The lognormal age-of-onset distribution in Perthes disease: An analysis of 992 cases.

Abstract

Aims and Objective: It has been proposed that the age-of-onset of Perthes disease follows a lognormal distribution, which is important for considering aetiological determinants, and validating the adequacy of epidemiological studies. This study tested conformity to the distribution, and considered the effect of sex, laterality and geography on age-of-onset.

Methods: Cases were identified from the Merseyside Perthes Register, between 1976 and 2010. Conformity to a lognormal distribution was tested with chi-squared test of normality and the Shapiro Wilk test.  Stratification was conducted by sex, laterality and geographical area in order to identify differences in the age-of-onset distributions.

Results: 992 cases of Perthes disease were considered, of which 673 arose from a geographically defined region. The age-of-onset demonstrated a marked positive skew, which fitted well to a lognormal distribution, especially so within the defined geographic region thereby minimizing data truncation. Disease onset was 6-months earlier in females (p=0.01), and 1-year earlier in those who go onto develop bilateral disease (p<0.001). There was no difference in the age-of-onset between geographic regions with differing incidence rates.

Conclusion: The age-of-onset in Perthes disease conforms well to a log-normal model, which both allows comparisons to infectious disease epidemiology, and allows validation of epidemiological studies. Premature onset amongst females and those who develop bilateral disease, may offer clues in understanding the aetiological determinant of disease.

The lognormal age-of-onset distribution in Perthes disease An analysis of 992 cases.

Background
Perthes disease is an idiopathic avascular necrosis of the femoral head in children, and a common precursor to hip osteoarthritis in young adults. The disease aetiology, determinants and mechanism are unknown. Perthes disease typically occurs in boys between 4 and 8 years old. The age-of-onset demonstrates a positive skew, such that the mode of disease onset is around 5 years old, and mean around 6 years old.  Transformation of the data suggests that the age-of-onset follows a lognormal distribution 1,2. 
Lognormal distributions are unusual in chronic disease, and their occurrence is more typically related to incubation periods seen in infectious disease epidemiology 3,4. Criticism has been drawn concerning the validity of the lognormal distribution in Perthes disease age-of-onset, and the statistical methods employed 5.  It therefore remains uncertain if a lognormal distribution is the correct approximation in Perthes disease. 
Understanding the statistical validity of a lognormal distribution in Perthes disease is useful, both to consider the age-of-onset as an ‘incubation-period’, and in order to act as a tool for externally validating the results of epidemiological studies.  Considering the age-of-onset as an ‘incubation-period’ will facilitate greater understanding to the timing of an ‘insult’ and the nature of aetiological determinant(s)
Using the Liverpool Perthes Disease Register we consider the age-of-onset distribution, and it’s fit to a lognormal model, with reference to sex, laterality of disease and region of residence.

Methods
The Liverpool Perthes Register
The Liverpool Perthes disease register is the largest series of Perthes disease cases, commencing in 1976. The methods underpinning the register have been described previously6. It is a register of incident cases maintained at Alder Hey Childen’s Hospital, Liverpool, UK. Information collated for each case includes date of birth, date at disease onset (defined by first radiographic diagnosis of disease), laterality of disease, sex and area of residence. 
The date of disease onset is recorded as a month and year. All cases were therefore assumed to be incident of the 15th day of the month, to allow the calculation of age of disease onset (in days). 
Analysis
Data analysis was conducted using Stata 10.0. The age-of-onset distributions were explored and tested for fit to the lognormal model using the chi-squared test of normality and the Shapiro Wilk test. Analysis was conducted for the entire dataset (i.e. tertiary and quaternary referrals) and for the area exclusively supplied by Alder Hey hospital (Liverpool, Sefton and Knowsley) (i.e. tertiary referrals). 
Subgroup analyses of laterality, sex and region of diagnosis were undertaken, using parametric tests following data transformation. Comparisons were made using oneway ANOVA, with the Bonferroni correction.
Tests of normality are based on the null hypothesis that the dataset follows a normal distribution. A test of a normality for which p<0.05 therefore indicates that the alternative hypothesis is accepted (i.e. the data does not appear to follow a normal distribution).


