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Observations and Research

Changing Patterns of Relationships Between 
Geographic Markers and IBD: Possible Intrusion 
of Obesity

Andrew Szilagyi MD*, Brian E. Smith PhD†, Natanel Sebbag‡, Henry Leighton PhD§, and 
Xiaoqing Xue MSc¶

Background: Latitude and lactase digestion status influence incidence and prevalence rates of some noncommunicable diseases. Latitudinal 
correlations helped define beneficial roles of vitamin D in many diseases like inflammatory bowel disease (IBD). In view of recent global expan-
sion of IBD and population migrations, we reexamine relations with these markers. As these changes also paralleled the pandemic of obesity, we 
explore possible interactions with IBD.

Methods: We undertook a literature review to compare rates of obesity, Crohn’s disease and ulcerative colitis with the geographic markers of 
lactase digestion status, average population-weighted national latitude, and national yearly sunshine exposure. Pearson correlations were used 
throughout to determine r correlation factors. Statistical significance was accepted at P <0.05 using 2-tailed tests.

Results: Forty-seven countries were matched with various data sets that could be analyzed (range of availability was 49%–85%). While global 
correlations of IBD with latitude and lactase status remain similar to previous analyses, in Europe and Asia, outcomes were different. Global 
outcome contains a statistical paradox related to combining countries from Europe and Asia. Obesity showed moderate global correlations with 
IBD but weak and negligible correlations in Europe and Asia. There was also a weak global correlation with latitude.

Conclusions: It is suggested that global correlations point to parallel geographic spread of IBD and obesity. The lack of latitudinal relations 
with obesity suggests reduced vitamin D effect. The paradox supports epidemiological differences in western and eastern IBD. Obesity combined 
with IBD may contribute to different relations, partly due to variable vitamin D effects.

Lay Summary
Two ecological markers have defined lower national rates of inflammatory bowel disease (IBD). Both low latitudes and high population lactose 
maldigestion frequencies were associated. These associations have changed due to global extension of IBD, immigration, and parallel obesity. 
Observed regional differences may be impacted by obesity rates.
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INTRODUCTION
On a global level, two ecological geographic markers or 

modifiers were found to correlate inversely with “western”-
type diseases. Latitude’s impact was attributed to reduction 

of sunshine exposure in northerly regions. In turn, reduced 
sunshine focused research on the possible role of vitamin D 
as an immune modifier1, 2 and anti-carcinogen.3–6 The second 
marker which also varies inversely with similar diseases as lat-
itude is the population distributions of adult lactase digestion 
status.7 Lactase distributions (lactase persistence [LP] and lac-
tase nonpersistence [LNP]), also vary inversely with latitude 
but extend laterally to include many other regions (Asia South 
America, Pacifica, and parts of Africa).8 Modern distributions 
of LP/LNP populations which divided the human race along 
genetic lines, depended on both ancient and more recent popu-
lation migrations.9 The explanations for LNP disease relation-
ships are less clear, but may be multifactorial.

The IBDs (consisting of Crohn’s disease [CD] and ul-
cerative colitis [UC]) have been used as examples where inci-
dence and prevalence are modified by latitude10–13 and national 
LNP status.7 However, by the end of the 20th century, the 
sharp distinction of the north–south gradient effect was ques-
tioned in Europe.14 In addition, more precise information 
emerged on national IBD rates in the last 2–3 decades which 
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showed increases in world regions with previously low or non-
existent rates.15, 16 Second more precise information of popula-
tion lactase distributions emerged during the same time frame.17 
Importing of western industrialization and adoption of new 
lifestyles have been blamed for such disease expansion into pre-
viously low incidence areas.16, 18

Accompanying the increased spread of IBD, a more 
common condition of obesity has become a pandemic in the 
last few decades.19 The World Health Organization defines 
obesity by the formula, body mass index (BMI) as weight in 
kilograms per (height in meters)2, >30 kg/m2.20 Obesity was pre-
dicted to expand into less developed countries with large LNP 
populations.21

Intriguingly, pathogenic features of obesity seem to coin-
cide with those attributed to IBD. The general features of obe-
sity include promotion of a pro-inflammatory state by insulin 
resistance, oxidative stress and effects of adipokines. In addi-
tion, dysbiosis in the microbiome of obese persons superficially 
approximates some features found in IBD.22, 23 Complications 
of the metabolic syndrome such as fatty liver,24 cardiovascular 
disease,25 and in UC, type 2 diabetes26 have been described. 
Obesity has controversial effects on IBD clinical course, which 
include response to biologic agents27–29 and variable alterations 
on severity of IBD.30 Furthermore, IBD and obesity may merge 
with time as patients with IBD gain weight.31 These observa-
tions raise a hypothesis that the interactions of obesity with 
IBD may have impacted on previously found relationships of 
the latter with geographic markers.

