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Investigation to explore the effects of height, gender and airway restriction on clinically used lung function methods. 
Introduction:
	A number of clinical measurements have been designed to in order to detect respiratory abnormalities. It is important to note the effects of the variables of height and gender in order to gain an understanding of the natural (healthy) variation in the normal population where differences are not indicative of an abnormality. In addition the use of simulated airway obstruction allows us to observe and replicate the expected effects of respiratory deficiency and provides us with a standard for comparison to aid diagnosis of certain airway abnormalities. 
Aim:
	To explore the factors which affect lung function measurements used clinically to determine respiratory abnormalities. 
Objectives:
	To illustrate the impact of height, gender and simulated airway obstruction on the clinically used measurements of Forced Vital Capacity (FVC) and Forced Expired Volume in 1 second (FEV1). A further objective was to display the influence of height, gender and simulated airway obstruction for the diagnosis of respiratory insufficiency. 
Hypotheses:
The following hypotheses were decided upon for the subsequent experiments:
Hypothesis (1i): as height increases so will FVC.
Null hypothesis (1i): height will have no positive correlation with FVC.
Hypothesis (1ii): males will have a higher FVC than females.
Null Hypothesis (1ii): there will be no difference between the FVCs of males and females.
Hypothesis (2i): as height increases FEV1/FVC will decrease.
Null hypothesis (2i): as height increases, FEV1/FVC will also increase.
Hypothesis (2ii): males will have a lower FEV1/FVC than females.
Hypothesis (2ii): the FEV1/FVC will show no difference between genders.
Hypothesis (3):  as bung bore diameter decreases so will FVC.
Null Hypothesis (3): as bung bore diameter decreases, FVC will show no change or will increase.
Hypothesis (4): as bung bore diameter decreases, FEV1/FVC will also decrease.
Null Hypothesis (4): as bung bore diameter decreases, FEV1/FVC will show no change or will increase.

Methods:
	For full methodology see Appendix A.



Results:
 (
The table to the left contains the minimum and maximum heights (cm) and FVCs of a class of students and was used to create Figure 1.2 below using linear regression using the equations displayed on the graph.
)Figure 1.1 The effect of height (cm) and gender on FVC (L):
	
	Height (cm)
	FVC (L)

	
	Male
	Female
	Male
	Female

	Minimum
	165
	158
	2.7775
	2.9618

	Maximum
	195
	177
	5.8885
	3.5166



 (
Fig 2.1
 contains the minimum and maximum heights (cm) and ratio of FEV in 1 second/FVC of a healthy sample and was used to create 
Fig 2.2
 below via linear regression using the displayed equations.
)Figure 1.2 displays a positive correlation between height (cm) and FVC (L). The line displaying the trendline for males is steeper than that of females, showing that male FVC is in general higher than female FVC even at the same height.
Figure 2.1 The effect of height (cm) and gender on FEV1/FVC (L):				
	
	Height (cm)
	FEV1/FVC (L)

	
	Male
	Female
	Male
	Female

	Minimum
	165
	158
	1.4492
	2.112

	Maximum
	195
	177
	1.5032
	2.1861




Figure 2.2 shows a very slight positive correlation between height (cm) and FEV1/FVC, the female ratio appearing to be much higher than that of males.
 (
Figure 3 shows the general trend that as bung bore diameter decreases, so does FEV
1
. The curve displayed on Figure 3.2 is steepest from 6.3mm to 10mm. This indicates that airway restrictions in this range of diameter have a higher negative effect on FEV
1
 and therefore respiration.
)Figure 3.1 The effect of simulated airway obstruction on FEV1.
	Bore Diameter (mm)
	FEV1

	15
	2.841

	14.1
	2.782

	10
	2.717

	8.2
	2.467

	6.3
	2.103



Figure 4.1 The effect of simulated airway obstruction on the ratio of FEV1/FVC.
	Bore Size (mm)
	FEV1/FVC

	15
	0.964

	14.1
	0.951

	10
	0.936

	8.2
	0.881

	6.3
	0.882


 (
Figure 4 illustrates that as bung bore diameter decreases in size the ratio of FEV
1
/FVC also decreases
. However, a straight curve is not produced; the curve is flat from a bung bore diameter of 6.3 to 8.2mm. From 8.2mm there is a sharp increase and then the curve flattens again. 
)

