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Background: Waist-height ratio (WHtR) is increasingly being studied as a simple and effective measure of central obesity. Reports have shown that WHtR is a better predictor of hypertension, diabetes, and cardiovascular diseases when compared to traditional obesity indices like body mass index (BMI), waist circumference (WC), and waist-hip ratio (WHR). This study is therefore aimed at comparing WHtR with other obesity indices in the prediction of peripheral neuropathy in persons with diabetes mellitus (DM).

Methodology: One thousand and forty persons with DM were enrolled following consent. Relevant details of history were obtained, followed by physical examinations. Data were analyzed using IBM-SPSS version 23. Logistic regression was used to compare the odds ratio of obesity indices in the prediction of peripheral neuropathy. The level of significance used was p = 0.05.

Results: Logistic regression showed that WHtR had the highest odds ratio (OR) for the prediction of “probable” diabetic peripheral neuropathy (OR 9.11, 95% CI 3.07–47.97, p = 0.002), followed by WC (OR 2.01, 95% CI 1.09–4.05, p = 0.004), and BMI (OR 1.26, 95% CI 1.00–3.99, p = 0.019) after correction for age; systemic hypertension; duration of DM; control of SBP, DBP, HbA1c, FPG, and 2HrPP.

Conclusion: WHtR has the highest odds ratio in the prediction of “probable” diabetic peripheral neuropathy in both genders, followed by WC in the males and BMI in the females.
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Introduction

Waist-height ratio (WHtR) is one of the obesity indices that is used to measure central obesity. It is the ratio of waist circumference (WC) as the numerator and height as the denominator, all in the same units. Generally, it has been reported that WHtR is a more accurate measure of metabolically significant obesity than body mass index (BMI), WC, and waist-hip ratio (WHR) (1–4).

Similarly, other reports have shown that WHtR is one of the obesity indices that best predicts hypertension, diabetes, and cardiovascular diseases (1–7). However, fewer reports have shown similar predictions of peripheral neuropathy by obesity indices (8–10). In a similar vein, Bulum et al. (11) demonstrated that WHtR was better than WC in predicting diabetic nephropathy, another microvascular complication of diabetes mellitus (DM). It is therefore important to identify the obesity index with the highest predictive power for peripheral neuropathy. This will allow for early recognition of persons at risk of diabetic peripheral neuropathy and adoption of measures to prevent or delay the complication.



Methodology

This multi-center cross-sectional study was aimed at comparing WHtR with other obesity indices in the prediction of diabetic peripheral neuropathy in North Central Nigeria. This study was carried out as part of routine clinical activities in multiple hospitals and in accordance with the 1964 Helsinki Declaration and its later amendments or comparable ethical standards. Inclusion criteria included persons with both type 1 and type 2 DM, while exclusion criteria included those who were not diagnosed as having DM. Consent was sought and obtained from the participants to allow the use of their clinical details with no identity disclosure. A total of 1040 participants were consecutively enrolled over the period of the study. Personal details and other relevant history were obtained from each participant, and age grouping was based on World Health Organization (WHO) age classification (12).

Height and weight were measured using a height-weight scale (RGZ-120 model, J Suhong Medicals company; Jiangsu, China; July 2017). With each participant standing straight with apposed feet, heels against the back board with neither footwear nor head cover, looking straight ahead, and the external auditory opening horizontally aligned with the lower orbital margin, the height was measured at the peak of inspiration to the nearest 0.1 cm. To measure each participant’s weight, he or she was asked to dress lightly, stand still without footwear on the scale, feet separated and parallel, looking straight ahead, and arms hanging by the sides. The weight was then measured to the nearest 0.5 kg. BMI in kg/m2 was then calculated by dividing weight in kilograms by the square of height in square meters (13). Then, WC was measured using a non-stretchable tape. With the examiner and an assistant standing by each side of a participant, the measuring tape was wrapped around each participant’s waist at the mid-point between the inferior border of the lowest rib and the superior border of the iliac crest, and parallel to the horizontal plane. The WC was then measured at the end of expiration to the nearest 0.1 cm (11). WHtR was calculated by dividing WC (in meters) by height (meters); a value of > 0.5 was considered as central obesity for both males and females (14).

