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SUMMARY

Chlamydia pneumoniae infection is said to be associated with obesity. We studied the association

between C. pneumoniae infection and inflammation and increased BMI in 891 Finnish military

recruits. IgG seropositivity in arrival and departure serum samples during 6–12 months of

military service was considered as persistence of antibodies and a possible indication of chronic

infection. Persistently high C-reactive protein (CRP) level (elevated on arrival and departure)

(OR 2.2, 95% CI 1.3–3.9), and persistent C. pneumoniae antibodies (OR 2.1, 95% CI 1.5–2.8)

were significant risk factors for overweight (BMI o25 kg/m2). In addition, those who had

persistent antibodies and persistently elevated CRP levels, or those who had either of them,

had a significantly higher BMI (kg/m2) compared to those who had neither of them

(25.8 vs. 24.6 vs. 23.5, respectively ; P<0.001). These results provide new information about

the association between possible chronic C. pneumoniae infection and obesity in young men.
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INTRODUCTION

Chlamydia pneumoniae is a common respiratory

pathogen and has a tendency to give rise to chronic

infections. The association between C. pneumoniae

infections and coronary heart disease (CHD) has been

documented in several studies [1, 2]. CHD is a multi-

factorial disease, and number of risk factors, such as

hypertension, hyperlipidaemia, smoking and obesity,

have been identified. Recently, the association be-

tween C. pneumoniae and the risk factors of CHD

have been studied intensively.

In obesity, adipose tissue is inflamed and many in-

flammatory molecules, such as interleukin 6 (IL-6)

and tumour necrosis factor-a (TNF-a), are produced

[3, 4]. This low-grade inflammation in adipose tissue

induces insulin resistance and obesity, which are

linked to metabolic syndrome, type 2 diabetes and

CHD [5–7]. In addition to genetic and environmental

factors, infections have also been associated with

obesity. It is now known that infections and micro-

organisms can cause adipocyte dysfunction and

* Author for correspondence : A. Rantala, M.Sc., National
Institute for Health and Welfare, P.O. Box 310, FI-90101 Oulu,
Finland.
(Email : aino.rantala@thl.fi)

Epidemiol. Infect. (2010), 138, 1267–1273. f Cambridge University Press 2009

doi:10.1017/S0950268809991452

https://doi.org/10.1017/S0950268809991452 Published online by Cambridge University Press

https://doi.org/10.1017/S0950268809991452


inflammation. This association was first demon-

strated between adenovirus and obesity in humans

[8, 9]. Recently, many other microorganisms and also

C. pneumoniae have been linked to an elevated body

mass index (BMI) and other CHD risk factors

[10–12].

Slightly elevated serum C-reactive protein (CRP)

levels act as a marker of systemic inflammation, and

have been shown to increase the risk of CHD [13]. The

synthesis of CRP is regulated by IL-6, which has been

assumed to originate largely from adipose tissue.

Thus, CRP has been associated with insulin resistance

and obesity, as well [14, 15].

In the current study we investigated whether

elevated C. pneumoniae IgG antibodies and slightly

elevated CRP levels were associated with an increased

BMI in young Finnish military recruits. We were

especially interested in persistently elevated anti-

bodies, a possible indicator of chronic infection, dur-

ing military service.

METHODS

Study subjects and specimens

The study population included 891 military recruits

(228 with and 663 without asthma) from the July 2004

and January 2005 intake groups for military service

in Kajaani Garrison, Kainuu Brigade, in northern

Finland. All the men who agreed to participate in the

study signed an informed consent form. More than

half (58.2%) of the participants served for 6 months,

6.2% for 9 months, and 27.6% for 12 months, and

the study was aborted by 8.1%. The age of the par-

ticipants ranged from 17.4 to 29.6 years (mean 19.6

years). The study participants were Finnish men all

of whom were of white European ancestry. The study

protocol was approved by the Medical Ethics Com-

mittee of the Kainuu Central Hospital.

Asthma. Asthma was defined as previously diagnosed

by a physician according to data from previous health

and call-up examinations.

Body mass index (BMI). The body height and weight

of the conscripts were measured during health exam-

inations at the beginning of their military service.

BMI was calculated as weight in kilograms divided by

the square of height in meters.