In this analytical review, we re-examine relationships 
between both forms of IBD and two geographic markers, 
incorporating new available data on IBD rates and national 
LP/LNP distributions. We also evaluate relationships between 
obesity and the same geographic markers to examine possible 
impact on IBD epidemiology.

METHODS
For this focused review and analysis, PubMed, Google 

Scholar, several web sites (where noted) as well as individual 
articles were searched for data on designated target variables. 
Population statistics obtained from the Internet, for the year 
2014 which approximate updated IBD, obesity, and LNP 
rates were used for adjusting for national rates as needed. 
The literature was searched to recover national incidence 
and prevalence rates for Crohn`s disease and ulcerative co-
litis, national percent frequency of  obesity and for national 
percent frequency of  lactase nonpersistence (LNP). Average 
national latitudes and national Ultraviolet-B exposure per 
year were calculated as described briefly and as published 
previously.32

The most recent national rates (incidence and prevalence 
as per 100,000) of IBD are included from references.15, 16 If  
national rates were unavailable, estimates were calculated based 
on population statistics using previously reported methods.32 In 

these cases, disease rates (D) were based on regional data using 
the following formula: 

D =

∑N
i=1 Xi∑N
i=1 Pi

 (1)

where Xi is the number of patients with new or ongoing 
disease (CD or UC) in region or city “i,” Ai is the population 
of region/city, Pi is the populations of the N population centers 
considered, and N is the number of cities and/or regions.

National obesity frequencies were sought while rates of 
overweight were excluded due to less clear effects of the graded 
spectrum of weight on complications of obesity. The definition 
was based on the BMI which is defined by the World Health 
Organization as BMI ≥ 30 kg/m220 and most reports used this 
definition. The main source for obesity frequency was from Ng 
et al.33

This article evaluated the rates of overweight and obe-
sity from world data for four periods between 1980 and 2013 
and estimated national rates for 2013 using 188 countries. 
Frequencies were based on measured and self-reported values 
categorized by age, greater or less than 20 years and by gender. 
Those greater than 20 years of age were used and tabulated as 
percent frequencies (which were listed with 2.5%–97.5% uncer-
tainty intervals). National male and female frequencies were 
added and averaged for facilitating comparisons. We made the 
assumption that the national populations were approximately 
made up of men and women in a ratio of 1:1. We also supple-
mented some national obesity data, not listed in Ng et al33 from 
other references (Taiwan,34 Thailand,35 Indonesia,36 Kuwait,37 
and Saudi-Arabia38). Hong Kong rates were derived from an in-
formation web page by the Chinese University of Hong Kong.39

For comparison and consistency over time, rates of 
obesity were also sought from the Organization of Economic 
Co-operation and Development (OECD) for two nonsequential 
years and which includes data limited to 36 member nations.40, 41

National rates of lactase digestion status were derived 
from Storhaug et  al.17 However, several other sources were 
also used because these were not available in one reference.42–45 
Determination of lactase status was based on duodenal biop-
sies, indirect tests of lactose maldigestion such as blood glucose 
or breath hydrogen response to lactose loads and direct genetic 
testing.

National average latitudes are presented in terms of 
single values for each country as previously published.32 The 
method is reiterated here. A  population-weighted latitude is 
calculated for the country based on the latitudes of the most 
heavily populated cities within the country of interest. So, Pi 
is the population of the N population centers considered. The 
number of population centers (N) included in the calculation of 
a national average varied from 1 for small countries to typically 
10 or more for the larger countries with many large population 
centers.
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LAT =

∑N
i=1 PiLATi∑N

i=1 Pi
 (2)

where LATi is the latitude of population center i.
National yearly ultraviolet-B (280–315  nm) exposures 

(UVB/kJ/m2/year) were deduced from the data of Lee-Taylor 
and Madronich46 and have also been described previously.32 
Briefly, monthly surface-level radiation based on a radia-
tive transfer model driven by satellite-measured variables was 
used. Annual averages from the sum of monthly averages for 
the period 1990–2000 were computed. To obtain a single repre-
sentative value for each of the countries, population-weighted 
averages for ultraviolet B surface radiation were calculated for 
the locations of the largest population centers in each country. 
A single population-weighted latitude was calculated for each 
country using the same population weighting as used for calcu-
lation of the population-weighted latitude.

