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Abstract

Objective: We aimed to evaluate the pulmonary function tests
(PFTs) and serum carboxymethyl-lysine (CML) level and their asso-
ciation with the disease activity in patients with acromegaly. Mate-
rial and Methods: This cross-sectional study included 65
acromegalic patients (F/M:28/37) and 52 controls ( F/M:23/29). PFTs
such as spirometry and diffusing capacity of the lungs for carbon mo-
noxide (DLCO) were performed to determine the lungs’ ability to exc-
hange gases. Serum CML levels were measured with the
enzyme-linked immunosorbent assay. Basal and nadir growth hor-
mone (GH), hemoglobin Alc (HbA1c), and insulin-like growth factor-
1 (IGF-1) were also assessed. Results: Serum CML levels were
significantly higher in acromegalic patients (208.1+80 ng/mL) than
in controls (174.2+11 ng/mL), (p=0.02). The evaluated PFTs were
expressed as predicted values [forced expiratory volume in the 1st
second % (p=0.01), forced vital capacity % (p=0.007), functional
residual capacity % (p=0.03), residual volume % (p=0.03), vital ca-
pacity % (p=0.007), total lung capacity % (p=0.01), and DLCO%
(p=0.02)] that were found to be elevated in acromegalic patients
than in controls. CML levels positively correlated with HbA1c (r=0.53,
p=0.02) but did not correlate with basal GH levels (r=0.35, p=0.06).
GH and IGF-1 levels positively correlated with lung volume in acro-
megalic patients. Conclusion: Serum CML levels increased in acro-
megaly patients but had no association with the PFTs results.
Increased lung volume was the most prominent lung function altera-
tion in acromegalic patients; relevantly, we found elevated GH and
IGF-1 levels to be associated with the increased lung volumes. Future
studies need to evaluate the association between the advanced
glycation end-products and complications of acromegaly.
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Ozet

Amag: Bu calismada akromegali hastalarinda solunum fonksiyonlari,
serum karboksimetil-lizin [carboxymethyl-lysine (CML)] seviyeleri ve
hastalik aktiviyeleriyle iliskilerini degerlendirmeyi amagladik. Gereg ve
Yontemler: Bu kesitsel calismaya 65 akromegali hastasi (K/E: 28/37)
ve 52 kontrol (K/E: 23/29) olgusu dahil edilmistir. Solunum fonksiyon
testleri (SFT) spirometri ile gaz degisimi ise karbon monoksit diftizyon
kapasitesi [diffusing capacity of the lungs for carbon monoxide (DLCO)]
ile degerlendirilmistir. Serum CML dlzeyi enzim bagimli immunosor-
bent 6lglim metoduyla &lglilmistir. Hemoglobin Alc (HbAlc), insilin
benzeri bliylime faktori-1 [insulin-like growth factor-1 (IGF-1)], bazal
ve nadir biyime hormonu (BH) dizeyleri olgliimustir. Bulgular:
Serum CML seviyeleri akromegali hastalarinda (208,1+80 ng/mL),
kontrol hastalarina goére (174,2+11 ng/mL) belirgin olarak daha yik-
sekti (p=0,02). SFT ve DLCO; akromegali hastalarinda kontrol grubuna
gdre anlaml olarak daha yliksek saptandi [% birinci saniyedeki zorlu
ekspiratuar volim (p=0,01), % zorlu vital kapasite (p=0,007), % fonk-
siyonel rezidlel kapasite (p=0,03), % kalinti hacim (p=0,03), % vital
kapasite (p=0,007), % total akciger kapasitesi (p=0,01) ve %DLCO
(p=0,02)]. CML dlzeyi; HbAlc ile pozitif korelasyon gosterirken,
(r=0.53, p=0.02), bazal BH ile korelasyon mevcut degildi (r=0.35,
p=0.06). Akromegali hastalarinda BH ve IGF-1 diizeyleriyle akciger
kapasitesi arasinda pozitif korelasyon mevcuttu. Sonug: Serum CML
duzeyleri akromegali hastalarinda ylkselmistir, ancak SFT ile arasinda
bir iligki gosterilememistir. Artmis akciger kapasitesi akromegali hasta-
larinda en sik gérilen solunum fonksiyon dedisikligidir ve artmis BH ve
IGF-1 diizeyleriyle arasinda bir iligki mevcuttu. Ileri glikasyon son Griin-
leri ve akromegali komplikasyonlari arasindaki iliskinin gdsterilebilmesi
icin daha fazla galismaya ihtiyag vardir.
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Long-term access of growth hormone (GH)
and insulin-like growth factor-1 (IGF-1) to
tissues is responsible for the cardiovascular
and respiratory changes in patients with
acromegaly (1).