Smoking. Smoking was classified as smokers and

non-smokers, based on a questionnaire at the

beginning of the military service. Smokers were cur-

rent daily smokers. Non-smokers had never smoked

or had stopped smoking or smoked only occasionally.

Education. Information on education was collected

from the conscripts’ personal data forms and classi-

fied as comprehensive school, or vocational school, or

upper secondary school education.

Laboratory methods

Sera were obtained at the beginning and end of the

participants’ military service. The samples were stored

at x80 xC until analysed.

Microimmunofluorescence (MIF) test. A MIF test

was used to measure C. pneumoniae IgG antibody

levels in the serum samples [16, 17]. Using Finnish

C. pneumoniae strain Kajaani 6 (K6) elementary

bodies as an antigen, serial fourfold dilutions of the

serum samples, starting from 1:32, were prepared

for detection of IgG antibodies. Positive serum con-

trols with known titres were included in each series.

The seropositivity cut-off value for IgG waso32. The

presence of IgG antibodies in arrival and departure

serum samples during 180, 270, or 362 days’ military

service was considered as persistence of antibodies

and a possible indication of chronic C. pneumoniae

infection. A ofourfold rise in IgG antibodies be-

tween the arrival and departure samples was con-

sidered a seroconversion and a possible indication

of clinical or subclinical C. pneumoniae infection.

Arrival serum samples were available from 888 con-

scripts and both arrival and departure sera, from 794

conscripts.

Highly sensitive C-reactive protein (hsCRP). The

hsCRP levels were determined by the immuno-

enzymometric assay (IEMA) test (Medix Biochemica,

Finland) ([18], and according to the manufacturer’s

instructions) from the blood samples. The assay range

was from 0.3 to 30 mg/l, and the sensitivity of the

test was 0.08 mg/l. The lowest hsCRP level of the

highest quartile was used as a cut-off value for elev-

ated hsCRP levels. To limit the possible increasing

influence of infections on CRP level, only conscripts

with CRP <10 mg/l were included in the CRP

analysis (n=809). A persistently elevated CRP level

was defined as a CRP level above the upper quartile

in the arrival and departure samples during military

service.
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Statistical analysis

To test the significance between BMI groups, an in-

dependent-samples t test was used for continuous

variables, and Pearson’s x2 test and x2 linear-by-linear

association test were used for categorized variables.

For BMI and hsCRP that did not follow normal dis-

tribution, a logarithmic transformation was done.

For multivariate analyses, odds ratios with a 95%

confidence interval (CI) were estimated by logistic

regression, and analysis of variance was used to ob-

tain geometric mean BMI values in different groups.

Statistical analyses were performed using SPSS ver-

sion 15.0 (SPSS Inc., USA).

RESULTS

The geometric mean BMI in the study population of

891 military recruits at arrival for military service was

24.2 kg/m2 (95% CI 23.9–24.4 kg/m2) and the range

was from 16.0 to 42.9 kg/m2. The study population

was divided into two groups according to BMI; nor-

mal weight (BMI<25 kg/m2, n=552) and overweight

(BMI o25 kg/m2, n=339) conscripts. There were 92

obese conscripts with a BMI o30, who were included

in the overweight group. The distribution of different

variables in these groups is shown in Table 1.

Overweight conscripts were slightly older than normal

weight conscripts (P=0.036). There was no statisti-

cally significant association for asthma or smoking

between the BMI groups (P=0.501 and P=0.179,

respectively). Education was associated with BMI;

the conscripts with comprehensive school or voca-

tional education were more often overweight than

were those with upper secondary school education

(P<0.001). The prevalence of IgG seropositivity

(o32) in 888 military recruits at arrival was 46%, and

seropositivity was significantly more prevalent in

overweight than in normal weight conscripts (54% vs.

41%, P<0.001). The prevalences of persistent IgG

and IgG seroconversion in 794 conscripts were 30%

and 13%, respectively. Persistent IgG antibodies were

significantly associated with overweight (P<0.001),

whereas IgG seroconversion was not (P=0.440)

(Table 1). The geometric mean hsCRP concentration

in 809 military recruits at arrival was 0.84 mg/l. The

difference in the mean CRP concentration between

normal weight and overweight conscripts was signifi-

cant (0.69 mg/l vs. 1.16 mg/l, P<0.001). The upper

quartile of CRP concentration in the arrival and de-

parture samples was 1.70 mg/l. A persistently slightly

elevated CRP level (defined as a CRP level othe

upper quartile on arrival and departure) was associ-

ated with the overweight group (P=0.007) (Table 1).

