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Introduction

Cystic Fibrosis-Related Diabetes (CFRD) occurs in up to 
40% of the CF population and the prevalence increases 
with age [1,2]. There are a number of theories behind the 
pathogenesis of CFRD. A possible mechanism is secondary to 
the defective sodium and chloride channels leading to viscous 
secretions and fatty deposition within the pancreatic ducts [3]. 
Subsequently there is scarring and damage to the pancreatic 

ductal epithelium leading to dysfunction of the pancreatic 
islet cells and a reduction in insulin secretion. This is associated 
with pancreatic exocrine insufficiency in people with the 
delta F508 genotype [4]. There is also an element of insulin 
resistance in CFRD due to recurrent respiratory infections 
and use of steroid therapy [2]. Evidence has also shown that 
defects in the islet beta cells prior to the clinical development 
of CFRD, suggesting the CFTR mutation may lead to changes 
in pancreatic islet cell development at an early stage [5]. Thus, 
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the condition has similarities to both Type 1 (T1DM) and Type 
2 diabetes mellitus (T2DM) with a combination of insulin 
deficiency and insulin resistance [6,7]. However, unlike T1DM 
there is no clear link with autoimmune pathophysiology [8]. 
The condition is associated with an increased mortality, due 
to an increased catabolic state and recurrent infections due to 
increased inflammation and a decline in the individual’s lung 
function [4,7]. Microvascular complications occur in CFRD, 
with some studies suggesting a prevalence which is similar to 
T1DM [9,10].

Although microvascular changes in the form of nephropathy 
and retinopathy occur in CFRD, there remains a paucity of 
information on neuropathic complications in CFRD [9,10]. This 
remains an under-represented area of research, despite the 
presence of diabetic Cardiac Autonomic Neuropathy (CAN) 
being associated with high morbidity and mortality [11,12]. 
However, there is limited evidence examining the prevalence 
of CAN in the adult CF population. 

Animal studies have demonstrated the presence of the 
CFTR protein channel within neuronal cells [13]. There is also 
evidence of autonomic dysfunction in CF which may be due 
to defects inherent in the CFTR channel mutation [14–16]. This 
suggests autonomic disease may be more prevalent in the 
presence of CF with normal glucose tolerance (CFNGT). It is 
also clear that dysglycemia can lead to microvascular changes 
within the nervous system leading to autonomic neuropathy 
[16]. Proposed mechanisms for the pathophysiology of 
neuropathy in diabetes include advanced glycation end 
products, oxidative damage and changes in neuronal blood 
flow [17]. Changes in heart rate variability are an early clinical 
manifestation of cardiac autonomic neuropathy (CAN) 
[18,19]. The condition has a prevalence of up to 20–40% 
people living with T1DM and T2DM [20,21]. It is possible that 
the combination of people living with CF (pwCF) and the 
presence of dysglycemia may lead to an increased risk of the 
development of CAN. 

We investigated whether the presence of whether CF with 
dysglycemia (CFD) confers a greater risk of development 
of CAN, compared to pwCF and normal glucose tolerance 
(CFNGT), using healthy volunteers as a baseline control group.

Materials and Methods

Participants in the study

Adults with a formal diagnosis of CF based on genetic criteria 
and a positive sweat test were recruited from a population of 
220 individuals attending the All-Wales Adult Cystic Fibrosis 
Centre (AWACFC). The diagnosis of CFD was based on the 75-
gram oral glucose tolerance test followed up by a period of 
capillary glucose monitoring as part of confirmation [22]. We 
assessed baseline clinical characteristics of the individuals 

according to their glycemic status. No individuals were taking 
CFTR modulator therapy, as the study pre-dated the wide 
introduction of these. Healthy volunteers, who were healthcare 
workers based at the AWACFC, were recruited as a control 
group. Patients who had an active infective exacerbation of 
bronchiectasis and pregnant individuals were excluded.

General measurements 

We measured height, weight with a calculated BMI (kg/
m2) and lung function expressed as FEV1% predicted in all 
individuals on the day of the study. Baseline blood pressure 
was measured in all groups with an OMRON cuff. 