Mortality associated with respiratory disease
is observed to be approximately threefold
higher in patients with acromegaly than in
healthy subjects. Respiratory disorders in
acromegalic patients are the second leading
reason for their mortality, responsible for
12-25% of deaths (1, 2). Previous studies
have reported that acromegaly patients de-
velop anatomical alterations; these alter-
ations affect craniofacial bones, soft tissues,
respiratory mucosa/cartilages, respiratory
muscle activity, lung volumes, or rib cage
geometry, which can change the respiratory
functions of the patients. These abnormali-
ties cause two considerable respiratory dys-
functions: Sleep apnea and impaired
respiratory function (3).

Generally, respiratory changes are consid-
ered a part of systemic organomegaly. How-
ever, the pathophysiology of respiratory
dysfunction is still unclear. Combining oxida-
tive stress with the diminished antioxidant
capacity is one of the underlying mechanisms
of tissue damage in acromegaly (4). Also re-
ported, an increase in advanced glycation
end-products (AGESs) is due to increased ox-
idative stress in diseases, such as diabetes,
rheumatoid arthritis, and chronic kidney fail-
ure (5). Recent studies state that AGEs may
have a role in potentiating acromegaly patho-
physiology (6). In vitro studies have shown
that AGEs can stimulate human monocytes
to secrete IGF-1 (7).

Studies yet do not have any clinical data
considering the relation between serum
AGEs and tissue function in acromegalic
patients. Therefore, we assume that the
respiratory functional alterations in the
acromegalic lungs could be associated with
elevated serum GH and AGEs. This study
aimed at two objectives: 1) Evaluate respi-
ratory functions and serum carboxymethyl
lysine (CML) levels in acromegalic patients;
and 2) Evaluate the respiratory func
tions” and serum CML level’s association
with the disease activity in acromegalic pa-
tients.

In this cross-sectional

study, we recruited 65 patients with
acromegaly and 52 subjects without any
lung disease. In addition, the study protocol
was approved by the local ethics committee
(2012.0150) of Marmara University School
of Medicine. The subjects participating in
this study had signed an informed consent
form.
To proceed further in our study, we obtained
anamnesis and performed a medical exam-
ination of each included subject. The term
body mass index (BMI) in this study is calcu-
lated as the weight (kg) divided by height
(m?). We further categorized the subjects as
smokers (at least one cigarette/day) and
non-smokers. Each patient’'s biochemical
tests, treatment (surgery, radiosurgery, and
medical therapy), and hormone replacement
data were acquired from their medical
records. Fifty-two control subjects without
any lung disease were recruited in this
cross-sectional study.

Respiratory
functions were evaluated using spirometry.
The same technician performed all meas-
urements according to the recent guidelines
via the Sensor Medics Vmax229 (Sen-
sormedics Corps., Yorba Linda, CA, USA)
spirometry and gas dilution system.

The spirometer measured the forced vital
capacity (FVC), forced expiratory volume in
the 1st second (FEV1), FEV1/FVC ratio, and
forced mid-expiratory flow rate (FEF) (FEF
25-75%) parameters. Further, vital capacity
(VC), expiratory reserve volume, residual
volume (RV), and functional residual capac-
ity (FRC) were measured by the nitrogen
washout technique. Parameters such as
total lung capacity (TLC), the ratio RV/TLC,
and inspiratory capacity evaluated lung vol-
umes. FVC >80% was considered normal.
We found increased FVC in the first phase of
interstitial pulmonary disease. However, the
pathological values of increased FVC had no
threshold values mentioned. We used the
FEV1/FVC ratio to determine obstructive
pulmonary disease. The study had no cut-
off values for the pathological threshold of
FEV1/FVC ratio, while the values above 70%
were considered normal.

Next, we used diffusing capacity of the lungs
for carbon monoxide (DLCO) to determine
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gas exchange measurements. The values of
80-140% were considered normal, while
DLCO >140% was associated with asthma,
polycythemia, alveolar hemorrhage, and
congestive heart failure.