In addition, a positive correlation between BMI

and hsCRP at arrival (r=0.234, P<0.001) and

Table 1. Descriptive statistics of the study population

Variable [% (n) or mean (S.D./95% CI)] All (n=891)
BMI <25
(n=552)

BMI o25
(n=339) P value*

Age (yr) 19.6 (0.8) 19.6 (0.7) 19.7 (0.9) 0.036

Asthma 26% (228) 25% (137/552) 27% (91/339) 0.501
Smoking (n=876) 43% (377) 41% (225/545) 46% (152/331) 0.179

Education (n=833)
Comprehensive or

vocational school

62% (513) 57% (294/517) 70% (219/316)

Upper secondary school 38% (320) 43% (223/517) 31% (97/316) <0.001

Cpn IgG (o32) prevalence in arrival
sera (n=888)

46% (408) 41% (227/551) 54% (181/337) <0.001

Cpn persistent IgG (n=794)# 30% (234) 24% (120/502) 39% (114/292) <0.001

Cpn IgG seroconversion (n=794)# 13% (102) 14% (68/502) 12% (34/292) 0.440
hsCRP$ (mg/l) at arrival (n=809) 0.84 (0.76–0.92) 0.69 (0.61–0.78) 1.16 (1.02–1.33) <0.001
Persistent hsCRP (n=705)· 8.2% (58) 6% (28/454) 12% (30/251) 0.007

BMI, Body mass index; CI, confidence interval ; Cpn, C. pneumoniae ; CRP, C-reactive protein ; S.D., standard deviation.

* Independent-samples t test for continuous variables, Pearson x2 for categorized variables.
# IgG antibody persistence and seroconversion in arrival and departure sera.
$ Geometric mean.

· hsCRP level oupper quartile (1.7 mg/l) on arrival and departure.
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C. pneumoniae IgG titre (r=0.130, P<0.001) was ob-

served (data not shown).

In the logistic regression analysis, an elevated CRP

level at arrival (OR 2.0, 95% CI 1.4–2.7), a persist-

ently high CRP level (OR 2.2, 95% CI 1.3–3.9),

C. pneumoniae IgG seropositivity (OR 1.5, 95% CI

1.1–2.0), and persistent IgG antibodies (OR 2.1, 95%

CI 1.5–2.8) proved to be significant risk factors

of overweight when adjusted for intake group and

education (Table 2). To further analyse the signifi-

cance of persistent infection and inflammation, those

who had a persistently elevated CRP level and per-

sistent antibodies during military service, and those

who had either of them, were compared with those

who had neither of them. A significant risk was ob-

served in these groups (adjusted OR 3.0, 95% CI

1.2–7.9 and adjusted OR 2.2, 95% CI 1.6–3.2,

respectively) (Table 2). Adjusting the analyses for

asthma status and smoking did not alter the results.

In addition, statistically significant trends were found

between normal weight, overweight, and obese

groups; P<0.001 for elevated CRP level, P=0.001

for persistent CRP level, P=0.009 for IgG sero-

positivity, P<0.001 for persistent IgG and P<0.001

for combined persistent CRP and persistent anti-

bodies (data not shown).

BMI values together with covariances were ana-

lysed in the different groups. Asthmatic status, smok-

ing, intake group, and education were included in the

model. Asthma status and smoking were not statisti-

cally significant and were excluded from the final

model. Table 2 shows the geometric mean BMI values

for categorized hsCRP concentration, persistent

CRP, C. pneumoniae IgG seropositivity, persistent

antibodies, and combined persistent CRP and per-

sistent antibodies. Those who had a persistently elev-

ated CRP level and antibodies, or those who had

either of them, had a significantly higher BMI com-

pared to those who had neither of them (25.8 kg/m2

vs. 24.6 kg/m2 vs. 23.5 kg/m2, respectively; P<0.001)

(Table 2).