Measurement of cardiac autonomic function

Cardiac autonomic function, namely, Heart rate variability 
(HRV) during deep breathing for one minute, change in HRV 
during the Valsalva maneuver and standing, was assessed 
based on the methodology from Ewing and colleagues [23]. 
Heart rate variability during deep breathing was measured 
by electrocardiagraph (ECG) as the mean between the longest 
and shortest R-R interval over 6 breaths in one minute, 
represented as beats per minute (bpm). Valsalva maneuver 
was recorded as the longest R-R interval post maneuver, 
compared with the shortest R-R interval during the maneuver. 
The heart rate response to standing was recorded as a ratio of 
R-R interval on the 30th beat and 15th beat [23].

Deep breathing exercise

In the deep breathing exercise, electrocardiograph electrodes 
were attached to the seated subject and a rhythm strip was 
recorded. After initiating the rhythm strip recording, the study 
participant was asked to breathe in slowly over 5 seconds, the 
start of which was marked on the ECG strip. The participant 
was then asked to breathe out slowly over 5 seconds and 
again, the beginning of this was marked on the rhythm strip. 

The deep breathing cycles were conducted over a duration 
of one minute whence the beginning of each inspiratory and 
expiratory breath was marked. The participant was instructed 
to terminate the deep breathing following one minute of the 
exercise. 

The R-R interval was calculated using a calibrated ruler. The 
heart rate was measured by recording the shortest R-R interval 
of the inspiratory and the longest expiratory component of 
each breathing cycle using a ruler. There were 6 breathing 
cycles within the 1-minute duration of the exercise. 

The difference between the maximum and minimum R-R 
interval in each cycle of breathing was calculated. In total 
there were 6 breathing cycles per participant. The mean of 
the 6 readings based on the difference between maximum 
and minimum heart rate was calculated and represented as 
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beats per minute (beats/min). The R-R interval during deep 
breathing was classified as normal, borderline or abnormal 
depending on the degree of reduction in the interval. This was 
based on the criteria defined by Ewing and colleagues [23].

Valsalva maneuver

An ECG was recorded with the seated participant at rest. A 
device consisting of a piece of rubber tubing was connected 
to a manometer. The other end of the tube was attached to a 
plastic hollow tube from a positive expiratory pressure mask 
(PEP) mask with holes that were covered to assist in generating 
a positive intra-thoracic pressure when the individual blew 
into the device. A viral filter and cardboard mouth-piece were 
attached to the PEP device.

The subject exhaled into the mouth-piece to generate a 
pressure of 40 mmHg on the manometer for 15 seconds. 
If the participant was not able to generate a pressure of 40 
mmHg, then their maximum pressure over that period of time 
was used as a target instead. The beginning and end of the 
procedure was marked with a coloured pen on the rhythm 
strip of the ECG recording. The ECG was recorded for up to 15 
seconds following cessation of the exercise. The exercise was 
repeated a further two times.

The R-R interval was measured using a calibrated ruler. The 
longest R-R interval following the maneuver was divided by 
the shortest R-R interval during the exercise. In patients with 
damage to the ANS, there is a reduction in the ratio in the 
heart rate response to the Valsalva maneuver.

Heart rate response to standing

An ECG monitor recorded the HR and rhythm of the subject 
who was semi-recumbent. The subject was then asked to 
stand up slowly as the HR was recorded for a further 30 
seconds following standing.

The ratio of the longest R-R interval around 30th beat after 
standing with the R-R interval on the 15th beat of standing was 
calculated. This was represented by the 30:15 ratio.

A reduction in the Heart Rate Variability (HRV), as 
demonstrated by the Ewing’s test after changing position, 
represents disturbance of the Parasympathetic Nervous 
System (PNS). Although heart rate variability can be examined 
with the patient supine, a greater difference is seen following 
changes in posture, allowing more accurate interpretation of 
results when investigating autonomic neuropathy [23].

Statistical analysis

R statistical software R version 4.6.3 (2023-03-15) (https://
www.R-project.org/>) and GraphPad Prism were used for 
statistical analysis. Kruskal-Wallis and Mann-Whitney tests 

were used to compare baseline clinical characteristics. 
Multiple linear regression was performed to examine the 
effects of CF status, glycemic status, and BMI, Forced Expiratory 
Volume in one second (FEV1), sex, and heart rate on the three 
parasympathetic function tests. The logarithm of the variable 
measuring the heart rate variability during the three exercises 
was used rather than the untransformed variable to maintain 
normality of the regression residuals. The outcomes of all 
three parasympathetic tests were logged in the regression 
model. An interaction variable between the glycemic status 
and age of participant was created to determine whether 
these combined clinical factors influence HRV in the three 
parasympathetic tests. Healthy volunteers were the baseline 
Healthy Control (HC) group in the analysis.