We calculated alveolar volume (VA) and the
corrected value of DLCO (DLCO/VA) by uti-
lizing VA and diffusing capacity (DL) ad-
justed for lung volumes (DL/VA). The FEV1,
FEV1/FVC ratio, FEF 25-75%, RV, and
RV/TLC were utilized for obstructive pathol-
ogy, whereas VC and TLC were used to de-
termine the restrictive disorder. Using
equations, we calculated the predicted val-
ues from a reference population of non-
smokers with age and height (8). The
predicted value percentage was calculated
by dividing the obtained predicted value by
the raw value. Pulmonary function tests
(PFTs) were evaluated by a single pul-
monary disease specialist blinded to the pa-
tient’s characteristics (Sait Karakurt).

Basal GH (in the
morning), nadir GH (the lowest GH achieved
during the 2-h oral glucose tolerance test),
and IGF-1 levels were measured. In
acromegaly patients, we considered the dis-
ease controlled when nadir GH levels were
below 1 ng/dL (1 pg/L), and the age-related
IGF-1 was at a normal level; whereas, we
considered the disease uncontrolled when
nadir GH level was equal to or above 1 ng/dL
(1 pg/L), and the elevated serum IGF-1 level
was above the normal.

We studied GH and IGF-I levels in the pa-
tients by a chemiluminescent immunomet-
ric assay (IMMULITE2000, Siemens, USA).
The calculated intra-assay and inter-assay
variation coefficients were 3.5-4.2% and
6.5-6.6%, respectively.

Serum CML levels were evaluated with the
enzyme-linked immunosorbent  assay
method. The CML kit had a value range of
20-3,000 ng/mL, while its sensitivity was
10.03 ng/mL. The intra-study and inter-
study variability coefficients for the sensitiv-
ity concentration were 8% and 10%,
respectively (Bioassay Technology Labora-
tory, E1413Hu, Shanghai, China).

We used high-performance liquid chro-
matography to evaluate serum hemoglobin
Alc (HbA1lc) levels. Also, the serum glu-
cose levels were measured by the hexoki-

nase method (Cobas 8000 Modular Analyt-
ics, Roche Diagnostics, Germany).

We used the SPSS (version 22.0, Chicago,
IL) statistical package for Windows. Accord-
ing to the data distribution for the numerical
variables’ comparison between two groups,
we chose the Student’s t-test and Mann-
Whitney U for statistical analysis. Either the
Pearson’s or Spearman’s test was used for
correlation analysis. In addition, the chi-
square test was used for determining asso-
ciations between the categorical variables. p
values lower than 0.05 are statistically sig-
nificant.

Demographic characteristics and biochemi-
cal test results of the subjects are listed in
Table 1. The two groups had similar age,
BMI, smoking status, and sex of the sub-
jects. Mean values for basal GH (p=<0.01),
nadir GH (p=<0.01), IGF-1 (p=<0.01), glu-
cose (p=0.04), and HbAlc (p=0.02) were
higher in acromegaly group than in control
group. Serum CML levels were higher in
the acromegaly group (208.1+80 ng/mL)
than in the control group (174.2%11
ng/mL) (p=0.02). Table 2 illustrates the
comparison of PFTs between the acrome-
galic patients and controls. The obstructive
parameters; predicted % of FEV1
(p=0.01), FRC (p=0.007), RV (p=0.037),
and restrictive parameters; and predicted
% of FVC (p=0.007) and TLC (p=0.01)
were significantly higher in acromegalic pa-
tients than in controls. Although acrome-
galic patients had lower diffusion
parameters, DLCO was significantly higher
in acromegalic patients than in controls
(p=0.02).

Although a positive correlation existed either
in serum CML levels or HbAlc levels
(r=0.53, p=0.02), there was no significant
correlation with basal GH level (r=0.35
p=0.06). In the study, serum CML levels
were not associated with fasting plasma glu-
cose, nadir GH, IGF-1, BMI, or any PFTs.
Moreover, IGF-1, nadir GH, and basal GH
levels showed positive correlations with ob-
structive and restrictive parameters of the
PFTs (Table 3).
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Acromegalic patients (n=65) Control group (n=52) p value

Age (year) 44.75+10.81 46.46+10.32 NS
Female/male (%) 28/37 (43.1/56.9) 23/29 (44.2/55.7) NS
Smoker/nonsmoker (%) 13/49 (21/79) 10/25 (28.6/71.4) NS
BMI (kg/m2) 29.77+4.2 28.95+4.51 NS
SBP* (mmHg) 127.05+19.92 126.41+17.63 NS
DBP** (mmHg) 79.76+£12.29 79.30+13.78 NS
Type 2 diabetes (%) 18 (27.7) 13 (25) 0.03
Hypertension (%) 28 (43.1) 0 (0) 0.03
Somatostatin analogue treatment (%) 41 (63.1) -