For full raw data see Appendix A.
Discussion:
From Figure 1 it can be observed that for both the male and female data there was a positive correlation between FVC (L) and Height (cm). Hence, the findings shown in Figure 1 signify that hypothesis 1i can be accepted.  With respect to Figure 2, both male and female show slight positive correlation. Therefore the null hypothesis 2i must be accepted, as this chosen sample does not follow the expected trend. One would expect a downward trend as when an individual increases in height; the lungs will also increase in size. This would lead to an increase in airway diameter and the FVC becoming larger than the FEV1. Hence the ratio should, in theory at least, decrease. A possible reason for the unexpected trend is that of participant compliance. The breathing displayed by the sample was different to normal breathing; the individuals may have become competitive and therefore tried with more effort against the narrowing bung bore diameter, leading to a slightly increased FEV1/FVC. 
Regarding the effect of gender in both Figure 1 and 2, males (even of the same height as females) have a higher FVC (L) than females, leading to a lower FEV1/FVC ratio for males, therefore hypotheses 1ii and 2ii can be accepted. One reason for the lower FVC of females could be lesser compliance in the lungs of females during inspiration. The lower compliance seen could be due to the effect of restrictive clothes (such as bras) or simply the weight of breasts limiting how much the lungs are able to inflate. One confounding variable is therefore the weight of breasts. The lower FVC results in a higher FEV1/FVC, thus, female FEV1/FVC is higher than males.
In Figure 3 it can be observed that the largest difference to FEV1 occurs below 10mm and that the curve significantly flattens after this point, showing  that airway obstructions with diameters of more than 10mm are sufficient for normal breathing whereas below 10mm poses a significant hindrance to respiration. In real application, the data could be used as a standard with which to calculate airway obstruction by noting a patient’s FEV1 and relating that to an expected bung bore diameter. 
In Figure 4, the found FEV1/FVC for a bung bore diameter of 14.1mm is apparently anomalous as it does not fit in with the line of the curve, this may be due to aberrant breathing for that reading. However, when one also looks at Figure 3 it could just be (and it is likely) that the curve flattens at a diameter of 6.3mm to 8.2mm because diameters lower than 8.2mm are maximally restrictive and so FEV1/FVC does not decrease any further. The ‘s’ shaped curve produced in Figure 4.2 reflects the narrow range of diameters which make a large change to FEV1/FVC.
 Concerning Figures 3&4, both experiments show that when bore bung diameter is decreased, both FEV 1 and FEV1/FVC also decrease. A suggested reason for this is that the lower diameter produces increased resistance. The results of these experiments follow the expected trend and so hypotheses 3 and 4 can both be accepted. As the data for Figures 3 and 4 were collected from just one individual and so the results are less reliable as there is no point of comparison for the exposure of anomalies. However, the patterns displayed are consistent with the predicted trends. 
Conclusion:
	In summation, both height and gender have a strong effect on FVC (L) and FEV1/FVC, meaning that in clinical measurements these should be taken into consideration. The data collected in Figures 1 and 2 can be used to observe to normal variation across a healthy population.  In addition it can be concluded that the effect of airway obstruction was mimicked and recorded with its implications in clinically used lung measurements considered. 
Fig. 1.2 The Effect of Height (cm) and Gender on FVC (L)
Male	Equation for male trendline:
y = 0.1037x - 14.333
165	195	2.7774999999999999	5.8884999999999996	Female	Equation for female trendline:
y = 0.0292x - 1.6518
158	177	2.9617999999999998	3.5165999999999982	Height (cm)
Forced Vital Capacity (L)
Fig 2.2 The effect of height (cm) and gender on FEV1/FVC (L)
Male	Equation for male trendline:
y = 0.0018x + 1.1522
165	195	1.4491999999999992	1.5031999999999992	Female	Equation for female trendline:
y = 0.0039x + 1.4958
158	177	2.1119999999999997	2.1861000000000002	Height (cm)
FEV1/FVC (L)
Fig 3.2 The effect of simulated airway obstruction on FEV1. 
FEV1	15	14.1	10	8.2000000000000011	6.3	2.8409999999999997	2.782	2.7170000000000001	2.4670000000000001	2.1030000000000002	Bung bore diameter (mm)
FEV1 (L)
Fig 4.2 The effect of simulated airway obstruction on the ratio of FEV1/FVC.
FEV1/FVC	15	14.1	10	8.2000000000000011	6.3	0.96400000000000041	0.9510000000000004	0.93600000000000005	0.88100000000000001	0.88200000000000001	Bore Bung Diameter (mm)
FEV1/FVC (L)