Results

In this pilot study, 71 adult individuals living with CF, of whom 
46 pwCF had CF dysglycemia (CFRD and CF with impaired 
glucose tolerance analyzed together) were recruited into the 
study. The duration of CFD ranged from 1 to 16 years and four 
individuals had a previous heart/lung transplant. Of these, 
9 were receiving insulin therapy. There were 37 individuals 
who were Delta F508 homozygous, 26 of whom had CFD and 
30 individuals were compound heterozygous for the F508 
mutation, whilst the remainder had an unknown mutation. The 
baseline clinical characteristics are demonstrated in Table 1. 
There were 35 HC who formed the baseline comparison group.

The median HRV during deep breathing was lower in the 
CFD group compared to the CFNGT and HC group (14.75 
vs 17.34, 17.17 respectively), although this did not reach 
statistical significance (p=0.17). The median Valsalva ratio 
was similar between all three groups (1.42, 1.56, 1.40 in the 
CFD, CFNGT and HC respectively (p=0.19). The median ratio 
of the HRV during standing was 1.06, 1.07 and 1.05 between 
all three groups which did not reach statistical significance 
(p=0.89). Figures 1A-1C, is a boxplot which illustrates the 
outcome of the median value of the three different measures 
of parasympathetic tests in the three groups.

A regression model with the log (deep breathing) as the 
outcome variable had an adjusted R squared of 0.62 which 
was significant (P<0.001) (Table 2). In the deep breathing 
exercise, the regression model showed that the presence 
of CFD was not a significant influential factor in HRV in 
deep breathing compared to those with CFNGT (P>0.05) 
as a baseline category. In contrast, there was a significant 
difference between the CFD group and the HC group when 
comparing HRV during deep breathing. With all other variables 
held constant, the presence of dysglycemia was associated 
with a drop in heart rate variability by 22% compared to the 
healthy controls (P<0.05) for a person of 30 years (the average 
age of the sample). For an individual with CFNGT, there 
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Table 1. Clinical characteristics of the CF participants according to their glycemic status.

CFNGT CFD/IGT Healthy volunteers P-value

Number of patients 25 46 35

Male (M): Female (F) 19M:16F 23M:23F 11M:24F

Mean age in years (±SD), Range 27.7 (±7.7)

18–50

29.8 (±10.2)

18–53

34.3 (±8.9) 

22–56

0.009

Mean FEV1 % predicted (±SD), Range 61.6 (±7.7)

18–103

62.9 (±23.7)

16–112

100 (±12.6)

79–125

<0.0001

HbA1c % (Mean mmol/mol ± SD) 5.7%  (39±4.15) 7.4% (57±18.8) <0.001

Mean BMI kg/m2 (±SD) 22.2 (±3.3) 22.9 (±3.9) 23.6 (±2.7) 0.23

The participants with either CFD or Cystic Fibrosis and impaired glucose tolerance (CFIGT) are shown in the column CFRD/IGT (CF dysglycemia). Nine 
individuals had diabetes for more than 10 years. In the dysglycemic group, 8 people were classed as CFIGT and were not on treatment but underwent an 
annual OGTT as part of monitoring. Kruskal Wallis test was used to compare age, FEV1% predicted, and BMI between groups. Mann-Whitney U test was used 
to compare HbA1c between groups. P-values  <0.05 were considered to be statistically significant.

Figure 1. A-C- Box plots illustrating the values of the different parasympathetic tests. A: Heart rate variability in beats per minute during 
deep breathing the dark line indicates median values and black dots indicate individual HRV values, the y axis represents different values. B: 
Ratio of the heart rate response to Valsalva maneuver. Black line indicates median values and Y axis represent individual values. C: The 30:15 
ratio of the heart rate during standing maneuver. The black line indicates the median value and the Y axis indicate individual values.

A

B

C
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was a drop in HRV by 12% compared to a healthy control 
which was not significant (p>0.05) (Table 2). The interaction 
variable between age of individual and glycemic status was 
significant in the deep breathing variable, suggesting an 
inverse relationship between logarithm of HRV and the age of 
a person with CFD (P<0.01) compared to HC. In the CFD group, 

the HRV fell by an estimated additional 2.7% for every extra 
year of age (p<0.01). In contrast, the CFNGT group the HRV 
fell by an estimated additional 2.2% for every extra year of age 
(p>0.05). The change in HRV with age during deep breathing 
exercise is shown in Figure 2.