Disease duration (month) 66.23+£65.96 -

Basal GH {ng/dL) 8.6+10 0.2+0.1 <0.01
Nadir GH (ng/dL) 5.97+15.31 0.10+0.11 <0.01
IGF-1 (ng/dL) 394.26+253.27 122.25+44.91 <0.01
Fasting glucose (mg/dL) 91.03+13.15 84.26+11.65 0.04
HbAlc (%) 5.56+0.82 5.22+0.67 0.02
CML (ng/mL) 208.1+80 174.2+11 0.02

NS: Not significant; BMI: Body mass index; *SBP: Systolic blood pressure; **DBP: Diastolic blood pressure; GH: Growth hormone;
IGF-1: Insulin-like growth factor-1; HbA1c: Hemoglobin Alc; CML: Serum carboxymethyl-lysine.

Acromegalic patients (n=61) Healthy controls (n=37) p value
Obstruction parameters
FEV1/FVC (%) 79.77+£6.12 79.40+6.71 NS
FEV1 predicted % 115.36+1.47 106.02+15.59 0.01
FEF 25-75 (L/min) 3.42+1.55 3.92+1.55 NS
FEF 25-75 predicted % 101.47+35.62 90.97+29.15 NS
FRC predicted % 160.67+66.46 136.71+£36.23 0.03
RV predicted % 180.84+87.92 151.40+42.58 0.037
Restriction parameters
FVC predicted % 120.72+18.04 110.94+15.58 0.007
TLC predicted % 137.89+31.62 122.40+19.98 0.01
Gas exchange (diffusion) parameters
RV/TLC 40.27+11.75 39+7.34 NS
DLCO 144.50+31.90 133.40+43.00 0.02
DLCO/VA predicted % 115.56+21.89 121.64+28.74 NS
VA predicted % 123.98+30.55 109.78+19.81 0.007

NS: Not significant; FEV1: Forced expiratory volume in the 1st second; FVC: Forced vital capacity; FEF: Forced mid-expiratory flow
rate; FRC: Functional residual capacity; RV: Residual volume; TLC: Total lung capacity; DLCO: Diffusing capacity of the lungs for
carbon monoxide; VA: Alveolar volume.

been the most prominent lung function alter-
ation in acromegalic patients. Moreover, nadir
GH, basal GH, and IGF-1 levels have shown
positive correlations with the lung volume pa-
rameters and DLCO of acromegalic patients.

This study shows the serum CML levels to be
higher in acromegaly patients than in con-
trols and not associated with the patients’
lung volumes. Increased lung volumes have
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PFT parameters
FVC

FVC predicted %
FEV1

FEV1 predicted %
VvC

VC predicted %
RV predicted %

Nadir GH

r=0.293 p<0.005

r=0.245 p<0.05

r=0.344 p<0.005
r=0.323 p<0.05

IGF-1
r=0.280 p<0.05
r=0.303 p<0.05
r=0.244 p<0.05

r=0.238 p<0.05
r=0.312 p<0.005
r=0.327 p<0.005

FRC

TLC

TLC predicted %
DLCO

DLCO predicted %
Serum CML (ng/mL)

r=0.302 p<0.005

r=0.208 p<0.05
r=0.35 p=0.06

r=0.252 p<0.05
r=0.234 p<0.05
r=0.344 p<0.005
r=0.250 p<0.05
r=0.297 p<0.005

NS: Not significant; FEV1: Forced expiratory volume in the 1%t second; FVC: Forced vital capacity; FEF: Forced mid-expiratory flow
rate; FRC: Functional residual capacity; RV: Residual volume; TLC: Total lung capacity; DLCO: Diffusing capacity of the lungs for

carbon monoxide; VA: Alveolar volume.

Large lung volumes in acromegalic patients
were first reported by Cushing in 1927, in
an autopsy series of four patients (9). Pre-
vious studies have shown increased lung
volumes in acromegalic patients. However,
their results cannot be considered definite
due to the limited number of patients and
lack of control groups. Therefore, such pre-
vious studies related to the lung function of
acromegalic patients, with a small number
of patients and the absence of a matched
control groups, are of less significance.