DISCUSSION

In the current study, C. pneumoniae IgG antibodies

and slightly elevated CRP levels were significantly

associated with overweight. In particular, an associ-

ation was detected for persistence of antibodies and

Table 2. Adjusted odds ratios for overweight (BMI o25) and adjusted geometric mean values of BMI in

different groups of hsCRP level and C. pneumoniae IgG antibodies

n (%) OR (95% CI)*

BMI (kg/m2),

mean (95% CI)* P value#

CRP negative$ 168 (32%) 1 23.5 (23.2–23.8)
CRP positive 110 (49%) 2.0 (1.4–2.7) 25.0 (24.5–25.5) <0.001

Persistent CRP negative· 206 (34%) 1 23.8 (23.5–24.1)
Persistent CRP positive 28 (54%) 2.2 (1.3–3.9) 25.6 (24.5–26.6) <0.001

Cpn IgG negative" 147 (33%) 1 23.7 (23.3–24.0) 0.001

Cpn IgG positive 167 (44%) 1.5 (1.1–2.0) 24.5 (24.1–24.9)

Cpn persistent IgG negativek 165 (32%) 1 23.7 (23.4–24.0) <0.001
Cpn persistent IgG positive 106 (49%) 2.1 (1.5–2.8) 24.8 (24.3–25.3)

Cpn IgG persistent and CRP
persistent negative

123 (29%) 1 23.5 (23.1–23.8)

Cpn IgG persistent or CRP
persistent

101 (47%) 2.2 (1.6–3.2) 24.6 (24.2–25.1)

Cpn IgG persistent and CRP

persistent positive

10 (56%) 3.0 (1.2–7.9) 25.8 (24.1–27.6) <0.001

BMI, Body mass index; CI, confidence interval ; Cpn, C. pneumoniae ; CRP, C-reactive protein ; OR, odds ratio.
* Multivariate analyses were adjusted for intake group and education.
# P value for the difference between geometric mean values of BMI.

$ hsCRP level oupper quartile (1.7 mg/l) on arrival.
· hsCRP level oupper quartile on arrival and departure (1.7 mg/l).
" IgG titre o32 on arrival.
k IgG positive in arrival and departure sera.
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elevated CRP concentration and, furthermore, for

the combined presence of persistent IgG antibodies

and persistently high CRP. The presence of IgG

antibodies in any serum can be considered a mark of

previous exposure to C. pneumoniae and when present

persistently may suggest prolonged or chronic infec-

tion. Interestingly, a possible acute C. pneumoniae

infection, diagnosed by antibody seroconversion

during the 6–12 months of service, was not associated

with BMI at all. This finding suggests that possible

persistent C. pneumoniae infection, but not an acute

infection, predisposes to overweight. On the other

hand, overweight may induce the chronicity of

C. pneumoniae infection. The causality can only be

speculated upon here.

Previously, the association between C. pneumoniae

and obesity has mainly been shown in studies where

single-point antibody measurements have been used

to indicate earlier exposure to infection. First, Ekesbo

et al. [10] found that combined seropositivity for

Helicobacter pylori and C. pneumoniae or either of

them was associated with a high BMI and high fast-

ing levels of insulin. Dart et al. [12] also reported an

association between C. pneumoniae seropositivity

and cardiovascular risk factors, especially increased

body weight. Karppinen et al. [11] found that poss-

ible chronic C. pneumoniae infection, defined as per-

sistent IgG or IgA antibodies in two serum samples

taken at least 1 month apart, was associated with

increased BMI levels in patients with sciatica. In

our previous study [19], elevated serum chlamydial

lipopolysaccharide (cLPS) and C. pneumoniae IgG

seropositivity, suggesting active frequent or chronic

infection, was associated with an elevated BMI in

patients with cardiovascular disease. In a recent study

by Thjodleifsson et al. [20] elevated BMI levels were

more frequent in those with elevated IgG antibody

level for C. pneumoniae, as well as for H. pylori. On

the contrary, neither Kaftan & Kaftan [21] nor

Koziolek et al. [22] found any association between

BMI and C. pneumoniae IgG seropositivity. The in-

teraction between C. pneumoniae and changes in

lipid metabolism has also been studied in our group

earlier [23, 24]. In Finnish reindeer herders, persistent

C. pneumoniae antibodies over a period of 3 years

were associated with lower HDL cholesterol and

higher triglycerides [25] and, in addition, with obesity

(BMI o28 kg/m2) [23].