Furthermore, Semmes-Weinstein 10 g monofilament was used to test for protective sensation. Following a test application to the forehead, the filament was applied perpendicular to the plantar surface of the 1st and 3rd toes and respective metatarsal heads with the participant’s eyes closed. Minimum pressure just enough for the filament to buckle was exerted within 2 s. Care was taken to avoid repeated contact, sliding, or application on corns, calluses, ulcers, or ischemic areas. The participant was asked to say: “Yes” on feeling the filament. The procedure was repeated twice at each site with at least one “mock” test with an irregular timing pattern to avoid anticipation of stimulus by the participants. “Probable” diabetic peripheral neuropathy was diagnosed if there was a failure to feel the sensation at two or more points on either foot (15, 16).

Vibration sensation was tested using a 128 Hz tuning fork, struck against the examiner’s palm to vibrate for at least 40 s. Following the test application to the participant’s forehead, the base of the tuning fork was applied to the bony prominence at the dorsum of the big toe just proximal to the nail bed with the participant’s eyes closed. He or she was then asked to acknowledge the vibration sensation, and then tell when it stopped following dampening by the examiner. This was repeated twice on each foot in addition to one “mock” application irregularly timed, to prevent stimulus anticipation. “Probable” diabetic peripheral neuropathy was diagnosed when there was failure to sense vibration or acknowledge when it stopped, in at least two sites on either foot (15, 16).

To examine the ankle reflex, each participant was asked to lie supine, hip slightly externally rotated, foot gently dorsiflexed, then the Achilles tendon was tapped with a reflex hammer. Jendrassik maneuver (interlocking and pulling flexed fingers) was used to reinforce the reflex if it was not noticed during the first attempt. Participants with absent plantar flexion and reduced or absent reflex contraction of gastrocnemii were diagnosed as having “probable” diabetic peripheral neuropathy (15, 16).

Microsoft Excel was used for data entry, and then statistical analysis was done using IBM SPSS version 23 (IBM SPSS Co., Ltd., New York, USA; March 4, 2015). Logistic regression was used to compare the odds ratio of obesity indices in the prediction of peripheral neuropathy after correcting for other determinants or confounding factors. The significance level used was p < 0.05.



Results

The aim of this study was to compare the WHtR with other obesity indices in the prediction of diabetic peripheral neuropathy. The total number of participants was 1,040, i.e., 432 males and 608 females in the ratio of 1.0–1.4, comprising 1,002 and 38 persons with type 2 and type 1 DM, respectively. The mean age (SD) of the participants was 52.91 (11.82) years with a range of 15–99 years. The prevalence of diabetic peripheral neuropathy was significantly higher among participants with obesity by WHtR (66%, p < 0.001), by WC (60%, p < 0.001), and by BMI (26.8%, p < 0.001) (Table 1).


TABLE 1    Prevalence of peripheral neuropathy in persons with obesity (by different obesity indices).
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Logistic regression showed that WHtR had the highest odds ratio (OR) for the prediction of peripheral neuropathy (OR 9.11, 95% CI 3.07–47.97, p = 0.002), followed by WC (OR 2.01, 95% CI 1.09–4.05, p = 0.004), and BMI (OR 1.26, 95% CI 1.00–3.99, p = 0.019) after correction for age; systemic hypertension; duration of DM; control of SBP, DBP, HbA1c, FPG, and 2 HrPP. Following gender sub-analysis, WHtR maintained the highest OR in the males (OR 5.00, 95% CI 2.02–11.37, p = 0.007), followed by WC (OR 1.08, 95% CI 1.02–2.14, p = 0.015), and BMI (OR 1.05, 95% CI 0.91–1.81, p = 0.101). Among the female participants, WHtR also had the highest OR in the prediction of peripheral neuropathy (OR 14.43, 95% CI 5.15–127.21, p = 0.005), followed, however, by BMI (OR 2.96, 95% CI 1.92–4.01, p = 0.019), then WC (OR 2.00, 95% CI 1.05–3.04, p = 0.037) (Table 2).