The national annual average ultraviolet-B exposure is 
calculated as

UVB =

∑N
i=1 Pi UVBi∑N

i=1 Pi
 (3)

where UVBi is the annual ultraviolet-B exposure at pop-
ulation center i.

Statistical and Data Analysis
Pearson correlation coefficients were used to compare re-

lationships among the different variables. For national rates of 
Crohn’s disease and ulcerative colitis, log-transformations were 
used due to skewness of data. Statistical significance was accepted 
for a 2-tailed P value at P < 0.05. The primary objectives were to 
explore relationships between IBD and LNP, latitude or UVB, 
and then between obesity and LNP, latitude, or UVB. A correla-
tion between obesity and CD or UC incidence was also evaluated. 
The strength of correlations was qualitatively and arbitrarily de-
fined as strong; r ≥ 0.7, moderate r ≥ 0.5, weak ≤ 0. 49, and neg-
ligible ≤ 0.3. This subjective classification is based on Mukaka.47

Missing information for countries was not included. 
The number of countries linked to each variable is shown in 
Supplementary Table A. SAS statistical analysis package (ver-
sion 9.3; SAS Institute Inc., Cary, NC, USA) was used for 
calculations.

The rationale of the strategy for analysis includes the 
following assumptions. Latitude is a fixed variable which is in-
sensitive to the calculation of national average latitudes. The 
relationship of annual national sunshine exposure is also stable 
with a minimal variation over decades and is strongly and in-
versely correlated with latitude.8, 32 The world distributions of 
lactase digestion are dependent on population migrations. The 
most recent compilation of national LNP rates shows consider-
able changes of increased LNP populations in North America 

and Europe.17, 45 However, Asian, African, and South American 
rates have changed little. Pearson’s was chosen over Spearman’s 
correlations because previous observations have linked IBD 
with a more linear relationship with latitude.32 We explored pos-
sible relations among target variables first at the global level. 
Then we also evaluated these relationships in Europe and Asia.

RESULTS
A total of 47 countries supplied frequencies of obe-

sity.33–39 Comparison of data from Ng et al33 with those from 
the OECD for 201440 and 201541 were r = 0.88 and r = 0.87, 
respectively. These suggest that reports from Ng et al were con-
sistent with other reports. Similarly, we were able to derive LNP 
rates reported from the same 47 countries.17, 42, 45 Calculated av-
erage national latitudes were derived for 46/47 (98%) and av-
erage national yearly UVB kilo Joules per year exposure for 
36/47 (77%).

As a control for small numbers of available data, the 
outcome of comparisons of latitude and annual UVB ex-
posure was carried out. Results were as expected in all 3 do-
mains. These ranged from r  =  −0.85 in Asia to r  =  −0.98 in 
Europe. Comparisons of latitude and annual UVB exposure 
with national LNP rates were also as expected globally and in 
Europe.10, 26 In Asia, the majority of the populations are LNP, 
which is largely independent of latitude (data not shown).

We matched 40/47 (85%) countries for incident rates 
of CD i and 39/47 (83%) for UC i.15, 16 National disease rates 
for 26 countries were estimated (calculated as described) from 
ref. 15 and relevant national populations listed on the internet 
(Supplemental Table A). There were fewer available prevalence 
rates; CD p 23/47 (49%) and UC p 25/47 (53%). The correlation 
between incidence of CD and incidence of UC was r = 0.87. 
The correlations between CD incidence and CD prevalence 
were 0.82 based on 22 countries. Similarly, the correlation be-
tween UC incidence and UC prevalence was 0.76 based on 24 
countries. All of these correlations were statistically significant 
P < 0.001.

We then examined relationships among target vari-
ables to include a global assessment and then in Europe and 
Asia. Table 1 shows the correlations among incidence rates for 
national Crohn’s disease, ulcerative colitis, latitude, UVB, and 
LNP in three regions of the world.

The main findings shown are the modest-to-moderate 
correlations of Crohn’s and UC incidence with geographic 
markers globally. However, when the same relationships are 
examined in Europe or Asia only the correlation of CD inci-
dence with LNP in Europe and the correlation of CD and UC 
incidence with latitude in Asia remain moderate or strong.