Besides C. pneumoniae andH. pylori, several viruses

in animals and two viruses, SMAM-1 avian adeno-

virus and human adenovirus Ad-36, in humans have

been associated with obesity [8, 9, 26]. Ad-36 is able

to infect adipocytes and recently, it was also shown

that C. pneumoniae is able to infect murine pre-

adipocytes and adipocytes [27] as well as human

adipocytes [28]. Ad-36 has been shown to induce adi-

pocyte differentiation and it has been postulated that

Ad-36 has a direct effect on adipogenesis and/or the

accumulation of lipid by adipocytes [29, 30]. How-

ever, C. pneumoniae more likely promotes the se-

cretion of inflammatory molecules, such as TNF-a,

suppressing insulin signalling and adipogenesis by

inflammatory mechanisms [27]. It has been shown

earlier that C. pneumoniae is able to infect macro-

phages and induce lipid accumulation and foam cell

formation in them [31]. One factor in chronic inflam-

mation of obesity is that macrophage cells infiltrate

adipose tissue, inducing adipocyte hypertrophy [32].

This may be the route that allows C. pneumoniae to

get into adipose tissue. Macrophages produce the

same pro-inflammatory molecules, IL-6 and TNF-a,

as adipose tissue, and C. pneumoniae has been shown

to induce the production of these molecules from

infected macrophages [33].

In the current study, the rate of C. pneumoniae

seroconversion was similar in overweight and normal

weight subject. This suggests that obese subjects are

not more susceptible to acute C. pneumoniae infec-

tions. However, as the association was found for

the persistent presence of elevated CRP and IgG

antibodies, the association is probably connected to

more generalized inflammation induced by C. pneu-

moniae infection in any tissues, e.g. in lungs or blood

vessels and not only in adipose tissue.

Military service is mandatory in Finland and all

men aged 18–19 years are called up for service.

Ninety-eight percent of them attend a call-up exam-

ination to establish their fitness for military service

[34] and 80–85% of all men complete their service

[35]. Therefore, our study population represents well

the normal healthy population of young Finnish men.

The current study suggests that already at a young age

infections could be a risk factor of overweight, or vice

versa, whereas previously the association has been

shown mainly in an older population [10–12, 19].

Moreover, previous studies have been mainly con-

ducted in CHD patients, whereas our study popu-

lation represents the healthy population. In our study

we considered only slightly elevated CRP levels, de-

fined as <10 mg/l, which limited the possible influ-

ence of acute infections on CRP level. In addition,

serum samples taken 6–12 months apart were
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available and enabled the study of persistently elev-

ated CRP concentrations as well as persistent C. pneu-

moniae antibodies during military service. Thus, our

results strongly point to the possibility that both per-

sistent infection and systemic inflammation are as-

sociated with obesity in these young Finnish men.

We used the MIF method, the gold standard of

serological diagnosis [36] to measure C. pneumoniae

antibodies. It has been shown previously that inter-

laboratory variation in antibody titres with subjective

MIF method may be high [37]. However, in the cur-

rent study we only analysed the presence or persistent

presence of antibodies or fourfold titre changes.

Although there are no accepted serological criteria for

chronic C. pneumoniae infection, it is known that even

IgG antibodies do not normally persist in young per-

sons [38] ; thu, persistence of antibodies might also

indicate persistence of infection. It has been suggested

that the presence of short-living IgA antibodies might

be a better indication of chronicity than IgG anti-

bodies. In our study, C. pneumoniae IgA antibodies

were also analysed and persistent IgA antibodies were

associated with BMI (P=0.010) (data not shown).

However, due to the low number of participants with

IgA seropositivity in this young study population,

IgA antibodies were not reported. As the study popu-

lation included only men, there may be a gender bias

in this study. Therefore, prospective studies in women

and both genders are needed.

In conclusion, we showed here that persistent

C. pneumoniae IgG antibodies as a suggestive marker

of chronic infection, and slightly elevated CRP levels

as a marker of systemic inflammation, were associated

significantly with an elevated BMI in young adult

men. Our results in a homogenous, young and healthy

study population confirm previous, less controlled

studies in older populations with more confounding

factors. Further studies are still needed to investigate

the potential mechanisms between C. pneumoniae

and obesity.
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