, Hauser, Ioannidis, King);
Quantitative Sciences Unit, Stanford
University School of Medicine,
Stanford, California (Rigdon, Desai);
Department of Health Research and
Policy, Stanford University School of
Medicine, Stanford, California
(Ioannidis, Desai, King); Department
of Statistics, Stanford University
School of Humanities and Sciences,
Stanford, California (Ioannidis, Desai);
Department of Biomedical Data
Science, Stanford University School
of Medicine, Stanford, California
(Ioannidis, Desai).

Corresponding Author: Christopher
D. Gardner, PhD, Stanford Prevention
Research Center, Department of
Medicine, Stanford University
Medical School, 1265 Welch Rd,
Stanford, CA 94305
(cgardner@stanford.edu).

Research

JAMA | Original Investigation

(Reprinted) 667

© 2018 American Medical Association. All rights reserved.

Downloaded From:  by a Universidade do Porto User  on 02/22/2018



11/03/18

9



11/03/18

10



11/03/18

11

Dietas
Nuno Borges
Faculdade de Ciências da Nutrição e Alimentação
Universidade do Porto

nunoborges@fcna.up.pt