When prevalence data on IBD are assessed the outcomes 
with the geographic markers are similar globally but less clear 
in the other two regions where UC prevalence remains moder-
ately associated with LNP and strongly associated with latitude 
in Asia (Supplemental Table B).

https://academic.oup.com/crohnscolitis360/article-lookup/doi/10.1093/crocol/otaa044#supplementary-data
https://academic.oup.com/crohnscolitis360/article-lookup/doi/10.1093/crocol/otaa044#supplementary-data
https://academic.oup.com/crohnscolitis360/article-lookup/doi/10.1093/crocol/otaa044#supplementary-data
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The same analysis of  obesity and IBD shown in 
Table  2 reveals weak global correlations between obesity 
and LNP or latitude and a negligible correlation with UVB. 
The relationships are consistently negligible in Europe 
and Asia.

Correlations between obesity and the two forms of IBD 
show global moderate relations, but these are lost and are neg-
ligible in Europe and Asia (Table 3).

This pattern of  different outcomes, when global out-
comes are compared with separate included regions, is 

consistent with Simpson’s paradox.48, 49 A  re-analysis of 
the exact same data combined or separately is shown in 
Supplementary Table C. Eight countries are excluded from 
the total in this table, thus the same data are used for com-
bined and separate analysis, meeting the definition of  the 
paradox.48, 49

As a test, we also calculated Spearman’s coefficients for 
geographic variables as well as interaction of latitude, LNP and 
CD and UC incidence. With some variations, the statistical out-
comes and patterns of the paradox persisted (data not shown). 
This was done to facilitate comparison with the last analysis 
which was carried out with Spearman’s coefficients.32

An exemplary scattergram of CD or UC incidence vs 
obesity globally is compared with a similar scattergram of CD 
or UC incidence vs obesity frequency in either Europe or Asia 
(Figs. 1–3a–d). These figure help to demonstrate how the com-
bination of data from Europe and Asia form a reasonably linear 
graph while evaluation of data points within each region fail to 
form linear plots. These findings suggest that obesity seems not 
to correlate with CD or UC in Europe or Asia.

DISCUSSION
In this report, we re-examine relationships among CD, 

UC, and the geographic modifiers of disease rates of lati-
tude, UVB, and LNP national distributions. This reanalysis is 
prompted by recent expansion of IBD into previously low inci-
dence areas. Also recent population migrations largely into tra-
ditional “western”-type countries in Europe, North America, 
and Australia could influence previous geographic associations. 
A  third possible influencing variable is the coincidental pan-
demic of obesity, which has been hypothesized to share some 
pathogenic similarities with IBD and includes similar expanding 

TABLE 2. Correlations of National Obesity Frequency 
(Ob) with National Lactase Nonpersistence Frequencies 
(LNP) [Panel A], Calculated Mean National Latitude 
[Panel B] or Average Calculated National Yearly Ultra 
Violet B Exposure [UVB/kJ/m2/year] [Panel C] on a 
Global, European or Asian Division

Global P Europe P Asia P

Panel A
LNP       
 Ob −0.47 [47] 0.0009 −0.05 [21] NS 0.16 [14] NS
Panel B
Latitude       
 Ob 0.36 [46] 0.015 0.11 [20] NS −0.11 [14] NS
Panel C
UVB       
 Ob 0.16 [36] NS −0.1 [20] NS 0.39 [6] NS

NS, not significant.

TABLE 1. Correlations of Crohn’s Disease Incidence (CD) and Ulcerative Colitis Incidence (UC) with National Lactase 
Nonpersistence Frequencies (LNP) [Panel A], Calculated Mean National Latitude Latitude [Panel B] or Average 
Calculated National Yearly Ultra Violet B Exposure [UVB/kJ/m2/year] [Panel C] on a Global, European or Asian Division

Global P Europe P Asia P

Panel A       
LNP       
  CD −0.68 [40] <0.0001 −0.55 [20] 0.012 −0.13 [12] NS
  UC −0.61 [39] <0.0001 −0.33 [20] NS −0.09 [12] NS
Panel B       
Latitude       
  CD 0.75 [39] <0.0001 0.4 [19] NS (0.09) 0.65 [12] 0.02
  UC 0.75 [38] <0.0001 0.42 [19] NS (0.07) 0.71 [12] 0.009
Panel C       
UVB       
  CD −0.48 [33] 0.005 −0.38 [19] NS −0.27 [6] NS
  UC −0.42 [32] 0.015 −0.34 [19] NS 0.19 [6] NS

NS, not significant.

https://academic.oup.com/crohnscolitis360/article-lookup/doi/10.1093/crocol/otaa044#supplementary-data
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trajectories. While correlations cannot prove causation, the re-
sults can lead to hypotheses to explain patterns.

