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Canine intervertebral disc disease is one of the most common neurologic conditions in veterinary medicine but the influence of environmental factors thereon has not been fully investigated. Subjectively, there has been the impression of increased admissions of acute spinal cord injuries due to intervertebral disc extrusion during periods of colder temperatures. In the present retrospective study, the different weather conditions (temperature, precipitation, sunshine, humidity, and atmospheric pressure) during the acute onset of clinical signs and a lag period of 3 days prior to the occurrence of symptoms were analyzed. One-hundred-and-one client owned dogs from the meteorological region of the Lake Geneva were presented to two referral centers during the 6-year (2007–2012) study period. Chondrodystrophic dogs represented 65.3% of our population, with the French Bulldog (19.8%) and Dachshund (17.8%) being the most common breeds. Multivariable logistic regression analysis identified an increased occurrence of intervertebral disc disease during colder temperatures. Our results are congruent with those of human studies which have shown that lower ambient temperatures are associated with more pain and increased risk for muscle injuries. The interplay of endogenous (breed, anatomical characteristics) and exogenous (environmental) factors should be addressed in a larger cohort study.
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INTRODUCTION

Canine intervertebral disc disease (IVDD) is one of the most common neurological conditions and is one of the main focuses of neurosurgical research (1). The various causes of IVDD can be divided into endogenous and exogenous factors. Endogenous influences refer to genetic features of each animal, which then influence their anatomy and configuration. Exogenous aspects are environmental factors, which are very variable and difficult to analyze.

Multiple studies already identified anatomical features as endogenous risk factors. Macroscopic differences in the composition of the vertebral column, vertebral body, and intervertebral disc are important for the occurrence of canine IVDD as well as microscopic and histological differences in these structures (2–6). In addition to anatomical and breed related predispositions, controversy exists on the role of age, sex, body weight, body condition score, muscle mass, and activity in the development of IVDD (7–10). More recent studies identified certain body dimensions (Dachshund) (11), age within different breeds (small breed dogs) (12) and the coat color (Pekingese) as risk factors for the occurrence of neurologic symptoms (13).

Environmental and lifestyle factors have also been investigated previously [e.g., influence of diet (14) and activity (5)]. Further, a recent study in Dachshunds demonstrated that dogs with an increased level of exercise (>30 min per day) and dogs allowed to jump on and off furniture were less likely to develop IVDD (15).

The influence of weather conditions on various diseases (myocardial infarction, urolithiasis, platelet adhesiveness, rheumatism) has already been described extensively in human literature (16–21). In addition, there is a reported seasonal variation in the incidence of gastric dilatation volvulus in military working dogs (22), as well as an association between meteorological changes and episodes of colic in horses (23).

Anecdotally and in the discussion with various clinicians there has been the impression of increased cases of IVDD during periods of colder temperatures. Therefore, the purpose of this study was to investigate the association of weather conditions (temperature, precipitation, humidity, atmospheric pressure, and sunshine duration) with the occurrence of acute IVDD. Our hypothesis was that lower temperatures would be associated with more cases of acute intervertebral disc extrusions.



MATERIALS AND METHODS


Medical Records Review

Medical records of consecutive dogs with IVDD presented to two referral centers between January 1st 2007 and December 31st 2012 were reviewed. Dogs were included in the study if they had a complete medical history with an acute and known onset of clinical signs prior to presentation, a magnetic resonance imaging (MRI) diagnosis consistent of intervertebral disc extrusion and the full work-up including physical and neurological exam was available as well as the client's postal code. The client's domicile had to be within the meteorological region of the Lake Geneva to be included. This zone was chosen for its well-defined area with a homogenous climate and a reasonable population density. Chronic cases (clinical signs for longer than 10 days) and cases with incomplete work-up were excluded from the study.



Data Collection

Signalment including breed, age, sex, and body weight was obtained from the medical record of each dog. Severity of neurologic injury was graded according to the 5-point scale developed by Scott, whereby a score of 1 represented spinal hyperesthesia only and a score of 5 indicated para-/tetraplegia with absence of deep pain sensation (24). The anatomic localization along the spine according to cross-sectional imaging was noted as cervical (C1-C7), thoracic (T1-T10), thoracolumbar (T11-L2), and lumbar (L3-L7). Additionally, the day of onset of the first clinical sings as well as the day of admission to the hospital was recorded and the duration of signs was calculated for each dog. Dogs were included if the period from onset of clinical signs until presentation to one of the institutions was within 10 days.

The Swiss Meteorological Institution (Meteo Schweiz) provided the meteorological data for the defined meteorological area, Lake of Geneva, from the weather station in Nyon-Changins. Data obtained included daily average atmospheric pressure (hPa), daily average temperature (°C), daily total precipitation (mm), daily total sunshine (h), and daily average humidity (%) for each day during the 6 years of the study period.