Two previous studies with a small number of
patients and without control groups demon-
strated an increased lung volume in acrome-
galic male patients (10,11). Three other
small studies without control groups have
demonstrated an increased lung volume in
gender-independent acromegalic patients
(12,13,14). A small controlled study showed
higher VC% and TLC% in acromegalic males
than healthy subjects (15). However, these
studies suggest that the increased lung vol-
umes of acromegaly patients are associated
with increased alveolar size rather than the
alveolar number (15). In contrast, two small
studies had demonstrated no increase in
lung volumes (16,17). Nonetheless, a
prospective study shows that increased lung
volumes in acromegalic patients with active
disease decreased after six months of ther-

apy (18).

We lack adequate data to reveal the causes
of increased lung volumes in acromegalic
patients. The parameters such as lung com-
pliance, transpulmonary pressure, and pul-
monary muscle strength compliance were
evaluated in some previous studies; how-
ever, we have not evaluated these parame-
ters in our study. DLCO is a predictor of
diffusion capacity and was elevated in the
acromegaly group of this study. However,
the lung volume adjusted diffusion parame-
ter, i.e., DLCO/VA, was similar in both
groups. Ventilation-perfusion match plays a
more significant role in determining the
DLCO than the diffusion itself; thus, the
changes in alveolar volume affect DLCO.
Moreover, increased volume reflecting high
alveolar mass may increase the DLCO value
that may be corrected with the Krogh con-
stant (DLCO/VA). In this study, the similar
Krogh constant in both groups suggests that
an increased DLCO increased the lung vol-
ume rather than increasing the actual DLCO.
This suggestion is further supported by the
increased VA in acromegalic patients. Since
CO used in measuring diffusion capacity has
a very high affinity for hemoglobin (Hb), the
diffusion capacity is affected by Hb value.
Thus, we have adjusted the diffusion pa-
rameters for Hb values. Only a few studies
have evaluated the DLCO, while it was ex-
pected in a majority of them. A single study
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has reported decreased Krogh constant,
while all other studies have reported the
usual Krogh constant (11,12,15,18). An-
other study demonstrates that despite in-
creased lung volumes, the DLCO and
DLCO/VA were normal, and lung volumes
decreased after therapy. At the same time,
unchanged diffusion capacity suggests the
reversibility of lung volumes.

Authors of previous studies have hypothe-
sized that an increased alveolar size instead
of an increased alveolar number was the pri-
mary cause of the enlarged lung volume in
acromegaly patients (18). This study
showed a positive correlation of GH and IGF-
1 levels with some of the lung volume pa-
rameters. Moreover, the levels of DLCO and
VA had increased more in acromegaly pa-
tients than in controls, but the two groups
had no difference between their DLCO/VA
values. These similar DLCO values corrected
to VA proved that an increase in diffusion
area results in high DLCO. Increased lung
volumes were the most prominent lung
function alteration in acromegalic patients of
this study. Subsequently, a positive correla-
tion of IGF-1, nadir GH, and basal GH levels
with the lung volume parameters and DLCO
in this study suggests that the elevated IGF-
1 and GH levels are responsible for the in-
creased lung volumes of the patients.
Although increased lung volumes might
have resulted from general organomegaly
due to the increased GH and IGF-1 levels,
this relationship has not yet been shown in
our study. Only two studies investigated this
association, but both failed to demonstrate
the relationship (11,18). Our cross-sectional
study is superior in terms of the number of
patients. Studies have shown decreased
lung volumes in GH deficient patients
(19,20) and improved lung volumes after 12
months of GH therapy (19). Correlation
analysis in this study suggests the role of el-
evated GH and IGF-1 levels in the patho-
genesis of increased Ilung volumes.
Nevertheless, more prospective follow-up
studies after specific treatments are needed
to confirm the issues suggested for the
pathogenesis of increased lung volumes.
We have found that diffusion capacity in-
creased in acromegalic patients, while it was
similar between the two groups after ad-
justed for increased lung volumes. More-

over, this study has shown that the serum
CML level was higher in acromegaly patients
than in controls. The elevated levels of CML
could be attributed to the high levels of
HbA1lc in acromegalic patients of the study;
however, more extensive and detailed stud-
ies are needed to confirm the positive cor-
relation between the serum CML and basal
GH levels. In acromegaly patients, AGEs in-
creased without an association with PFTs.
Since this is a cross-sectional study, we can-
not reach a cause-and-effect relation. In the
study, the majority of the patients under so-
matostatin analog treatment might have af-
fected these results.

In acromegaly patients, the increased serum
CML levels did not correlate with the PFTs
results. Increased lung volume was the
most prominent lung function alteration in
acromegalic patients and was associated
with elevated GH and IGF-1 levels. Further
studies are required to evaluate the associ-
ation between the AGEs and acromegaly
complications.
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