Correlations among these variables on a global level are 
similar to findings from an earlier study.26 These correlations 
grossly reflect national disease parameters but do not imply 
homogeneity within countries. However, the global outcomes 
consist of an amalgamation of a paradox formed by combining 
data from Europe and Asia, as well as, other various world re-
gions. As such, it appears that the regional disruptions from 
globally homogenous correlations, result from differences in 
Europe and Asia. There are too few countries from other re-
gions to analyze these separately.

Although the etiology of IBD is thought to be homoge-
nous throughout the world,50 there are epidemiological differ-
ences described between IBD in the west and the east. Some 
of these examples include the following. Originally in the west, 
UC was more frequent and was followed by CD about 10 years 
later.51 Disease rates in the west appear to be leveling off50, 51 
with some variation between adult and pediatric CD in coun-
tries such as Canada.52 In Asia, UC and CD tend to develop at 
more similar rates and CD tends to be more clinically severe. 
Rates of both diseases are increasing in previously low inci-
dence areas. While industrialization and western lifestyle adop-
tions are thought to be causative, the differences in disease rates 
are not completely paralleled by industrial growth (eg, Japan, 

earlier and China, later).50 Epidemiological parameters such as 
smoking and appendectomy have variable relations with CD 
and UC between east and west. Genetic differences between 
populations exist. One example is the mutations in nucleotide-
binding oligomerization domain 2 (NOD2). This was the first 
gene described to be related to CD but is largely limited to 
Caucasians. Other genes such as a new and different mutation 
in IL-23R was found to protect against CD in Asians. These 
and other regional differences are reviewed by Mak et al.53

In addition, there are likely microbiome differences be-
tween western and eastern populations,54 although these dif-
ferences need further studies in patients with IBD.55 These 
different epidemiological attributes could account for paradox-
ical relationships noted for evaluated variables.

Second population changes have occurred which dispro-
portionately changed western compared with eastern countries. 
Hence, populations from previously low IBD incidence regions 
(which include majority of LNP phenotypes) have migrated 
north and west. However, the previously large LP population 
residing in largely north and western Europe may have been 
diluted leading to decrease in the sharp north-south gradient of 
LP and LNP populations previously noted.

An east–west gradient in IBD distributions has also been 
noted in Europe more recently.56 These population shifts in 
Europe but not Asia (where the large majority of the popula-
tion are LNP phenotype) could also have contributed to chan-
ging ecological relationships.

It is of note that some aspects of IBD (CD incidence 
and UC prevalence) retain correlations with LNP in Europe. 
However, both forms of IBD in Asia retain national relation-
ships with latitude. This latter pattern is reminiscent of early 
IBD relations with latitude in the west.

How might obesity contribute to the observed pat-
terns? Obesity largely began in North America and extended 
to less-developed nations.19 The path of the obesity pandemic 
was predicted to involve large areas inhabited by LNP popula-
tions.21 This pattern could be reflected in the global moderate 

TABLE 3. Correlation of National Obesity Frequency 
with Either Crohn’s Disease or Ulcerative Colitis 
Incidence Rates Are Shown

Obesity Global P Europe P Asia P

CD 0.50 [40] 0.0009 0.06 [20] NS −0.23 [12] NS
UC 0.51 [39] 0.0008 0.26 [20] NS 0.07 [12] NS

NS, not significant.

FIGURE 1. Scattergram showing relationships between national 
Crohn’s disease (CD) incidences and frequencies of obesity on a global 
level (40 countries represented).

FIGURE 2. Scattergram showing relationships between national ulcer-
ative colitis (UC) incidences and frequencies of obesity on a global level 
(39 countries represented).
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negative correlations of obesity with LNP and also with the 
weak correlation with latitude. In addition, both forms of IBD 
correlate with obesity possibly reflecting similar trajectories of 
these conditions.

The most consistent findings are that obesity has weak 
to negligible correlations with UVB and weak correlation 
with latitude. Although latitudinal effects may work through 
other factors such as temperature57 and changes in intestinal 
microbiome,58 the north–south gradient effect on diseases was 
hypothesized to be the lack of sunshine and the lower availa-
bility of vitamin D. As a result, the present observations raise 
the suggestion that obesity may respond poorly to vitamin D.