Deep breathing Variation in 
heart rate Log estimate

Valsalva maneuver (Valsalva ratio) 
Log estimate

Heart rate response to 
standing Log estimate 

Intercept 2.39 *** 0.452 ** 1.022e-01

Age (mean centered) - 0.014 -0.005 -4.264e-03

Sex (female baseline) 0.078 0.138 *** -6.069e-03

BMI -0.018 0.0005 -4.783e-03

Resting heart rate 0.006 -0.002 9.026e-05

FEV 1 0.005 * 0.0001 8.430e-04

CFNGT -0.133 0.008 7.863e-03

CFD -0.250 * 0.022 3.614e-02

Interaction of Age with CFNGT -0.021 0.002 3.844e-03

Interaction of Age with CFD -0.027 ** -0.005 2.181e-03

History of Transplantation -1.252 *** -0.146 -8.138e-02

Adjusted R-squared 0.62 0.33 0.015

Regression F-test
10 and 92 df

F=17.68 

p-value: < 2.2e-16

F=5.935 

p-value: 7.077e-07

F=1.151 

p-value: 0.3343

BMI: Body Mass Index (kg/m2); FEV1: Forced Expiratory Value per one second. P values considered to be statistically significant: * ≤0.05 ** ≤0.01, ***≤0.001, *** 
<0.0001. Healthy controls (HC) were the baseline comparator group in the regression analysis.

Table 2. A log-linear regression analysis with change in HRV during the three tests of parasympathetic function.

Figure 2. A comparison of HRV in deep breathing with age of individual in the three groups. Each of the panels shows a bivariate plot 
of the logarithm of HRV against the age of the individual together with a linear trend. There are pronounced differences between the slopes 
for each of these groups, which implies the interaction between HRV and CFD grouping variable which is taken account of in the regression 
described in Table 2.
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The presence of organ transplantation, and FEV1 were also 
significant influential factors in deep breathing (p<0.001 and 
0.05 respectively). As this was a multiple log-linear multiple 
regression, all other variables in the analysis were controlled, 
thus avoiding the effect of confounding factors. Neither the 
presence of CF dysglycemia or CF status were influential 
variables in the outcomes of the Valsalva maneuver or HRV 
during standing (Table 2). Both regression models for the 
deep breathing test and Valsalva maneuver were significant 
in the adjusted R squared, highlighting the robustness of both 
tests, in contrast to the test examining change in heart rate 
during standing.

A secondary analysis examined the prevalence of adults with 
severe autonomic dysfunction. This was adapted from Ewing’s 
criteria in which the presence of definite parasympathetic 
dysfunction was based on an individual having two or more 
test results within the abnormal range [23]. The group with 
CFD had the highest proportion of people with evidence of 
definite parasympathetic dysfunction (8 out of 46 people), 
with at least two abnormal test results, compared to one 
individual in the CFNGT and HC groups respectively (P=0.06 
based on Fisher’s exact test) (Table 3). 

Discussion

In this cross-sectional study, we found no significant 
difference between the CFD and CFNGT groups in all three 
tests of cardiac autonomic function. In contrast, the presence 
of an organ transplant, and lung function measured as FEV1 
were significant influential factors in the deep breathing 
measurement. This was not the case with HRV during standing 
or when performing Valsalva maneuver. Interestingly, the 
male population appeared to demonstrate a higher Valsalva 
ratio compared to females (Table 2). Overall, our results 
suggest cardiac autonomic function may be more likely to 
be influenced by factors such as organ transplantation and 
an individual’s lung function, primarily in the deep breathing 
measurement. However, we have also demonstrated that 
an individual living with CF who has dysglycemia will have 
a significantly lower HRV in deep breathing, a validated 
measurement of parasympathetic function, compared to HC. 
This effect is also present in CFD populations with increasing 
age.