Statistical Analysis

Patient data were merged with the time series of meteorological data by the date of onset of symptoms (date of insult). A binary variable was created to indicate whether the day in the time series had had a case or not. Logistic regression models were then calculated with this binary variable as the outcome (case yes/no) and each of the weather variables as the explanatory variable. The year and the season were always included as additional explanatory variables. Season was defined as four northern meteorological seasons [spring: March 1 to May 30, summer: June 1 to August 31, autumn: September 1 to November 30, winter: December 1 to February 28 (February 29 in a leap year)]. In order to account for the fact that the weather influence might have been the weather in the previous days to the case, we created additional weather variables shifted 1, 2, or 3 days prior to the insult day. Additional logistic regression models were calculated using the binary case variable as the outcome and the lagged weather variables as the explanatory variables. Several combinations were tested and the simplest most significant model selected as the final model. All analyzes were performed in NCSS Statistical Software12, Version 12.0.10, East Kaysville, Utah, USA.




RESULTS


Dogs

After the initial medical record review, 101 dogs were identified with an acute IVDD from January 1st 2007 through December 31st 2012 from the meteorological region of Lake Geneva. Forty-five (44.6%) dogs were presented to the Kleintierklinik of the University of Bern and 56 (55.4%) dogs to Neurovet in Ecublens. The study population consisted of equal numbers of males (52; 51.5%) and females (49; 48.5%), a median age of 6.2 years (range, 1.2–15.8 years) and body weight of 9.55 kg (range, 2.9–45 kg). Date of birth was not available for two dogs and body weight was absent for one dog. The sample included 20 (19.8%) French Bulldog; 18 (17.8%) Dachshund; 12 (11.9%), mixed breed; 7 (6.9%) Cocker Spaniel; 6 (5.9%) Coton de Tuléar; 4 (4.0%) Bichon frise; 3 (3.0%) each of Jack Russel terrier and Tibet-Spaniel; 2 (2.0%) each of Beagle, Border terrier, German Shepherd, Pyrenean Shepherd, and Yorkshire terrier; and one (1%) each of American Staffordshire terrier, Basset Hound, Bernese Mountain Dog, Border Collie, Chihuahua, Dalmatian, Golden Retriever, Brussels Griffon, Maltese, Pekingese, Pointer, Papillon, Poodle, Rottweiler Sealyham Terrier, Shih-Tzu, and Toy Poodle. According to Smolders et al. (25), 66 (65.3%) of dogs were classified as chondrodystrophic. Given that breeds French Bulldog and Dachshund constitute only ≤1% of the officially recorded dog population living in Switzerland (ANIS, Identitas AG, Bern, Switzerland), these breeds appear to be predisposed to this condition. A mild yearly increase in the number of cases presented was observed over the study period (Table 1).


Table 1. Monthly cases seen over the study period.
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Clinical and Diagnostic Findings

The anatomical localization of the lesion was lumbar in 43 (42.6%), thoracolumbar in 30 (30.0%), thoracic in 21 (20.8%) and cervical in 7 (6.9%) cases. At the time of admission, 40 (39.6%) dogs presented with ambulatory paresis (grade 2), 35 (34.7%) with a non-ambulatory paresis (grade 3), 17 (16.8%) with paralysis with presence of deep pain sensation (grade 4), 6 (5.9%) with only hyperesthesia without neurological deficits (grade 1), and 3 (3.0%) with paralysis with absent deep pain sensation (grade 5). The median time from the onset of clinical sings to presentation was 3 days (range, 0–10).



Weather Conditions

Of all considered environmental variables, only temperature showed a mild but significant effect (Table 2). Days with a case of onset of clinical signs were less likely to occur with increasing temperatures (Odds Ratio ± 95%CI = 0.89 ± 0.80 – 0.90). This is congruent with our hypothesis of an increased occurrence of IVDD during colder days. Interestingly, this effect only appears when adding the lag variables, which, however, were individually not statistically significant. Other analyzed variables including atmospheric pressure, precipitation, sunshine and humidity or lagged variables did not demonstrate statistical significance. Models with chondrodystrophic dogs only did not converge, as there were not enough of these cases per month or season. In addition, days with cases were less likely in the year 2008 compared to 2012.


Table 2. Multivariable logistic regression model of the days with/without cases and the temperature at the day of clinical signs and temperature lagged 1, 2, or 3 days before onset of clinical symptoms, during each meteorological season compared to Winter over the 6 year study period.
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DISCUSSION

Findings of the present study suggest that, besides the previously known/described effect of breed on IVDD (10), temperature might also have influenced the occurrence of IVDD in the Lake Geneva canine population from 2007 to 2012.