Indeed, obesity is associated with low vitamin D levels,59 
the outcome of supplemental replacement appears to be con-
troversial. Indeed, in vitro and small animal studies report con-
flicting outcomes in studies on obesity, with vitamin D. While 
animal studies suggest that vitamin D inhibits adipogenesis, in 
vitro studies suggest that the vitamin is pro-adipogenic.60 In hu-
mans, a recent meta-analysis of randomized controlled trials of 
supplementary vitamin D ingestion failed to impact on weight 
loss.61 Also, a recent controlled trial of vitamin D supplemen-
tation disclosed that in healthy men with low serum vitamin 
D levels (<50 nmol L) there was an increase in central obesity 

while with less severe insufficiency supplemental vitamin D had 
a negative effect on insulin sensitivity.62

 In the case of IBD, the initially observed inverse link 
with low latitude and sunshine suggested that vitamin D has an 
important immune modulatory effect.63 Subsequently, both ob-
servational and some interventional trials supported beneficial 
effects of vitamin D on IBD outcome.11–13, 64, 65

If  the global association with IBD is correct, we might 
not be surprised by the variable relations of obesity found in 
regional analyses with IBD. Such disparity in findings may be 
due to interactions of obesity with IBD, which lose geographic 
correlations in Europe and Asia for the reasons outlined above.

The coexistence of obesity with IBD may occur for 
reasons outlined in Introduction. The contribution of inter-
actions of two conditions with possible diverging effects of vi-
tamin D (favorable in IBD and possibly neutral or negative in 
obesity) is not possible to predict. In Asia where IBD is more 
recent, obesity may or may not have a protective effect for prev-
alence of ulcerative colitis.

There are limitations to the findings and interpretation of 
this study. These stem from the need to approximate information 
to similar time frames and to obtain data at national levels in order 
to allow more homogenous comparisons of different variables. 

FIGURE 3. Scattergram showing relationships between (a) national Crohn’s disease (CD) incidences and frequencies of obesity in Europe (20 
countries represented). (b) National Crohn’s disease incidences and frequencies of obesity in Asia (12 countries represented). (c) Ulcerative colitis 
incidences and frequencies of obesity in Europe (20 countries represented). (d) Ulcerative colitis incidences and frequencies of obesity in Asia (12 
countries represented).
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However, such national-level information is not uniformly available 
in the literature. As a result significant numbers of IBD incidence 
and prevalence data were calculated from regional information that 
was available. These still do not give necessarily accurate national 
data because intra-country rates often vary. The effort to match 
data from different countries resulted in restriction of available data 
which reduces the power of comparisons. As such a type 2 error is 
a possibility with low correlations. Secondly, average national lati-
tudes and annual sunshine exposure were estimates also based on 
calculations. While small countries are less affected, large regions 
such as Canada, United States, and China, the average estimates 
may be less accurate. In this regard, however, the finding of the 
previously expected relationships between geographic markers is 
somewhat reassuring. Furthermore, despite limited data available 
in Asia, confirmation of the published relationship of IBD with 
latitude15 supports the findings in this analysis. Finally, we reit-
erate that the interpretations are largely hypotheses. However, the 
strengths are based on the fact that information on various aspects 
was obtained from independent sources which should reduce the 
bias of associations.

In conclusion, re-evaluation of correlations of IBD inci-
dence and prevalence with geographic modifiers of IBD show 
continued similarities on global level. However, comparison of 
these ecological markers as they relate to IBD are divergent in 
Europe and Asia but support epidemiological studies which 
suggest differences in IBD between east and west.

In Europe, influx of immigrants from low incidence areas 
possibly reflects retention of the correlations of IBD with LNP 
phenotype. In Asia, the more homogenous LNP population 
re-enacts early observations of correlations with latitude. These 
different regional patterns support independent effects of lati-
tude and LNP phenotype on these conditions.

Moderate positive global correlations of obesity disap-
pear in regional analyses. However, loss of correlations between 
geographic markers and obesity, especially, in Europe may be 
explained by similar factors that affect IBD, but retain mutual 
disease associations.

Similarly, geographic patterns observed suggest possible 
weaker effects of vitamin D on obesity. As such, with the co-
existence of both conditions, the effect of vitamin D on IBD 
may vary in ways that are not predictable. The impact of obe-
sity on vitamin D effects in IBD and other diseases linked with 
dependent incidence on latitude could benefit from further 
evaluation.
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