In contrast to limited evidence in this area, our study has 
undertaken a more detailed assessment of autonomic 
function comparing three populations. The use of a Log-linear 
regression model to adjust for confounding factors contributes 
to the robustness of our results in the different parameters 
used to measure parasympathetic cardiac function. Our results 
suggest dysglycemia in CF may not exert a major influence 
on CAN. Other studies have also noted non-significant trend 
in the prevalence of AN in CFRD, with milder neuropathy 
being predominant, although there was a variation in the 
study populations [9,10]. For example, Schwarzenberg and 
colleagues examined autonomic neuropathy in a subset 
of patients with CFRD only [9]. We noted the presence of 
dysglycemia was associated with more severe forms of CAN 
but this did not reach statistical significance. It is possible 
that the shorter duration of diabetes and early initiation of 
insulin treatment to optimize glycemic control may be a 
reason for the lack of impact on dysglycemia in CAN. Van den 
berg and colleagues compared 79 individuals with CFRD and 
T1DM, in their assessment of microvascular complications 
[10]. Parasympathetic function tests were not assessed due 
to clinical concerns, which has the potential to miss people 
with altered HRV who may be at risk of increasing morbidity 
in the future. Our results have demonstrated the three tests of 
autonomic function can be undertaken in an adult population 
with CF. This may help with future cardiac risk stratification for 
populations living with CF. 

Dysfunction of the autonomic nervous system is associated 
with increased mortality [24,25]. Although we observed a 
significant difference in HRV in the CFD group with dysglycemia 
compared to healthy controls in the deep breathing test but 
not between Valsalva and standing, it has been suggested 
that measurement of deep breathing is a stand-alone 
reliable test for CAN based on Ewing’s criteria [26]. The lack 
of significant findings when comparing the CFD and CFNGT 
group may also reflect the small population size recruited for 
the study. In addition, some individuals developed CFD within 
5 years and thus may not have developed autonomic changes 
within this time, as duration of diabetes has an impact on the 
development of CAN [21]. 

We note several limitations in our study. Although we aimed 
for performance of tests at the same time of day, our study 

Normal or borderline parasympathetic dysfunction Definite parasympathetic dysfunction

CFD 38 (83) 8 (17)

CFNGT 24 (96) 1 (4)

HC 34 (97) 1 (3)

Subject numbers with percentages within each subject group in brackets are shown. (P= 0.06 Fisher’s exact test) CFD, CF dysglycemia; CFNGT, CF with normal 
glucose tolerance; HC, Healthy Controls.

Table 3. Cross tabulation of participant groups and neuropathy status.
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was limited by the time of the day at which assessments could 
be practically performed. Whilst it may be preferable to use 
consistent research setting and times at which the tests are 
undertaken, autonomic testing in controlled and uncontrolled 
conditions have produced similar results [27,28]. In addition, 
the effect of underlying lung disease on performing the 
Valsalva maneuver may have had an impact on the individual’s 
ability to undertake this test, thus underestimating the 
outcome of the test and making it less reliable in this setting. 

In recent years, with improved treatments, life expectancy of 
individuals with CF has increased. Our cross-sectional study 
pre-dated the use of CF modulator therapy, a life-changing 
treatment that has been postulated to have a potential 
beneficial impact on glycemic control [29]. The introduction of 
CFTR modulator therapies, which are potentiators of the CFTR 
channel, may reduce long term diabetes-related comorbidities 
in individuals living with CF due to potential improvements 
in glycemic control. Although there is evidence to suggest 
metabolic syndrome may predominate in relation to CF 
modulators [30]; an improvement in glycemic excursion during 
OGTT following initiation of modulator therapy also occurs 
[31]. Thus, it remains to be seen whether CFTR modulators will 
lead to a reduction in CFD and microvascular changes such as 
CAN in comparison to our pre-CFTR modulator study period.

Parasympathetic impairment that may occur at an earlier 
stage in CF, in contrast to non-CF populations, may become 
an important factor determining cardiovascular health in 
individuals with CF with increased longevity. Although we did 
not demonstrate that dysglycemia has a significant impact 
on parasympathetic dysfunction, there is a trend towards a 
reduction in HRV during deep breathing, which was magnified 
by the age of the individual. This may suggest additional effect 
of dysglycemia in combination with aging and declining 
lung function on certain measures of parasympathetic 
function; however, longitudinal studies are required to 
explore the impact of dysglycemia on the development of 
autonomic neuropathy. It may be that factors such as chronic 
inflammation and organ transplantation may exert a larger 
contribution toward autonomic neuropathy in CF, which 
requires future exploration. With improvements in therapy in 
pwCF, there is a potential to reduce complications such as CFD 
and thus microvascular complications, although this requires 
further exploration. 
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