TABLE 2    Logistic regression showing odds ratio of obesity indices for peripheral neuropathy.
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A sub-analysis for type 2 DM showed that WHtR had the highest odds ratio for peripheral neuropathy (OR 22.36, 95% CI 3.15–331.77, p = 0.023), followed by WC (OR 3.00, 95% CI 1.97–10.04, p = 0.032) after correction for age; systemic hypertension; duration of DM; control of SBP, DBP, HbA1c, FPG, and 2 HrPP. However, none of the obesity indices were significant predictors of peripheral neuropathy in a sub-analysis for persons with type 1 DM (Table 3).


TABLE 3    Logistic regression showing odds ratio of obesity indices for peripheral neuropathy in persons with type 1 and type 2 DM.

[image: Table 3]

Following sub-analysis based on age groups, WHtR had the highest odds ratio for the prediction of peripheral neuropathy, followed by WC, in the middle age and the elderly age groups after correction for age; systemic hypertension; duration of DM; control of SBP, DBP, HbA1c, FPG, and 2 HrPP. However, in the young age group, none of the obesity indices was a significant predictor of diabetic peripheral neuropathy (Table 4).


TABLE 4    Logistic regression showing odds ratio of obesity indices for peripheral neuropathy by age.
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Discussion

This study was aimed at comparing WHtR with other obesity indices in the prediction of peripheral neuropathy among persons with DM. The prevalence of peripheral neuropathy was higher among participants with obesity than those without obesity and it was also higher in WHtR-defined obesity than in WC- and BMI-defined obesity. This may mean that WHtR has a higher predictive power for peripheral neuropathy compared to WC and BMI. Further analysis using logistic regression showed that WHtR had the highest odds ratio in the prediction of peripheral neuropathy compared to WC and BMI. Though, some studies have reported the significant abilities of obesity indices to predict cardiovascular diseases (1, 2, 5), with some reports demonstrating that WHtR had higher predictive power than WC and BMI (3, 4), very few studies have ventured into the predictive abilities of these obesity indices for peripheral neuropathy (8, 9). However, Bulum et al. (11) reported that WHtR was more accurate than WC in predicting diabetic nephropathy, which is also a microvascular complication of DM.

Following gender-based sub-analysis, WHtR was found to have the highest odds ratio in the prediction of peripheral neuropathy in both the male and female participants after correction for age; systemic hypertension; duration of DM; control of SBP, DBP, HbA1c, FPG, and 2 HrPP. However, WC had a higher predictive ability than BMI in the males, while BMI was more predictive of peripheral neuropathy than WC in the female participants. There was no similar report found that showed this gender difference in the prediction of peripheral neuropathy by these obesity indices. However, with regard to the prediction of cardiovascular diseases, Heffron et al. (5) showed that BMI had a higher predictive ability in women than in men. Further sub-analysis based on age groups showed a similar pattern of the higher odds ratio of WHtR than WC and BMI in the prediction of diabetic peripheral neuropathy among the middle-aged and the elderly. The young age group did not show a significant prediction of diabetic peripheral neuropathy by the obesity indices. This may be explained by the larger ratio of type 1 DM in the younger age group. Obesity is not a known risk factor for type 1 DM, and obesity prevalence is less in the younger age group, making it unlikely for obesity indices to be a significant predictor of diabetic peripheral neuropathy. This was further expounded by a sub-analysis based on types of diabetes, where WHtR and WC were significant predictors of peripheral neuropathy among persons with type 2 DM, while none of the obesity indices was a significant predictor of peripheral neuropathy among persons with type 1 DM.