Results
1082 cases of Perthes disease were recorded within the register to December 2010. 682 of these cases arose from a geographical defined area that Alder Hey Hospital was the sole provider of paediatric orthopaedic services (Liverpool, Sefton and Knowsley). Within the register, 90 cases did not have a clear date of onset – largely as a result of the child been referred for quaternary care of established disease. Such cases were excluded. Of those arising within Liverpool, Sefton and Knowsley, in only nine of the 682 cases was the date of onset absent or ambiguous, and similarly excluded. 
992 cases were available for inclusion. The mean onset of disease was 2260 days (6.2 years), median 2135 days (5.8 years) and mode 1834 years (5.02 years). This therefore corresponds to a distribution with a positive skew (skewness 0.92).

Testing Lognormality 
Visually the entire dataset fitted well to a lognormal model (Fig A, B). Statistically this was significant using chi-squared test of normality at the 5% level (p = 0.10), yet not using Shapiro Wilk test (p = 0.01). 
Examining those patients from the area exclusively served by Alder Hey hospital (n=673) revealed significant results, using both chi-squared (p = 0.16) and Shapiro Wilk (p = 0.08) tests of normality.

Fig A – Histogram of the age-of-onset distribution of cases of Perthes disease (days). 
[image: ]
Fig B – Histogram of Logarithmic transformation of age-of-onset of Perthes disease, with a fitted curve. 
[image: ]


Male vs. Female Age of Onset
Female onset was almost 6 months before males (p=0.01). Table 1. 
	Sex
	Cases
	Mean Ln
(Age of Onset)
	Age of Onset
(Years)

	Female

	167
	7.59
	5.40 (5.10 – 5.70)

	Male
	825
	7.67
	5.85 (5.69 – 5.99)



Side of Disease 
There was no significant difference between the age of onset of right and left disease (p=0.35), yet bilateral disease had a disease onset approximately 1 year earlier than either left or right disease (p<0.001). Illustrated in Fig C. 
	Sex
	Cases
	Mean Log Age of Onset
(Days)
	Age of Onset using logarithmic mean (Years)

	Right

	457
	7.69 (7.66 – 7.73)
	6.00  (5.81 – 6.20)

	Left

	389
	7.65 (7.61 – 7.69)
	5.77 (5.55 – 5.98)

	Bilateral
	122
	7.49 (7.42 – 7.56)
	4.90 (4.56 - 5.26)


* In 24 cases the side of disease was not recorded. 

Fig C – Stacked histograms of Ln(Age of Onset) of Perthes disease by laterality of disease, with fitted normal-density plot. 
[image: ]

Region of Residence 
There was no statistically significant change in the age of onset of disease between regions within Merseyside (Liverpool vs. Sefton: p=0.40, Liverpool vs. Knowsley p=1.0, Sefton vs. Knowsley p=1.0).  		
	Period
	Cases
	Mean Ln
(Age of Onset)
	Age of Onset
(Years)