Chondrodystrophic dogs constituted just over 65% of our case population, which correlates well with what was previously reported in different studies (4, 26–28). The Dachshund, which was formerly found to be responsible for up to 79% of all IVDD cases (29), was the second most common breed in our study after the French Bulldog. The increased frequency of presentation of the French Bulldog for treatment of IVDD is in line with a general trend in Central Europe, corroborates well observations in other studies (30) and reflects the increasing popularity of the breed (31). The significant slight increase in cases in the years following 2008 is neither explained by a shift in breed representation nor by an increase in dog population. According to ANIS (Identitas AG, Bern, Switzerland) the number of dogs in Switzerland remained stable over the study period.

The median age of dogs at the time of presentation in our study was 6.2 years. This is consistent with numerous other publications, where disc extrusions commonly occurred between 3 and 7 years (32, 33). Moreover, 50-68.7% of discs have already undergone degenerative changes by the age of 6–7 years (4, 7, 15, 29, 34, 35).

Controversy exists in the literature regarding whether there is a sex predilection for IVDD (7, 8, 10, 15). In our study, both males and females were equally distributed (51.5% male, 48.5% female), which correlates with recent studies (15). Gonadectomy has been suggested to play a role in development of IVDD in Dachshunds especially when performed before 12 months of age (36), but was not assessed in our study. On the basis of the retrospective nature of the study, testing for dog characteristics is out of the scope of our study. Similarly, evaluating for different types of IVDD (e.g., Hansen type 1, acute non-compressive nucleus pulposus extrusion and hydrated nucleus pulposus extrusion) is not possible with our study design.

The most frequent localization of the IVDD was in the lumbar spine (42.6%) followed by the thoracolumbar (29.7%), thoracic spine (20.8%), and cervical (6.9%). In recent literature, thoracolumbar disc extrusion is reported to represent up to 80% of all cases (29, 37, 38). Nevertheless, this localization does not appear to be associated with patient outcome, apart from the cervical spine (38).

The assessment of different weather conditions on the occurrence of IVDD is a challenging task. The mild effect of temperature on the occurrence of IVDD observed in our study is similarly seen in some human studies pertaining to a variety of diseases, with lower ambient temperatures associated with more pain with disorders such as osteoarthritis, pelvic pain syndrome and musculoskeletal pain (39–41) and can also increase the risk for muscle injuries (42). However, in contrast to our findings, a comparable human study failed to show any correlation between the rate of hospital admission for back pain and different weather condition (43). Cold temperatures could affect the mobility of the musculoskeletal system in our patients as well, notably the spinal column. With a reduced mobility and less resistance to strain injuries, the biomechanical forces could eventually act differently or more traumatically on the spine, although this is purely speculative. Whether it is only the outside temperature which impacts the development of clinical signs, or rather the difference between outside and room temperature during colder seasons remains unknown. Direct sunlight could have a positive influence on dogs as it correlates with warmer outside temperatures. It leads to an increase in local skin temperature and muscle perfusion, which could increase the spinal mobility. Even though they appear to play a role in human diseases and back pain (39, 44, 45), none of the other weather variables showed any significant effect in our study. This could be due to small effect of those variables on the biomechanics of the different tissues as we only assessed the onset of IVDD signs.

The Lake Geneva region provided a large area with comparable meteorological situations in our study to collect our data from its dense surrounding settlements. At the same time, the lake by itself reduces rapid temperature changes and allows for less extreme weather conditions (46). Hence, the effect of different weather conditions on the occurrence of IVDD could have been reduced/underestimated.

We cannot exclude that some dogs included in the study may have experienced onset of clinical signs in another geographic and therefore meteorological area before being referred to one of our institutions. This information could have been missed at the time of anamnesis or not recorded in the medical record. Due to the geographical features of this area with national borders and more remote mountain regions adjacent to the lake, it seemed less likely to have a significant impact on the results of our study.

We only evaluated the weather conditions 3 days prior to and on the day of onset of clinical signs. As IVDD is considered a chronic disease with an acute onset of clinical signs, reflected in the inflammatory pattern in the extruded disc material (47), 3 days seemed like a reasonable criterion. Due to sample size limitations, our study did not take weather and environmental variations within a single month into account. For the future, a large cohort study including both cases and healthy subjects followed over a longer time period would be the next logical step to provide an estimate of incidence of the disease and to jointly analyse both the effect of environmental factors and dog characteristics such as breed, exercise, and age. In addition, further studies should consider a wider geographic area, as our study might be only representative for the Lake Geneva area.
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