The implication of our finding is that WHtR may be more reliable as a predictor of diabetic peripheral neuropathy across the gender divide. Additionally, the fact that WHtR is a simple, non-invasive, yet effective measure of obesity should encourage its use among clinicians, with a possible increased detection of those at risk of diabetic peripheral neuropathy leading to early adoption of preventive strategies. Though the results of this study may be generalizable, however, ethnic and racial differences in the cut-offs of obesity indices may limit this generalization. The limitations of this study include the non-application of the Michigan Neuropathy Screening Instrument (MNSI) questionnaire, and the non-availability of nerve conduction studies, a gold standard for the diagnosis of peripheral neuropathy.



Conclusion

WHtR is a stronger predictor of diabetic peripheral neuropathy than WC and BMI in middle-aged, elderly, male, and female persons with type 2 DM. This was followed by waist circumference in the males and body mass index in the females. Clinicians are, therefore, encouraged to routinely use WHtR as a simple and effective tool to measure central obesity and assess the risk of developing diabetic peripheral neuropathy.
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Lower Upper
All Participants
BMI 0.043 0.018 5.534 1 0.019 1.258 1.004 3.993
wC 0.014 0.015 13.860 1 0.004 2.014 1.085 4.045
WHtR 2.210 2.478 26.795 1 0.002 9.112 3.071 47.966
Males
BMI 0.049 0.030 2.689 1 0.101 1.052 0.908 1.810
WwC 0.073 0.030 5.972 1 0.015 1.076 1.015 2.140
WHtR 7.626 5.131 2.209 1 0.007 5.002 2.017 11.369
Females
BMI 0.037 0.024 2.427 1 0.019 2.963 1.919 4.010
wC 0.014 0.022 0.033 1 0.037 1.996 1.053 3.041
WHtR 4.945 3.476 2.023 1 0.005 14.429 5.154 127.210

BMI, body mass index; WC, waist circumference; WHtR, waist-height ratio; B, coefficient of regression; SE, standard of error; df, degree of freedom; p, level of significance;
exp(B), odds ratio.
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Lower Upper
Type 2 DM
BMI -0.051 0.019 6.982 1 0.098 0.950 0.915 0.987
wC 0.003 0.016 0.045 1 0.032 3.003 1.972 10.035
WHItR 3.107 2.550 1.484 1 0.023 22.357 3.151 331.771
Type 1 DM
BMI -0.302 0.162 3471 1 0.062 0.739 0.538 1.016
wC 0.144 0.079 3.340 1 0.068 1.155 0.990 1.349
WHItR -1.411 11371 0.015 1 0.901 0.244 0.000 1.746

BMI, body mass index; WC, waist circumference; WHtR, waist-height ratio; p, level of significance; B, coefficient of regression; SE, standard of error; df, degree of freedom;
exp(B), odds ratio.
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Lower Upper
The young (<44 years)
BMI -0.068 0.042 2.666 1 0.102 0.934 0.861 1.014
wC 0.036 0.028 1.667 1 0.197 1.036 0.982 1.094
WHtR 0.177 3.869 0.002 1 0.964 0.838 0.000 1647.130
The middle age (44-59 years)
BMI -0.024 0.027 0.779 1 0.377 0.976 0.925 1.030
WwC 0.015 0.024 0.044 1 0.033 5.995 1.949 11.043
WHtR 3.257 4.009 0.660 1 0.017 25.976 5.010 67.203
The elderly (=60 years)
BMI -0.045 0.036 1.541 1 0.214 0.956 0.891 1.026
wC 0.046 0.035 1.712 1 0.041 3.047 1.977 11.122
WHtR 2.148 5.878 0.134 1 0.015 5.117 3.000 13.103

BMI, body mass index; WC, waist circumference; WHtR, waist-height ratio; p, level of significance; B, coefficient of regression; SE, standard of error; df, degree of freedom;
exp(B), odds ratio.
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BMI 6.7% 26.8% 14.17 <0.001
wC 13.6% 60.1% 45.39 <0.001
WHtR 15.5% 66.0% 51.67 <0.001

BMI, body mass index; WC, waist circumference; WHtR, waist-height ratio, p = level of
significance, normal = no peripheral neuropathy, P.Neuro = peripheral neuropathy.
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