	Liverpool

	379
	7.65
	5.74

	Sefton

	146
	7.64
	5.44

	Knowsley
	148
	7.63
	5.66




Discussion
The Liverpool Perthes Register demonstrates conformity of the dataset to a lognormal distribution. It also demonstrates a significantly earlier onset in disease amongst girls and amongst children who progress to bilateral disease. No age of onset difference was identified between the three geographical regions studies. 
Sartwell first demonstrated that infectious disease incubation periods follow a lognormal distribution 7 – such graphic representations are now often referred to as ‘Sartwell curves’.  In infectious diseases this distribution exists when a disease arises from a point-source outbreak (i.e. episode of food poisoning), yet it is not present in broad ill-defined infective outbreaks (e.g. water borne thypoid).  Sartwell suggested that chronic diseases may similarly follow such patterns, which may offer insight into the ‘incubation-period’, and hence the timing of the aetiological insult 8.  The suggestion is that the incubation period of a chronic disease begins at the time of exposure to a pathogen (be it environmental or genetic), and ends at the point of disease onset. If the exposure is in-utero then the incubation period is the summation of the gestational period following exposure, and the age of disease onset. 
A number of chronic diseases have been investigated using Sartwell’s model. The age of onset of diseases with a recognised genetic biochemical abnormality conform well to the model (e.g. Wilson’s disease, cystinurea and Hartnup disease), whereas those diseases known to have a multifactorial aetiology (e.g systemic lupus erythematosus, idiopathic hypoparathyroidism and sudden infant death syndrome) do not 9. Diseases with a defined environmental trigger similarly conform; such as occupational lung cancer and pancytopenia following chloramphenicol exposure 10. Interestingly, an investigation comparing the age-of-onset distribution of acute lymphoblastic leukaemia following intrauterine radiation (point source exposure) and idiopathic disease (unknown exposure time), demonstrated that only the former followed a lognormal distribution 10.
Criticism has been leveled against the use of Sartwell curves in chronic disease 5. The plausibility has been questioned as it is believed that infectious disease conforms to this model through replication of infectious agents (bacteria/ virus), with disease presentation at a threshold. It may be argued that neoplastic disease may be modeled in a similar way through the accrual of malignant cells, yet the mechanism by which other diseases, including Perthes disease, may reflect such a model is unclear. Other criticisms concern the truncation of data, or shifts within populations which, it is argued, may artificially produce the appearance of a lognormal distribution. The statistical test used have also been criticized as the chi-squared tests of normality is usually used in preference to more powerful tests i.e. Shapiro Wilk. This analysis has therefore defined a clear geographic region (Liverpool/ Sefton and Knowsley) in order to limit data truncation, and has used the more powerful Shapiro Wilk statistic. We accept that the biological plausibility of the lognormal assumption in Perthes disease remains questionable, yet we provide clear graphic and statistical evidence that this distribution exists in a large geographically defined case series. 
The earliest case of Perthes disease within our dataset was 2.0 years old – a figure similarly identified by Hall and Barker 1. Applying Sartwell’s ideas to chronic disease epidemiology therefore supports the notion that the aetiological trigger in Perthes disease acts before 2 years old, and suggests that there may be a single vulnerable period during which the aetiological trigger acts – to replicate a ‘point source’ exposure. It is however unclear whether such an ‘exposure’ acts prenatally, or postnatally. It is increasingly apparent that there is a very strong association between Perthes disease and deprivation 11E-13, and therefore it appears unlikely that there is a significant genetic component of disease. 
[bookmark: _GoBack]Other observers have speculated that the age distribution of Perthes disease may differ with respect to sex and laterality, but have been unable to confirm observations statistically 14E-16. Our data statistically confirms that the disease onset is younger in females and in cases of bilateral disease. Others have suggested that the age of disease onset is lower in areas of greater disease incidence 17. It has previously been demonstrated within Merseyside, that the geographical disease distribution varies considerably, with annual incidence rates of around 10 per 100,000 0 -14 years olds within Liverpool and Knowsley and 5 per 100,000 in Sefton 11,13. No difference in the age-of-onset could be identified between these areas, despite the marked difference in incidence. It is unclear why those with bilateral disease, and girls may be affected earlier. It is predominantly a disease of males, therefore it may postulated that girls have a innate resistance to disease and therefore require a greater ‘dose’ of exposure to precipitate disease, which similarly may be the case in those with bilateral disease, with a consequent reduction in the age-of-onset – though ‘incubation’ is typically independent of dose 5,10.  MENTION INDIA HAS A HIGHER AGE OF DISEASE.
This study therefore demonstrates that the lognormal distribution is an appropriate model of Perthes disease age-of-onset, and this may have wider implications for understanding the disease aetiology. This relationship is also be important in validating the appropriateness of Perthes disease datasets. Similar studies concerning the age and gender distribution of childhood malignancy have provided important epidemiological clues regarding their aetiology and pathogenesis, and it is hoped that similar successes may be achieved in understanding of Perthes disease.
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